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Abstract

Background—Transannular patch (TAP) repair of tetralogy of Fallot often results in significant
right ventricular outflow tract (RVOT) dilation and distortion. We hypothesized that insertion of
Melody valves into the proximal right and left branch pulmonary arteries (PAs) would reduce
pulmonary regurgitation fraction (PRF) in an ovine model of pulmonary insufficiency and dilated
RVOT.

Methods and Results—Ten sheep underwent baseline cardiac catheterization, surgical
pulmonary valvectomy, and TAP placement. A subset (n=5) had Melody valves (2 devices per
animal) inserted into the proximal right and left PAs during the surgical procedure. Melody valves
were placed distal to the right-upper-lobe (RUL) artery branch, leaving the RUL “unprotected.”
Preoperative MRIs (n=5) were used to determine baseline RV ejection fraction (RVEF) and left
ventricular (LV) EF. All surviving animals (n=9) underwent MRI and catheterization 6 weeks
postsurgery.

Mean PRF was lower in the Melody valve group (15+£6% versus 37+3%; P=0.014). The
unprotected RUL was responsible for 64% of the PRF measured in the Melody valve group. In the
non-Melody group, the RVEF was lower than baseline (P=0.003) and than in the Melody group
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(P=0.05). The LVEF was also lower in the non-Melody group versus baseline (P=0.004) and
versus Melody (P=0.01).

Conclusions—aBilateral branch PA Melody valve implantation significantly reduced PRF and
altered RV and LV function favorably in a model of TAP for tetralogy of Fallot. This novel
intervention may offer potential benefit in treating patients with anatomically heterogeneous
disease of the RVOT.

Keywords

MRI; heart valve prosthesis implantation; pulmonary heart disease; tetralogy of Fallot; pulmonary
valve regurgitation; pulmonary valve stenosis

Surgical repair of tetralogy of Fallot (ToF), the most common cyanotic congenital heart
disease, almost always results in pulmonary valve insufficiency and often in proximal
branch pulmonary artery (PA) stenosis."® These lesions are the major cause of late
morbidity and mortality after successful repair of ToF, leading to right ventricular dilation;
exercise intolerance; ventricular dysfunction; arrhythmia; increased risk for sudden death;
and, eventually, reoperation in adolescents and young adults.1-3:6.7

Percutaneous transcatheter pulmonary valve replacement has been introduced recently,8-10
and early and intermediate clinical experience has been reported with modest success.11-13
These prior studies demonstrated the feasibility of this general approach, and this important
breakthrough has the potential to delay and reduce the need for multiple operative
procedures in children with ToF. However, this approach is currently limited almost
exclusively to patients in whom a conduit connecting the right ventricle (RV) to the main
PA (MPA) was placed at the time of their initial surgery.19-12.14 Unfortunately, they
represent only a fraction of those patients after repair of ToF who are followed clinically.14
The vast majority of others have had a transannular patch (TAP) repair, a procedure that
effectively destroys the pulmonary valve, resulting in free pulmonary insufficiency.1-2.6:15

In the absence of an RV-to-PA conduit, severe RV outflow tract (RVOT) failure with
marked anatomic distortion and dilation of that region can develop. This distortion/dilation
makes it technically impossible to implant the currently available transcatheter valves in the
orthotopic (usual) pulmonary position through a transcatheter approach,10-16.17 and
therefore, repeat surgery (at relatively higher risk) is required to restore pulmonary valve
competence.

Several experimental approaches to transcatheter valve replacement in dilated RVOTSs have
been described,16-19 but most have required surgical reduction in the size of the RVOT
before valve implantation, and none has been widely used in humans. Most recently, the
first-in-human implantation of a novel, custom-designed percutaneous pulmonary valve was
reported.20-21 This exciting, innovative approach to valve replacement offers a glimpse into
what may be the future of device therapy. However, given the anatomic variability of the
RVOT and the concomitant occurrence of branch PA disease frequently encountered in this
patient population, alternative approaches to valve replacement should continue to be
explored.

