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Abstract

Transcatheter aortic valve replacement has been ap-
proved and is widely used in the USA for severe calcific
aorticstenosisinthe highriskinoperable patient. While
not approved in patients with native aortic regurgita-
tion (NAVR), there are numerous reports of its use in
such patients who are not deemed acceptable surgical
candidates. The technical challenges in the NAVR pop-
ulation include lack of fluoroscopic markings due to
absence of annular or cusp calcification, increased risk
of malpositioning and a risk of residual aortic regurgi-
tation resulting in a high rate (18.8 percent) of need for
second valve implantations [1].

Nevertheless, there are numerous reports of TAVR for
NAVR. Roy et.al in a registry study of 43 patients from
14 different countries showed feasibility of CoreValve
implantation in extreme operative risk patients with
NAVR without aortic stenosis [1]. The implantation of a
CoreValve was successfulin 97.7% of cases, however the
Valve Academic Research Consortium (VARC)-defined
procedural success was only 74.4% due to the need for
a second valve.

We submit the first description of using the radial force
of a Palmaz biliary stent to affix the upper portion of a
CoreValve and mitigate the issue of ventricular migra-
tion of the valve in treatment of a NAVR patient with
TAVR. We feel this should be considered as an addition-
al tool in the armamentarium of physicians treating
this challenging subset of patients.

The Palmaz XL stents are balloon expandable stainless
steel prostheses. They have a closed cell design which
gives them high radial strength and are designed for
an expansion range of 10 mm - 25 mm while maintain-
ing their radial strength of 12 psi. Their foreshortening
ranges between 2.5% at 10 mm and 23% at 25 mm [4].
This foreshortening has to be taken into account when
adjusting the overlap portion when using as described
above with the CoreValve.
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Introduction

Transcatheter aortic valve replacement (TAVR)
has been approved and is widely used in the United
States for severe calcific aortic stenosis in high-risk
inoperable patients. Although not approved for pa-
tients with native aortic regurgitation (NAVR), there
are several reports of its use in such patients who are
not deemed acceptable surgical candidates. Patients
with NAVR pose numerous technical challenges.
The absence of annular or cusp calcification in NAVR
means a lack of fluoroscopic markings, which can
make valve positioning more challenging. The lack of
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a calcified substrate also increases the risk of malposi-
tioning. Furthermore, there is a risk of residual aortic
regurgitation, resulting in a high rate (18.8%) of need
for second valve implantations [1].

Nevertheless, several reports have described the
use of TAVR in patients with NAVR. In a registry study
of 43 patients from 14 different countries, Roy et al.
demonstrated the feasibility of CoreValve implan-
tation in extreme operative risk patients with NAVR
without aortic stenosis [1]. The implantation of a Cor-
eValve was successful in 97.7% of cases; however, the
Valve Academic Research Consortium-defined proce-
dural success rate was only 74.4% due to the need for
a second valve in some cases. The Italian CoreValve
multicenter registry confirmed its feasibility in 26 pa-
tients and showed that patients with NAVR are usu-
ally younger than those undergoing TAVR for aortic
stenosis [2]. In this report, we describe a challenging
case of implanting a CoreValve for NAVR and a repro-
ducible solution.

Case Presentation

The patient was a 38-year-old male with pulmonary
valve dysplasia associated with Noonan's syndrome
and hypertrophic cardiomyopathy. The patient un-
derwent pulmonary valvotomy and myomectomy at
17 months of age followed by a pulmonary homo-
graft for severe pulmonary insufficiency at 20 years
of age. With a history of multiple episodes of infective
endocarditis on the aortic valve, he subsequently de-
veloped severe aortic insufficiency and was referred
to us for possible TAVR. Due to significant frailty, poor
pulmonary function, and prior sternotomies, he was
considered a candidate for TAVR. His STS score for
mortality or morbidity was calculated as 24.83%.

Computed tomography (CT) measurements sug-
gested a minimum annulus diameter of 23.3 mm and
a maximum annulus diameter of 30.1 mm. The pe-
rimeter of the annulus was measured on CT images
as 88 mm, and the area was calculated as 596.2 mm?
(Figure 1). No calcification was noted in the annulus.
Plans were made for implantation of a 31-mm CoreV-
alve (Medtronic, Minneapolis, MN, USA).

The procedure was completed under general an-
esthesia. Transesophageal echo image guidance was
used throughout the procedure. Bilateral femoral

Figure 1. Aortic annulus measurements pre procedure using
3mensio showed a annulus perimeter of 88 mm and a maximum
diameter of 30.Tmm and a minimum diameter of 23.3 mm.

Figure 2. A 6-F pigtail catheter in the right coronary cusp.

artery access was obtained using a micropuncture
needle and the modified Seldinger technique. A 6-F
arterial sheath was placed in the left femoral artery,
and a 6-F pigtail catheter was advanced over a 0.035 J
wire and positioned in the right coronary aortic cusp
(Figure 2). A 28-cm 18-F Gore dryseal sheath (Gore
Medical, Flagstaff, AZ, USA) was placed in the right
femoral artery. A double curve Lunderquist extra stiff
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Figure 3. Appropriate positioning
deployment.

Figure 4. Deformation of the proximal struts of CoreValve sug-
gesting external impingement. Ventricular displacement of the
CoreValve is seen.

wire (Cook Medical, Bloomington, IN, USA) was posi-
tioned in the left ventricle to facilitate the CoreValve
implantation.

Figure 5. Left tab of the CoreValve snared with a 25-mm Amplatz
GooseNeck snare and valve pulled into proper position. Note ab-
luminal projection of the proximal struts.

A 31-mm CoreValve was prepped, and its orienta-
tion was confirmed. The valve was advanced across
the aortic valve, confirming its positionin theright cor-
onary cusp using the pigtail catheter in coplanar view
under fluoroscopy, and deployed under rapid pacing
at 130 bpm. After valve deployment and release, it
was noted to be functioning well initially but with
impingement on the valve at the greater curvature
of the aorta, which was thought to possibly be sec-
ondary to pulmonary artery enlargement (Figure 3).
Subsequently, the valve migrated toward the ventri-
cle in an unacceptably low position (Figure 3). Left
radial arterial access was obtained, and a 120-cm 6-F
GooseNeck snare (ev3, Amplatz, Plymouth, MN, USA),
was advanced into the ascending aorta. The left tab
of the valve oriented toward the lesser curvature of
the aorta was snared with the 25-mm snare, and the
valve was pulled cephalad into an appropriate posi-
tion. However, with release of tension on the snare,
the valve migrated toward the ventricle, which was
thought to be due to impingement on the greater
curvature of the aorta (Figure 4). CT measurements of
the aorta at this level of impingement were approxi-
mately 23 mm x 20 mm.
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Figure 6. Panel A. CoreValve in appropriate position and patent coronary arteries with mild paravalvular leak noted on final aorto-
gram. