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Aim is to report on the results of an optimized balloon filling algorithm and suggest a
refinement of the implantation approach to maximize safety. Appropriate sizing of balloon
expandable valves during transcatheter aortic valve implantation is crucial. Study com-
prised 370 consecutive patients receiving SAPIEN 3 valve between 2015 and 2018. Valve
expansion/recoil measurement in the inflow area, annular area, and outflow area was
performed previously and postimplantation. Nominal balloon filling resulted in underex-
pansion—23 mm (20.96 mm), 26 mm (23.88 mm), and 29 mm (27.56 mm) SAPIEN 3 valves
at the annular level. Increased balloon filling by 2 cc resulted in a gradual increase in valve
diameter reaching 97.35% (23 mm), 96.50% (26 mm), and 96.11% (29 mm) of the nominal
valve diameter. Final diameters were usually higher in the valvular inflow and outflow
tracts. The 29 mm valve did not reach its nominal diameter with 2 cc overfilling and in
none of inflow area (95.48%), annular area (96.11%), or outflow area (96.86%). Device
success (by VARC II) was 96.2%. No root or septal rupture, device migration, mitral valve
injury, coronary obstruction, or dissection occurred. Rate of new permanent pacemaker
implantation was 8.3%. Paravalvular leakage was none or trace in most patients. Mean
valve gradient was 10.77 mm Hg postprocedure. 1.9% of the patients had a maximum
gradient of >40 mm Hg, 2.2% >20 mm Hg. In conclusion, an optimized balloon filling
algorithm resulted in appropriate valve gradients, low levels of paravalvular leakage, low
rates of permanent pacemaker implantation and no annular rupture. © 2020 Published
by Elsevier Inc. (Am J Cardiol 2020;134:108−115)
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Appropriate sizing of balloon expandable valves during
transcatheter aortic valve replacement (TAVR) is crucial.
An oversized prosthesis valve may result in conduction
disturbances requiring permanent pacemaker implantation
(PPI), coronary obstruction, peri-aortic hematoma, mitral
valve injury, septal, or root rupture.1−4 Undersizing may
result in paravalvular leakage (PVL).2,5−8 As the inflow,
annular and outflow areas of the aortic valve may differ in
their size and the degree of calcification, a valve may even
be oversized, appropriately sized or undersized at any level.
Rather than choosing the prosthesis valve size based on the
nominal valve area as commonly performed, it may make
more sense to gradually adjust the filling of the implantation
balloon which will result in varying degrees of valve expan-
sion to accommodate different patient aortic annular areas
and dimensions. We assumed that gradually adjusting the
balloon filling volume based on procedural angiography
may help to identify an appropriate valve expansion mini-
mizing the risk of PVL, PPI, and annular rupture alike. The
aim of the present manuscript, therefore, is to report on the
results of an optimized balloon filling algorithm and suggest
a refinement of the implantation approach in an attempt to
maximize patient safety.
Methods

We used the prospective TAVI-Karlsruhe registry of
consecutive patients who underwent TAVR in our institu-
tion between 2015 and 2018 as the basis for this analysis.
Design characteristics of this registry have been published
previously.9−11 The local Ethics Committee approved the
study and patients gave informed consent.

Patients included in this study had been diagnosed with
severe symptomatic aortic stenosis and been assigned to
undergo TAVR by the Karlsruhe Heart Team. The 2 princi-
ple criteria used to determine suitability for TAVR in our
institution were a logistic EuroSCORE of ≥15 or age
≥75 years with a logistic EuroSCORE of <15. The pres-
ence of additional co-morbidities not considered in the
EuroSCORE, such as malignancy (but with a life expec-
tancy of more than 1 year), liver cirrhosis, severe pulmo-
nary disease with long-term provision of oxygen, frailty,
and porcelain aorta were also evaluated. In addition, we
considered patients who were unwilling to undergo surgical
aortic valve replacement. An unsuitable native aortic valve
annulus was a contraindication for TAVR, as was a life-
expectancy or quality-of-life that was seriously affected by
co-morbidities (such as dementia with disability, a previous
major stroke, uncontrolled congestive heart failure, or

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.07.058&domain=pdf
mailto:g.schymik@gmx.de
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2020.07.058


Table 1

Patient characteristics at baseline (n = 370 patients)