Circ Cardiovasc Interv. Author manuscript; available in PMC 2014 May 29.
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In the current study, we tested the hypothesis that implantation of a transcatheter valve into
both the right and left proximal branch PAs is feasible and will reduce regurgitant
(backward) flow into the RV. The ultimate goal is to broaden the indications for
percutaneous valve replacement to include patients with large, distorted outflow tracts by
exploring unorthodox locations within the PA tree for valve implantation. Implantation of a
durable valve into the branch PAs could potentially alleviate pulmonary regurgitation,
preserve RV function, and reduce late postoperative morbidity without the risks inherent in
open heart surgery.

Following approval by The University of Pennsylvania’s Institute of Animal Care and Use
Committee, female Dorsett hybrid sheep were subjected to study. Ten sheep underwent
baseline cardiac catheterization, surgical pulmonary valvectomy, and TAP placement. A
subset (n=5) also underwent baseline cardiac MRI before surgery and had Melody valves
(Medtronic, Inc; Minneapolis, MN) (2 devices per animal) inserted into the proximal right
PA (RPA) and left PA (LPA) during the surgical procedure. Baseline MRIs (n=5) were used
to determine control RV and left ventricular (LV) volumes and ejection fractions (EFs). All
animals underwent MRI and catheterization 6 weeks after surgery.

Surgical Pulmonary Valvectomy TAP Placement

A left-side thoracotomy was performed, and the pericardium was incised to expose the
RVOT and MPA. An oval Gore-Tex patch was prepared, measuring 45 mm long by 25 mm
wide by 0.6 mm thick. A Satinsky clamp was placed across the RVOT to subtotally occlude
it, incorporating the pulmonary annulus. The RVOT was then incised along its length with
the pulmonary annulus at the midpoint of this incision, and 1 complete pulmonary valve
leaflet was excised. The patch then was sutured to the edges of the incised RVOT with a 6-0
running prolene suture.

Melody Valve Implantation

At the time of the surgery, 5 animals underwent bilateral branch PA Melody valve
implantation in addition to pulmonary valvectomy and TAP placement. These animals
comprised the Melody valve group.

Baseline angiography was performed to delineate anatomy and determine branch PA
diameter. In the ovine PA tree, the proximal RPA and LPA are shorter than in humans, with
the segmental upper-lobe branches originating just beyond the MPA bifurcation. Thus,
deployment of the Melody device, which effectively is a covered stent, excludes the upper-
lobe arteries if implanted into the proximal part of the branch PAs. We observed that the left
upper lobe (LUL) of the lung is slightly smaller than the right upper lobe (RUL), and that
the LUL branch of the LPA generally appeared to be smaller than the corresponding RUL
branch of the RPA. To minimize the percentage of lung excluded by Melody valve
implantation, we deployed the device in the proximal LPA, completely jailing and thus
excluding the LUL artery. Conversely, we deployed the Melody valve just distal to the

Circ Cardiovasc Interv. Author manuscript; available in PMC 2014 May 29.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Robb et al.

Page 4

origin of the RUL RPA, leaving the RUL branch patent but “unprotected” by the Melody
valve.

In each animal, the Melody valves were crimped onto angioplasty balloons measuring 16 to
18 mm in diameter by 4 cm in length. Balloon diameter was chosen according to baseline
angiographic measurements. In general, the balloon was oversized by 3 to 5 mm. To
minimize the profile of the Melody valve, crimping was accomplished in a stepwise manner
by sequentially elongating the device on progressively smaller Hegar dilators starting at 14
mm in diameter down to 7 mm. This technique allowed for a uniform and symmetrical
reduction in device profile. The balloon-Melody complex was then front loaded into a
modified 20-F sheath, which was introduced directly into the MPA over a guidewire through
an incision made at the level of the pulmonary valve annulus. Hemostasis was maintained
using a purse string suture. If necessary for hemostatic control, in lieu of a single purse
string, the introducer sheaths were inserted through a short segment of vascular tube graft
sewn to the MPA. In both approaches, the incision used for sheath insertion was extended
proximally across the pulmonary valve annulus for valvectomy and TAP placement (see
previous surgical description). Once in position, the devices were deployed through standard
balloon inflation technique. Postdeployment angiography was performed to assess valve
position and function bilaterally.

