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Optimizing Valve Sizing in
Balloon-Expandable Transcatheter
Aortic Valve Replacement*
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It is in this arena that the papers in this issue of

(TAVR) is a mature technology for the treat-

aortic

valve
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ment of patients with severe aortic stenosis.

et al. (6) and Huchet et al. (7) seek to introduce some

However, despite excellent trial and “real-world” re-

objective data. Using systematic overexpansion of the

sults, operators and investigators continue to ﬁnd

SAPIEN-3 (S3) series of valves (Edwards Lifesciences,

ways to improve. One such opportunity is to more pre-

Irvine, California), Sathananthan et al. (6) analyzed

cisely size the limited selection of valves speciﬁcally

gross valve morphology and hydrodynamic function.

for each patient. On the basis of the clinical data and

After overexpansion, they found that all valves had

experience thus far, it is clear that some degree of

restricted leaﬂets; there was worse hydrodynamic

valve “oversizing” in comparison to the measured

function, with regurgitation noted for the over-

annulus size is necessary for an optimal valve result

expanded 23- and 26-mm valves, but not for the 29-

with little or no paravalvular aortic regurgitation

mm valves; and the 26-mm valves demonstrated

(PAR) (1). On the other hand, too generous a degree

leaﬂet disruption. Further, compliant balloon post-

of oversizing increases the risk of complications,

dilation (as used for the 29-mm valves) resulted in

including pacemaker implantation, coronary obstruc-

asymmetric valve frame expansion (inﬂow and

tion, annular trauma/rupture, and leaﬂet thrombosis

outﬂow > mid-valve), whereas non–compliant balloon

(2–4). To further minimize these complications,

dilation (for the 23- and 26-mm valves) resulted in

operators must take in to consideration, not only the

symmetrical dilation. Huchet et al. (7) studied 6

degree of oversizing, but also the speciﬁc characteris-

valves, which they expanded and found that although

tics of the aortic root, including quantity and distribu-

nominally deployed valves demonstrated only mild

tion of left ventricular outﬂow tract calciﬁcation, size

stretching lesions, those dilated modestly (þ1.5 ml)

of the sinuses and sinotubular junction, and depth of

and signiﬁcantly (þ3.0 ml) demonstrated more leaﬂet

valve implantation. However, undersizing too aggres-

stretching and some leaﬂet tearing. How can we place

sively may promote leaﬂet degeneration and failure

the benchtop ﬁndings of these 2 studies together and

(5). In routine practice, interventional cardiologists

in clinical context?

and cardiac surgeons have taken to underexpanding

The limited published case series of SAPIEN-3

a larger valve or overexpanding a smaller valve as

valve overexpansion are for implantation of the

they see ﬁt to walk the line between annular trauma

29-mm valve in patients with an annulus larger than

and paravalvular regurgitation.

what is recommended by the manufacturer. Tang

SEE PAGE 1696

et al. (8) recently demonstrated the feasibility of
implanting the 29-mm valve in 69 patients with an
average annulus area of 7.23 cm2. Although 30% of
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the patients required only nominal ﬁll volume, 70%
were overﬁlled or post-dilated with between an
additional 1 and 5 ml. The results were reasonable,
with moderate aortic regurgitation (AR) seen in 4% of

Cleveland, Ohio. Both authors have reported that they have no

patients and none with severe AR, and no cases of

relationships relevant to the contents of this paper to disclose.

annular trauma. Similarly, Mathur et al. (9) provided
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F I G U R E 1 Considerations for Balloon-Expandable Valve Sizing

LVOT ¼ left ventricular outﬂow tract; STJ ¼ sinotubular junction; ViV ¼ valve-in-valve.

their experience of 3 patients with an average

whether underexpansion is a better option to avoid

annulus of 7.76 cm2. Although no patients had mod-

leaﬂet trauma/overstretching or whether this also

erate AR, they dilated more aggressively with 2

causes disordered leaﬂet function (i.e., better to

patients treated with nominal volume þ 4 ml and

implant an underﬁlled/underexpanded 26-mm valve

1 treated with nominal volume þ 5 ml. Although the

instead of an overﬁlled/overexpanded 23-mm valve).

short-term results of these trials are encouraging with

In this regard, Barbanti et al. (10) analyzed a series of

regard to procedural success and safety, the series are

47

limited to 30-day outcomes. Whether the bench

TAVR implantation (94% with the SAPIEN-XT de-

patients

who

underwent balloon-expandable

testing demonstrated by the current papers would

vice) that was purposely underﬁlled by w10% volume

imply a longer-term clinical valve deterioration and

(due to expected oversizing >20%) in comparison to

dysfunction is therefore unclear. Further, as prior

87 patients with nominal deployment. More than

series have suggested, a higher risk of leaﬂet throm-

mild AR was seen in only 1 underﬁlled patient (vs. 6

bosis for the 29-mm valve than the others, whether an

patients in the control group; p ¼ NS), and only 10.6%

even greater risk exists for an oversized 29-mm valve

of patients in the underﬁlled group required post-

is also a theoretic consideration (4).