Variable mean§SD / %

Age (years) 83.6 § 5.4

Men 56.8%

Left ventricular ejection fraction (%) 55.6 § 13.6

New York Heart Association III/IV 94.5%

Coronary artery disease 61.3%

Chronic obstructive pulmonary disease (moderate/severe) 21.5%

Peripheral arterial disease 10.3%

Previous myocardial infarction, (<90 days) 9.2%

Major neurological deficits 14.8%

Carotid artery stenosis 8.2%

Pulmonary hypertension (moderate/severe) 23.8%

Renal failure (including dialysis) 17.3%

“Porcelain” aorta 11.1%

Previous coronary artery bypass grafting 10.3%

Previous valve surgery 0.8%

Frailty 8.6%

Mitral valve disease (>II˚) 16.5%

Log. European System for cardiac operative

risk evaluation I

29.3 § 1.3
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cardiogenic shock). All consecutive patients were consid-
ered for our study if they had an appropriate Computed
Tomography data for valve size determinations. Patients in
which the valve/frame was not rectangular to the imaging
plane were excluded.

We analyzed the actual expansion of 370 SAPIEN 3 (S3)
implantations (valve size: 91£ 23 mm, 161£ 26 mm, and
118£ 29 mm) using angiography during/postimplantation.
The inflow area (IFA), the tightest narrowing at the height
of the annulus (annulus area [AA]) and the outflow area
(OFA) were determined (Philipps, Heart Navigator, Release
7.3). Angiographic calibration was performed with the
maximum filled S3 implantation balloon in an orthogonal
view using the inner diameter of the outer marker under the
S3 (using the Allura Xper FD20C, Release 7.2). Measure-
ment of the valve expansion/recoil was performed before
postdilation of the implanted valve and at the end of the
procedure. In case the angiography determined that the arti-
ficial valve diameter was smaller than the diameter of the
native valve, postdilation was performed to reduce PVL in
case of any leakage. For this purpose the same balloon was
used with added 1 or 2 cc of saline.

We defined oversizing as a prosthesis valve area that is
larger than the patient aortic valve area. Overfilling was
defined as a more-than-nominal filling of the implantation
balloon. Overexpansion was defined as an expansion of the
valve beyond its nominal diameter and area. Undersizing,
underfilling, and underexpansion were defined as the opposite
of the aforementioned terms.

Categorical variables are presented as absolute numbers
with frequencies (%) and were compared using the Chi-
square test (or Fisher’s exact test where appropriate). Con-
tinuous variables were compared using the student’s t test
or Wilcoxon rank sum test. Pairwise results were corrected
using the Bonferroni−Holm−Shaffer procedure for multi-
ple comparisons. An analysis of variance was used for mul-
tiple comparisons of continuous variables in groups, using
the Games−Howell as a post hoc test. Pearson correlation
coefficients were applied to associate the annular area with the
valve expansion. All tests were 2-sided and a p-value of <0.05
was considered statistically significant. Data analysis was con-
ducted using SPSS version 20 (IBM, Chicago, Illinois).
Results

The mean patient age was 83.6 years, 56.8% were male,
and the mean surgical risk based on the logistic Euro-
SCORE I of 29.3%. Further patient characteristics and
comorbid conditions are presented in Table 1.

Of the 370 patients included in this study, 91 patients
received a 23 mm valve, 161 patients a 26 mm valve, and
118 patients a 29 mm valve. The implantation procedure
started with underfilling of the balloon in 148 patients, nor-
mal filling in 137 patients, and overfilling of the balloon in
85 patients (p < 0.001) (Table 2). Postdilation of the
implanted valve was performed in 23.0% patients (28.6%
of 23 mm vs 19.9% of 26 mm vs 12.7% of 29 mm valve,
p = 0.006); 71 patients were treated with 1 postdilation and
14 patients received postdilation twice. At the end of the
procedures, overfilled balloons (at the start or postdilation)
were used in 116 (31.4%) patients (41.8% of 23 mm vs
28.0% of 26 mm vs 28.0% of 29 mm valve, p = 0.048).

Recoil of valves (Table 3) after implantation was 0.52 mm
in IFA, 0.70 in the AA, and 0.69 in OFA (p < 0.001 respec-
tively). In absolute terms, recoil was smaller with 23 mm
valves compared with the 26 mm and 29 mm valves, but
comparable as a proportion of the nominal valve diameter.