Cardiac MRI Methods

All MRIs were performed under general anesthesia using a 3-T Siemens Avanto (Siemens
Corp; New York, NY) scanner and analyzed by a single observer. A high-fidelity pressure
transducer (SPC-350; Millar Instruments Inc; Houston, TX) was inserted percutaneously
through the femoral artery into the LV, allowing for cardiac gated image acquisition.

Phase-Contrast MRI Methodology

Phase-contrast magnetic resonance acquisition was applied at the MPA, branch PAs, and the
aorta for flow quantification. The typical imaging parameters were an echo time of 3.5 ms;
temporal resolution, 40 ms; flip angle, 25°; and voxel size, 2.0x1.5x5.0 mm (slice thickness)
with a resulting signal-to-noise ratio of approximately 1.0. Signal averaging was used to
improve signal-to-noise ratio and minimize respiratory artifact. Data analysis involved
contouring regions of interest throughout the cardiac cycle. The regurgitant fraction (RF)
through a region of interest was defined as follows: RF=(reverse flow/forward flow)x100.
Fractional branch PA pulmonary blood flow (PBF) distribution was calculated as follows:
fractional branch PA PBF=(net branch PA flow/net total PBF)x100. Indexed values were
obtained by calculating body surface area based on an accepted conversion formula for
sheep: body surface area (m2)=0.097xweight (kg)?-656,22

Ventricular Volume Acquisition and Analysis

High temporal and spatial resolution gradient echo cine short-axis imaging of the ventricles
were acquired from base to apex. The typical imaging parameters were an echo time of 2.7
ms; temporal resolution, 31.7 ms; bandwidth, 401 mHz; and voxel size, 2.1x2.1x5.0 mm
(slice thickness) with a resulting signal-to-noise ratio of approximately 1.0. The ventricular
systolic function analysis involved contouring the blood pool at end diastole and end systole
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at each level data set, thereby quantifying the end-diastolic volume (EDV) and end-systolic
volume (ESV). The stroke volume is defined as the difference between the EDV and the
ESV, and the EF is defined as (stroke volume/EDV)x100.

Six weeks after the initial surgery, all surviving animals underwent repeat MRI (n=9) as
described previously. For the Melody valve group, the proximal RUL and LUL flows were
acquired distal to the valve. Flow data also were acquired for the RUL branch of the RPA.

Statistical Analysis

Results

Summary statistics are reported as mean+SD. Because nearly all catheter- and MRI-derived
continuous variables are normally distributed (Shapiro-Wilk test for normality), parametric
analyses were used. Differences in MRI measures between the baseline group and the
Melody group were compared using paired t test (because these studies were on the same
patients). Differences in MRI measures between the baseline group and the non-Melody
group as well as differences between the Melody group and the non-Melody group were
compared using unpaired t test. Because there were no differences between the Melody and
non-Melody groups in the baseline hemodynamic variables obtained at cardiac
catheterization, differences between these 2 groups at terminal catheterization were
compared directly using unpaired t test. Statistical significance was established at P<0.05.
All statistical analyses were performed using STATA version 10 (STATA Corp, College
Station, TX) software.

Ten Dorsett hybrid sheep were enrolled in the study, with 9 surviving the entire protocol.
One animal in the Melody valve group died of hemorrhagic shock from a femoral arterial
bleed in the recovery room immediately after surgery. The 2 groups of animals (Melody
valve group, n=4; non-Melody valve group, n=5) were assessed by MRI and cardiac
catheterization 6 weeks after the initial surgery. The preoperative cardiac catheterization
(n=10) and MRI (n=5) were used as baseline control data for comparison.