dilation (3 with nominal volume and 2 with still

In the Sathananthan et al. study (6), hydrodynamic

underﬁlled balloons). Importantly, there was no dif-

function was adversely affected by overexpansion in

ference in valve gradients between the 2 groups,

the 23- and 26-mm valves, but not in the 29-mm

though the underﬁlled group did demonstrate greater

valves. This may be encouraging from a clinical

eccentricity

perspective because the most common reported sit-

computed tomography scan at the inﬂow and mid-

uation for overexpansion is for those patients with a

valve

larger than 29-mm S3 annulus as in the clinical series

modeling experiments have suggested that stent

in the preceding text. On the other hand, the limited

eccentricity and leaﬂet redundancy (as seen in

evaluation by Huchet et al. (7) does also suggest a

underexpanded valves) result in greater leaﬂet stress

risk of leaﬂet damage of overexpansion. Taken

and could portend reduced valve durability (5).

of

the

segments.

valve

stent

Interestingly

on
in

subsequent
this

regard,

together, in patients with a smaller annulus that is

The applicability of the oversized/underexpanded

“in-between” sizes, these ﬁndings raise the question

SAPIEN XT valve choice (in the era when w10%
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oversizing was planned) shown in the preceding text

What are the take-home points (Figure 1)? In our

to the current era of S3 valve use is unclear. Blanke

clinical practice, we have been more cognizant of root

et al. (11) have commented that such oversizing may

morphology/sizing and ﬁll volumes due to multiple

be unnecessary on the basis of the design features of

factors. The understanding that the S3 platform

the current-generation valve. In their analysis of 835

generally requires less oversizing than previous gen-

patients undergoing S3 implantation as part of the

erations provides more leeway to forego some of the

PARTNER II (Placement of AoRTic TraNscathetER

nominal ﬁll volume without sacriﬁcing results and

Valves) trial, they report “acceptable” rates of mild/

optimizing safety. Additionally, as we perform nearly

moderate PAR (11.8%) and moderate PAR (2.8%) with

all TAVR procedures using Sentinel cerebral embolic

only 0% to 5% oversizing, suggesting that choosing

protection (Claret Medical, Santa Rosa, California), we

the smaller valve in borderline sizing situations could

feel more comfortable that post-dilation, if necessary,

be reasonable. Although this is reﬂected in the

may have less neurological event risk (13). Although

conclusion statements of the paper and its accompa-

the current data point to a more “symmetrical” dila-

nying editorial, it is interesting to note that when

tion of the valve stent using a noncompliant balloon,

patients were treated with >10% oversizing, only

we generally use the delivery balloon for post-dilation

3.9% had mild/moderate PAR and 0.3% had moderate

so that we better understand the degree to which we

PAR. Because we know that moderate PAR (and even

are increasing the size. On the other hand, for the

mild) can be detrimental to symptom resolution and

valve-in-valve (ViV) application, we routinely use the

long-term survival, continuing to oversize with care-

noncompliant balloon at high pressure in order to

ful attention to root characteristics and adverse fea-

optimize hemodynamics and ViV expansion (14).

tures is likely still a wise endeavor.

Although it is entirely conjectural, we also tend to use

The current studies are well written and well pre-

an underexpanded larger valve for “in-between”

sented, though they have some speciﬁc limitations in

sizing cases with the hope of optimizing the hemo-

addition to their small size. It is impossible to know

dynamics of future ViV placement, especially for

from

leaﬂet

younger patients who have a greater likelihood of

disruption that was noted is the result of use of the

surviving to the index valve degeneration, as long as

noncompliant balloon, inherent to the act of post-

there are no particularly adverse root characteristics

dilation itself, or the result of valve overexpansion.

for annular trauma. Lastly, although they are admit-

These points are important to understand, because it

tedly small series, the clinical data provided earlier in

could be that simply deploying the valve at a higher

the text for application of the 29-mm S3 valve to pa-

ﬁll volume (rather than post-dilation), or using a

tients with an annulus size beyond the “labeled indi-

the

current

analyses

whether

the

compliant balloon, could be a safer approach.

cation” implies that this is a reasonable option for

Furthermore, it is clear that a non-negligible degree

patients with symptomatic aortic stenosis who cannot

of valve–stent recoil occurs in vivo, perhaps thereby

be treated safely by traditional means.

reducing the degree of overexpansion seen in vitro
and therefore leaﬂet malfunction; this also by deﬁ-
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