The 23 mm valve reached 97.35% of its nominal diame-
ter in the AA, only if the balloon was filled with 2 cc more
than its nominal filling (Table 4, Figure 1). At nominal fill-
ing it reached a mean diameter of 20.9 mm. The diameter
was gradually adjusted to accommodate desired diameters
of as little as 19.30 mm by 2 cc underfilling. With 2 cc over-
filling, the 23 mm valve reached 100% of its nominal value
in the IFA and the OFA. The same pattern was true for
the 26 mm valve. It reached 96.50% of its desired diame-
ter in the AA whereas desired diameters were reached in
IFA and OFA (99 and 100%, respectively). Within a
range of �2 cc and up to +2 cc, it was able to accommo-
date desired sizes between 22.75 and 25.09 mm in the AA,
13.95 and 25.79 mm in the IFA, and 24.00 to 26.03 mm in
the OFA. The 29 mm valve, however, did not completely
reach its desired diameter even with 2 cc overfilling and in
none of IFA (95.48%), AA (96.11%), or OFA (96.86%). It
was able to accommodate desired sizes between 25.79 and
27.87 mm in the AA, 27.21 and 27.69 mm in the IFA, and
27.26 to 28.09 mm in the OFA.

Figure 2 illustrates the relation between the valve expan-
sion after implantation and the annular area with a Pearson
correlation coefficient of 0.898 (p < 0.001). The set of 23,
26, and 29 mm valves were able to span a desired range
between 18 and 29 mm as determined by balloon inflation.
As such, annular areas requiring diameters between 18 and
29 mm were suited.

Device success, defined by VARC II, was 96.2%. No
root or septal rupture, device migration, mitral valve
injury, coronary obstruction, or dissection occurred. A
total of 45 of the 370 patients had a pacemaker before the



Table 2

Procedural characteristics (n = 370 patients)

Total Valve size (mm) p-value

23 26 29

Annulus area n.a. 385.26 § 27.82 488.03 § 35.39 605.33 § 37.49 <0.001
Predilation 70/370 18/91 (19.8%) 27/161 (16.8%) 21/118 (17.8%) 0.711

First balloon filling

Underfilling 148/370 27/91 (29.7%) 73/161 (45.3%) 48/118 (40.7%) 0.050

Normal filling 137/370 36/91 (39.6%) 58/161 (36.0%) 43/118 (36.4%) 0.844

Overfilling 85/370 28/91 (30.8%) 30/161 (18.6%) 27/118 (22.9%) 0.088

Postdilation 85/370 31/91 (34.1%) 39/161 (24.2%) 16/118 (13.6%) 0.001

One dilation 71/85 26/91 (28.6%) 32/161 (19.9%) 13/118 (12.7%) 0.006

Two dilations 14/85 6/91 (6.6%) 6/161 (3.7%) 2/118 (1.7%) 0.184

No postdilation 285/370 60/91 (65.9%) 122/161 (75.8%) 102/118 (86.4%) 0.001

Overfilling (pre- or post- dilation) 116/370 38/91 (41.8%) 45/161 (28.0%) 33/118 (28.0%) 0.048

Start of implantation was with normal filling 137/370, underfilling 148/370, overfilling 85/370 (<0.001).

Table 3

Valve recoil (n = 468 measurements in 370 patients)

Total 23 mm (n = 129) 26 mm (n = 204) 29 mm (n = 135) p-value across valve sizes

Recoil IFA (mm) 0.52 § 0.48 (p <0.001) 0.45 § 0.39 (p <0.001) 0.51 § 0.50 (p <0.001) 0.62 § 0.51 (p <0.001) 0.014

2.0% 2.0% 2.1%

Recoil AA (mm) 0.70 § 0.47 (p <0.001) 0.66 § 0.40 (p <0.001) 0.70 § 0.51 (p <0.001) 0.74 § 0.48 (p <0.001) 0.363

2.9% 2.7% 2.6%

Recoil OFA (mm) 0.69 § 0.49 (p <0.001) 0.66 § 0.49 (p <0.001) 0.71 § 0.51 (p <0.001) 0.70 § 0.48 (p <0.001) 0.669

2.9% 2.7% 2.4%

AA = annulus area, tightest narrowing at the height of the annulus; IFA = inflow area; OFA = outflow area.