Cardiac MRI Results

The cardiac MRI data are summarized in Figures 1 to 6. Six weeks after surgery, the mean
MPA pulmonary RF (PRF%) measured at the level of the pulmonary valve annulus was
significantly lower in the Melody valve group than in the non-Melody valve group (15+6%
versus 37+3%; P<0.001). Figures 1 and 2 graphically show the PRF% and the relative
contribution to the regurgitant volume made by each segment of the PA tree. In the Melody
valve group, the unprotected RUL was responsible for the majority (64%) of the regurgitant
volume measured at the MPA. The mean RUL RF was 81+20% (Figure 3A and 3B),
contributing a mean volume per heartbeat of 4.8+2.1 mL to the total regurgitant volume per
heartbeat of 7.5+4.0 mL in the MPA. The PA segments distal to the implanted Melody
valves contributed very little to the regurgitant volume (mean RPA regurgitant volume,
0.6+0.3 mL; mean LPA regurgitant volume, 0.7+0.2 mL) (Figure 2), leaving 1.4 mL per
heartbeat of regurgitant volume unaccounted for.
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There were differences noted in ventricular size and function between the groups. The
ventricular volumes for the RV and LV are shown in Figures 4 and 5, respectively.
Compared with indexed baseline values, the RV volume measurements were increased in
both the Melody and the non-Melody valve groups, with the non-Melody valve group
having the largest RV EDV and ESV versus baseline (P=0.001). The Melody valve group
had lower diastolic volumes compared to the non-Melody valve group (65.1+12 mL/m?
versus 81.6+9.8 mL/m2); however, the difference did not reach statistical significance
(P=0.087). The RV ESV was significantly lower in the Melody valve group than in the non-
Melody valve group (19.9+4 mL/m? versus 34.5+8 mL/mZ; P=0.019). In the LV, there were
no significant differences in the diastolic volumes; however, the ESV was significantly
higher in the non-Melody valve group (versus baseline, P=0.019; versus Melody valve,
P=0.023). The corresponding ventricular EFs (RVEF and LVEF) were lower in the non-
Melody valve group compared with both Melody valve and baseline values (Figure 6). The
non-Melody valve group mean RVEF was 58+6% (versus baseline, P=0.003; versus Melody
valve, P=0.05). The Melody valve group mean LVEF was significantly higher than that of
the non-Melody group (67+2% versus 49+10%; P=0.01).

Cardiac Catheterization Results

Animals in each group underwent cardiac catheterization for hemodynamic assessment
preoperatively (n=10) and again 6 weeks postoperatively at the time of the terminal MRI
(Melody valve group, n=4; non-Melody valve group, n=5). The hemodynamics are
summarized in Table. There were no significant differences in the baseline hemodynamics
between the Melody valve and non-Melody valve groups and no difference within the
Melody valve group at the terminal catheterization compared with baseline. However, there
were significant differences noted between the groups at the terminal catheterization
(Table).

The right- and left-sided filling pressures in the non-Melody valve group were significantly
elevated compared to those of the Melody valve group, as was the central venous pressure.
There was no significant difference noted in cardiac output.

In the Melody valve group, there was no significant difference noted in systolic pressure
between the MPA and the distal PAs (P=0.14), meaning that there was no gradient across
the implanted Melody valves. However, diastolic pressure distal to the valves was
significantly higher compared with the MPA (P<0.01). The pulmonary vascular resistance
(PVR) was higher in the Melody group, but the absolute values were within normal limits
(for humans) for both. Angiographically, the Melody valves appeared competent and
unobstructed (Figures 7 and 8).

Discussion

Despite remarkable advances in transcatheter pulmonary valve replacement, <20% of
patients with congenital heart disease who develop postoperative RVOT dysfunction
(pulmonary insufficiency and obstruction) are currently eligible for treatment with existing
approaches and technologies.1423 Patients with chronic pulmonary insufficiency after
surgical TAP repair of ToF are particularly underserved by existing techniques. In these
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patients, chronic regurgitation leads to massive dilation, dynamic distortion, and significant
morphological variability of the RVOT,%14.24 creating a truly inhospitable landing zone for
any device, and is therefore untreatable with currently available transcatheter
valves10.13.19.23 deployed in the usual position. Given this anatomic complexity, a single
approach (or single device) for transcatheter pulmonary valve replacement is unlikely to
work for all—or even most—patients, and the number of devices necessary to cover the full
range of RVOT morphologies is difficult to know. Using advanced imaging and finite
element analysis along with polymer models, Capelli et al?! described the development of a
novel device and its applicability to 5 morphological RVOT subtypes (derived based on real
patient data). They expanded this work beyond the theoretical realm by constructing a
patient-specific device that was subsequently implanted with good results.2? This approach
offers an exciting glimpse into what the future of percutaneous valve therapy may hold.
However, despite this promising work, we believe that RVOT morphological variability is
likely to remain a significant clinical challenge, especially because RVOT abnormalities
often are complicated by branch PA pathology#14.2> that frequently requires stent placement
for the alleviation of proximal stenosis. To maximize the number of available therapeutic
options, alternative strategies for treatment of pulmonary insufficiency and obstruction,
including unorthodox sites for valve implantation, should be pursued.

The purpose of the present study was to reproduce the RVOT dysfunction and asymmetry
encountered clinically and to test the effect that implantation of 2 Melody valves (1 into
each branch PA) would have on pulmonary regurgitation into the RV. We accomplished 2
main goals. First, we demonstrated that RVOT dilation and distortion consistent with TAP
repair of ToF could be reliably mimicked with our animal model. Second, we showed that
Melody valve implantation into the right and left branch PAs resulted in a significant
reduction in pulmonary regurgitation, with preserved biventricular function demonstrated by
MRI and catheterization.

When compared with the non-Melody valve group, animals in the Melody valve group had
significantly less PRF% (P=0.001) and, as a result, had less RV dilation. It seems obvious
that the insertion of Melody valves into the branch PAs—unorthodox though it may be—
was responsible for this finding. In other words, the Melody valves reduced PRF% by virtue
of being “valves.” However, there are other potential explanations for the difference, but
none that are easily assessed. For example, it is possible that the RV compliance and
impedance to forward flow through the pulmonary vasculature (estimated by PVR),26:27
were higher in the non-Melody valve group. RV compliance was not quantified in this
study, and PVR calculation in the non-Melody valve group was confounded by severe
pulmonary insufficiency and, therefore, likely underestimated. Thus, we cannot definitively
comment on their effect.

In addition to the reduced PRF%, we also found that the systolic function of both the RV
and the LV was better in the Melody valve group as assessed by MRI (Figure 6).
Furthermore, catheter measurements demonstrated that the animals in the Melody group had
lower filling pressures on both the right and the left sides of the heart. The non-Melody
valve animals had higher end diastolic pressure (wedge pressure) with no significant
difference in EDV, suggesting that the LV was considerably less compliant (ie, stiffer) than
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in the Melody group. The higher PRF% in these animals also had an adverse impact on LV
systolic function. Although the exact mechanism is unclear, 1 theory pertaining to the RV-
LV interaction in patients with ToF is that LV contractile performance is diminished by
leftward displacement of the ventricular septum. Septal displacement reduces LV preload
and thus the recruitable stroke work, resulting in diminished contractility.28 In the present
study, the LVEF was significantly lower in the non-Melody valve group, even though the
LV diastolic volume did not differ significantly. Therefore, a reduced preload recruitable
stroke work based on a diminished LV diastolic volume does not completely explain
reduced LVEF. Perhaps, RV dilation contributed to LV systolic dysynchrony, as has been
described in the echocardiographic literature.29 We are unable to comment of the issue of
mechanical dysynchrony because it was beyond the scope of our study.

There were significant limitations encountered in this study, mostly due to the anatomic
constraints of the ovine PA tree. Specifically, the segmental arteries supplying the RUL and
LUL originate proximally from their respective source vessels. Because of these constraints,
implantation of the Melody valves resulted in exclusion of the LUL artery in all animals. We
decided to leave the RUL unguarded by the Melody valves to a variable degree in each
animal for fear that if we jailed both upper lobes completely with the covered Melody
device, the animals would have inadequate effective PBF and, thus, might not survive. The
end result of this strategy was that the PA branch to the RUL was unprotected and, thus, was
subject to increased regurgitation relative to the PA tree distal to the Melody valves (mean
RUL RF, 81%) (Figure 3A). The amount of regurgitation at the MPA correlated
significantly with the reverse flow from the RUL. If one controls for this RUL reverse flow
volume by subtracting it from the total reverse flow measured at the level of the pulmonary
valve, the mean RF% decreased dramatically to 4%—a trivial amount.