Table 4

SAPIEN 3 Expansion (n = 450 measurements in 370 patients)

-2 cc filling -1 cc filling Nominal filling +1 cc filling +2 cc filling p-value

23 mm (n = 5) (n = 27) (n = 48) (n = 34) (n = 14)

IFA (mm) 20.56 § 0.86 21.34 § 0.50 21.97 § 0.64 22.40 § 0.53 23.01 § 0.48 <0.001
(of nominal) 89.39% 92.78% 95.52% 97.39% 100.04%

AA (mm) 19.30 § 0.45 20.17 § 0.78 20.96 § 0.65 21.65 § 0.59 22.39 § 0.50 <0.001
(of nominal) 83.91% 87.70% 91.13% 94.13% 97.35%

OFA (mm) 20.50 § 0.34 21.32 § 0.83 21.84 § 0.62 22.55 § 0.59 23.12 § 0.45 <0.001
(of nominal) 89.13% 92.70% 94.96% 98.04% 100.52%

26 mm (n = 39) (n = 42) (n = 66) (n = 38) (n = 16)

IFA (mm) 23.95 § 0.72 24.68 § 0.92 24.71 § 0.78 25.07 § 0.54 25.79 § 0.69 <0.001
(of nominal) 92.12% 94.92% 95.04% 96.42% 99.19%

AA (mm) 22.75 § 0.69 23.73 § 0.89 23.88 § 0.77 24.48 § 0.63 25.09 § 0.77 <0.001
(of nominal) 87.50% 91.27% 91.85% 94.15% 96.50%

OFA (mm) 24.00 § 0.70 24.82 § 0.85 24.94 § 0.74 25.51 § 0.72 26.03 § 0.74 <0.001
(of nominal) 92.31% 95.46% 95.92% 98.12% 100.12%

29 mm (n = 22) (n = 20) (n = 46) (n = 19) (n = 14)

IFA (mm) 27.21 § 0.66 27.72 § 0.57 27.69 § 0.75 28.36 § 0.94 27.69 § 0.75 <0.001
(of nominal) 93.83% 95.59% 95.48% 97.79% 95.48%

AA (mm) 25.79 § 0.55 26.51 § 0.36 26.74 § 0.70 27.56 § 0.87 27.87 § 0.63 <0.001
(of nominal) 88.93% 91.41% 92.21% 95.03% 96.11%

OFA (mm) 27.26 § 0.72 27.89 § 0.60 28.09 § 0.74 28.59 § 0.69 28.09 § 0.74 <0.001
(of nominal) 94.00% 96.17% 96.86% 98.59% 96.86%

There were 18 implantations with -3 or +3/+4 that are not described in this table.
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procedure (12.2%) and 27 of 325 (8.3%) received a
new PPI thereafter. PVL was either none or trace in the
majority of patients after the procedure, with 1 patient
receiving a 29 mm valve being classified as suffering
from mild regurgitation (0.3% of all patients). Rates of
PVL marginally increased by day 30 (1.3% mild or
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Figure 1. Mean SAPIEN 3 expansion at the narrowest point (AA); n = 468.

Figure 2. Mean valve expansion at the narrowest point. Pearson correlation coefficient 0.898 (p <0.001); mean annular area 495.23 § 89.11 mm2; mean

expansion in AA 23.99 § 2.41 mm; n = 300 implantations, n = 383 SAPIEN 3-expansion values.
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moderate) and 1 year (3.3% with mild or moderate); no
severe regurgitation was observed (Table 5).

The mean valve gradient was 10.77 mm Hg after the pro-
cedure with a mean maximum of 20.8 mm Hg (Table 6).
Overall, 1.9% of the patients had a maximum gradient of
>40 mm Hg and 2.2% had a mean gradient of >20 mm Hg.
Gradient slightly varied at 30 days and 1 year, but without a
clinically meaningful impact on the rates of increased mean
or maximum pressure gradients in a critical range. For the
12 patients who had a high Pmax and/or Pmean at 1 year,
valve sizes were equally represented (n = 4 for each valve).
Discussion

There has been a long-standing interest in appropriate
expansion of the SAPIEN valve family. Barbanti et al12

reviewed the effects of underexpansion of the SAPIEN XT
(accomplished by underfilling of the implantation balloon



Table 5

Aortic valve regurgitation (n = 370)

AI I˚ (mild) AI I−II˚ (mild-moderate) AI II˚ (moderate)

Angiography postprocedure

23 mm (n = 91) 10 (10.0%) 0 0

26 mm (n = 161) 5 (3.1%) 0 0

29 mm (n = 118) 3 (2.5%) 1 (0.8%) 0

Total (n = 370) 18 (4.8%) 1 (0.3%) 0

Echo 30 days

23 mm (n = 78) 20 (25.6%) 0 1 (1.3%)

26 mm (n = 132) 11 (8.3%) 1 (0.8%) 2 (1.5%)

29 mm (n = 97) 8 (8.2%) 0 0

Total (n = 307) 39 (12.7%) 1 (0.3%) 3 (1.0%)

Echo 365 days

23 mm (n = 72) 21 (29.2%) 2 (2.8%) 0

26 mm (n = 115) 9 (7.8%) 1 (0.9%) 4 (3.5%)

29 mm (n = 87) 7 (8.0%) 1 (1.1%) 1 (1.1%)

Total (n = 274) 37 (13.5%) 4 (1.5%) 5 (1.8%)

Table 6

Gradients (n = 370)

mean § SD Pmax >40 mm Hg Pmean >20 mm Hg

Postprocedure/discharge (n = 363)

Pmax (mm Hg) 20.8 § 9.1 7 (1.9%)

Pmean (mm Hg) 10.77 § 4.8 8 (2.2f%)

30 days (n = 363)

Pmax (mm Hg) 19.8 § 7.2 5 (1.4%)

Pmean (mm Hg) 10.3 § 3.8 6 (1.6%)

365 days (n = 273)

Pmax (mm Hg) 18.9 § 7.5 10 (2.7%)

Pmean (mm Hg) 11.3 § 4.3 7 (1.9%)
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by 10%) in patients with high-risk features or anatomies.
The study compared the results of implantations with
underfilled balloons to patients with nominal balloon
expansion and found no differences in the echocardio-
graphic area, paravalvular regurgitation, and in-hospital
outcomes. Postdilation, however, was required in 10.6%
of patients with an initially underexpanded valve com-
pared with 4.6% of patients with nominal expansion. The
approach and the outcomes of Barbanti are in line with our
strategy of underexpansion when needed. Although Bar-
banti regarded nominal filling as nominal expansion, how-
ever, we found that valves do not open completely with
nominal filling but require 2 cc overfilling to achieve this.

Shivaraju et al13 investigated whether overexpansion of
the S3 valve would result in an improved valve seal and
reduced rates of PVL. Valves for patients with annuli in the
border zone between 2 valve sizes were intentionally
‘overexpanded’ by overfilling of the deployment balloon.
They saw no central insufficiency in any of their 130 patients
treated according to their suggestion. They believed that
with this strategy an annulus size of up to 740 mm2 with a
mean diameter of 31 mm can be treated safely depending on
the stiffness and degree of calcification of the native valve
and annulus. We partially disagree with their conclusions. In
contrast to their data, we implanted, for example, a 23 mm
valve 14 times with 2 cc overfilling which resulted in a mean
annular area of 393.5 mm2 based on a mean diameter of
22.39 mm. This is smaller than the 430 mm2 in the annular
plane they measured in one of their patients. Thus, we would
not consider overfilling the implantation balloon for a
23 mm valve with 2 cc as overexpansion. Furthermore, we
believe that actual overexpansion of a valve may compro-
mise valve integrity and do not pursue this strategy. In addi-
tion, we do not think that implanting a 29 mm valve into a
31 mm annular ring is feasible because of overexpansion of
the valve, which should be avoided in any case. The 29 mm
valve may be adequate for these patients in case the native
valve above the annulus is heavily calcified and because the
left ventricular outflow tract (LVOT) may be smaller than
the annulus and thus anchor the valve.

From an analysis of the PARTNER II data, Blanke et
al14 suggested that actual oversizing may be a feasible
strategy with the S3. Their definition subtracted the
3-dimensional annular area from the transcatheter heart
valve (THV) nominal area to determine oversizing. They
concluded that oversizing, based on their definition, was
a feasible approach to reduce PVL without compromising
safety. Based on our own data, which demonstrated
underexpansion of the valve with nominal filling of the
balloon, we speculate that Blanke et al actually described
a strategy to overfill the balloon and arrived at nominal
expansion but not overexpansion and, thus, not oversiz-
ing. Pellegrini et al1 had the same misconception as they
took the prosthesis nominal area and regarded any value
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Figure 3. Implantation algorithm. LVOT, left ventricular outflow tract; PVL, paravalvular leak.
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above the patient aortic annular area as indicative of
oversizing.