In an ideal setting, all segments of the PA arterial tree would be distal to the valve, and the
covered frame of the implanted device would exclude no arterial segments. This strategy
was not possible with the current technology in our ovine model, but it is one that we are
exploring. Human postoperative anatomy is more variable, but comparatively, it may be
more forgiving in terms of the size, shape, and length of the proximal branch PA landing
zone. It is conceivable, that branch PA implantation of the current generation of Melody
valves is achievable in humans now, without detrimental exclusion of segmental PA
branches.

A question that remains to be answered is the long-term fate of the MPA segment distal to
the native annulus and proximal to the branch PA Melody valves. Our study was limited to a
follow-up period of 6 weeks, so we were unable to make any meaningful conclusions in this
regard. We found that even preoperatively, the MPA segment was dynamic in nature, with
its size changing dramatically in systole and diastole. It would seem to act as a capacitance
vessel that dilates and “charges” in systole and then shrinks as it “discharges” in diastole.
Some of the discharged volume goes forward into the PAs, and in the absence of a
functioning native pulmonary valve, some goes backward into the RV as pulmonary
regurgitation. If the branch PA valves are functioning appropriately and all lung segments
are distal to the valves themselves, this volume of blood should be the only source of reverse
flow. We did not directly measure this “MPA capacitance volume”; however, by subtracting
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out reverse flow from the RUL from the reverse flow at the native pulmonary annulus, we
found that it is a trivial amount. That said, it is possible that ongoing insufficiency from the
MPA, even in small amounts, will lead to progressive dilation of that segment with
increasing amounts of regurgitation and eventually to enlargement of the RV. Longer-term
follow-up is needed to fully understand the implications of this phenomenon.

This study was an acute experiment to test the feasibility of implantation and short-term
effects of branch PA Melody valves. As such, we are unable to say anything about the
potential for RV remodeling in patients with chronic postoperative pulmonary insufficiency.
In addition, we cannot comment on the durability of the Melody devices when deployed into
this position.

Conclusions

In this study, we accurately modeled postoperative RVOT dysfunction and distortion
following TAP repair and demonstrated the feasibility and potential benefits of Melody
valve implantation into the proximal RPA and LPA. This strategy may be an alternative
approach to surgical valve replacement in patients with pulmonary insufficiency after TAP
repair of ToF in whom anatomic complexity precludes orthotopic percutaneous valve
replacement.

There is ongoing, worldwide interest in developing devices and strategies to treat these
complex issues percutaneously. Further study using anatomically appropriate preclinical
models to design and evaluate new approaches to this vexing issue is warranted.
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CLINICAL PERSPECTIVE

Pulmonary insufficiency and consequent right ventricular dilation and dysfunction are
common and important problems after transannular patch repair of tetralogy of Fallot.
Transcatheter pulmonary valve therapy has provided a means of treating postoperative
right ventricular outflow tract dysfunction (pulmonary insufficiency and obstruction)
with less morbidity than standard surgical pulmonary valve replacement. However, most
patients with chronic pulmonary insufficiency after transannular patch repair of tetralogy
of Fallot are ineligible for treatment with the current approaches and technologies
because of severe right ventricular outflow tract dilation and distortion, which develops
over time, often with concomitant branch pulmonary artery pathology. This anatomic
complexity makes it technically impossible to implant currently available and approved
valves in the orthotopic (usual) pulmonary position through a transcatheter approach, and
therefore, surgery is required to restore pulmonary valve competence. The purpose of this
study was to explore alternative locations within the pulmonary arterial tree for valve
implantation. We demonstrated that Melody valve insertion in the branch pulmonary
arteries was feasible and effective at reducing pulmonary insufficiency and had a
favorable effect on both right and left ventricular function in the short term. We currently
are investigating the effectiveness of this approach in a chronic model. The ultimate goal
of this project is to expand the choices that are available to clinicians charged with
treating these complex patients.
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Figure 1.
The RF [RF=(reverse flow/forward flow)x100] measured at various locations in the ovine

PA tree 6 weeks after the initial surgery. Baseline indicates preoperative (control) animals.
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Melody vs Non-Melody (p <0.001)
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Figure?2.
The volume of reverse flow per heartbeat from each PA segment. In the Melody valve

group, the majority of reverse flow measured in the MPA originated from the RUL.
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Figure 3.
A, A schematic representation of the Melody valve group. Each animal underwent bilateral

branch PA Melody valve implantation and surgical pulmonary valve resection with TAP
placement. The mean PRF% from each arterial segment measured 6 weeks postoperatively
is shown. The unprotected RUL artery had an PRF% of 81%. B, A schematic representation
of the non-Melody valve group animals and mean PRF% from each arterial segment. Patch
indicates TAP; regurgitant fraction%, mean PRF measured at each location in the PA tree
assessed by MRI.
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Figure4.

The RV diastolic and systolic volumes measured in the unoperated animals (baseline) and
then again 6 weeks postoperatively in the Melody and non-Melody valve groups.
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Figureb5.

The LV diastolic and systolic volumes measured in the unoperated animals (baseline) and
then again 6 weeks postoperatively in the Melody and non-Melody valve groups.
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Figure6.

The RVEF and LVEF measurements made by cardiac MRI assessment at baseline and then
again 6 weeks postoperatively.
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Figure7.
MPA angiogram taken 6 weeks after bilateral Melody valve implantation in 2 separate

animals shows 1 device positioned within each branch PA. The stars mark the Melody
valves.
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Figure 8.
Bilateral branch pulmonary arteriograms taken 6 weeks after Melody valve implantation into

the right and left branch PAs, respectively. The contrast injection is distal to the valves,
revealing no regurgitation.
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Terminal Catheterization Data

Table

Variable Non-Melody Valve Group (n=5) Melody Valve Group (n=4) P
Aortic systolic pressure, mm Hg 138.2+16.8 133+17.6 0.67
Aortic diastolic pressure, mm Hg 106+12.8 92.5+7.7 0.06
Aortic mean pressure, mm Hg 119+14 108+9.1 0.21
Heart rate, bpm 105+9.1 91+12.4 0.08
MPA systolic pressure, mm Hg" 32.8£3.6 2946.3 0.28
MPA diastolic pressure, mm Hg” 18417 6.3+3 0.0001
MPA mean pressure, mm Hg" 24.6+0.9 16.746.1 0.02
LPA systolic pressure, mm Hg 32.8£3.6 26.5+7.1 0.13
LPA diastolic pressure, mm Hg 18.4+1.7 14.5+3.1 0.046
LPA mean pressure, mm Hg 24.6+£0.9 18.8+5.4 0.048
RLL systolic pressure, mm Hg 32.8+3.6 26.5+8.1 0.16
RLL diastolic pressure, mm Hg 18.4+1.7 15.3+4.3 0.18
RLL mean pressure, mm Hg 24.6+£0.9 20+5.5 0.102
PCWP mean, mm Hg 19.4+1.9 12+4.5 0.01
RV systolic pressure, mm Hg 38.242.2 30.546.1 0.03
RV diastolic pressure, mm Hg 15.6+4.8 5.8+2.5 0.007
RA pressure mean, mm Hg 18.2+2.5 9.8+4.1 0.006
Cardiac output, L/min 3.8+1 3.3+0.5 0.42
PVR, Wood units 1.4+0.3 2.1+04 0.04
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The hemodynamic data (mean+SD) from the terminal catheterization procedure, which was performed 6 weeks after the initial surgery. There were
no significant differences in the baseline hemodynamics at the preoperative catheterization between the 2 groups. PCWP indicates pulmonary

capillary wedge pressure; RLL, right lower lobe; RA, right atrium.

*
The RUL arterial pressures were the same as the MPA in the non-Melody group.
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