As opposed to the strategy of previous authors we foster
no general strategy of overexpansion. We suggest that each
patient anatomy, degree, and location of calcification and
selected valve size needs a tailored with potentially step-
wise balloon filling, in an effort to arrive at the appropriate
expansion of the selected valve. We suggest that the
achieved valvular area should always be determined and
compared with the valvular area of the native valve. A pure
reference to the nominal opening area of the selected valve
appears not to be appropriate.

We also documented that the valve diameter in both the
in- and outflow of the valve is higher across valve sizes and
balloon filling volumes than in the annular area, which is a
well-documented phenomenon for the SAPIEN and, partic-
ularly, the SAPIEN XT valves.13,15 This may be the result
of the higher recoil of the valve after implantation which
was generally highest compared with the in- and outflow
tract. The recoil itself is potentially determined by the more
rigid structure of the annular ring, which may have an elas-
tic component moving back toward the center of the valve.
This observation was also documented by Shivaraju et al13

who observed the in- and out-flow part of the overexpanded
S3 valves to be flared and reaching the maximum diameter,
which is about 10% larger by area than the stated nominal
size of the THV.

None of the authors observed relevant complications
with their strategy and no annular ruptures were observed
in any of the case series reported.1,12−14 This is less surpris-
ing but not exactly reassuring as Barbanti reported his
results based on a group of 47 patients and Shivaraju
included “more than 30 patients with initial deliberate over-
expansion of the THV and 100 patients with subsequent
postdilation of a nominally deployed valve.”13 Taking into
consideration that annular ruptures occurs in 0.6% of
patients who underwent valve implantation, it makes the
observation of such an untoward event extremely unlikely
in small case series.4 Larger case series, such as our study
with 370 documented patients and the study by Blanke et
al14 that reported the events in 835 patients, add to these
investigations, where approximately 3 and 5 cases, respec-
tively, of annular ruptures would be expected.

Increased rates of PPI may be an additional concern after
prosthesis oversizing. Pellegrini et al1 observed increased
PPI rates with oversizing and concluded that there is no
ideal range of oversizing to minimize both device failure
and PPI. Seth et al16 suggested that selective balloon-over-
filling, rather than choosing a larger valve size, may be an
appropriate strategy to confine rates of PPI. With our
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strategy, we observed a PPI rate of 8.3% for a series of
cases performed between 2015 and 2018. This is low com-
pared with a number of case series specifically looking at
PPI rates with the S3, which observed rates between 14.4%
and 20.4%. 17−23 Beyond oversizing being identified as one
of the variables associated with increased PPI rates, preex-
isting conduction disturbance, aortic valve calcification,
and implantation depth have been identified as further rele-
vant variables that are unrelated to the expansion of valves.

Based on the reported experience we developed an
Implantation Algorithm (Figure 3) that serves to optimize
the THV size, reduce the risk of PVL, PPI, and annular rup-
ture. As a first step, the annular area, the supraannular area
and the LVOT dimensions are obtained. If calcification is
found in the annular ring or LVOT this is a concern, as cal-
cification cannot be displaced and will be pushed into the
annular ring wall with the potential for rupture. Calcifica-
tion only at the leaflet edges has no impact on the implanta-
tion procedure with normal but not shallow sinus. If there is
no annular/LVOT calcium, the annulus can be oversized by
20% and the LVOT by 30%. For example, a patient with an
annular area of 420 mm2 would receive a 23 mm valve
straight with a higher filling volume, as the valve will not
expand properly with nominal filling. In case of annular cal-
cification and an annular area of, for example, 360 mm2,
implantation will be more cautious. In a first step the bal-
loon would be underfilled by 1 to 2 ml. Following these ini-
tial steps, the implantation result is inspected. If there is no
PVL and no gradient the procedure is regarded complete.
Should there be a PVL, the size of the valve is determined.
If the expansion of the valve matches the previously deter-
mined valve area it will not be postdilated. If, however,
the valve expansion is below the previously determined
valve area it will be postdilated (even in the presence of
calcium) to minimize PVL; the additional filling volume is
dependent on the available space and may even be performed
in 2 steps.
Conclusion

In conclusion, expansion of the S3 valve is highly depen-
dent on the filling volume of the implantation balloon. At
nominal filling, the difference to the normal size is 7.8% to
8.9%. Only when the implantation balloon is overfilled by
2 cc does the S3 valve almost reaches nominal size. An
optimized balloon filling algorithm resulted in appropriate
valve gradients and low levels of PVL, low rates of PPI and
no annular rupture.
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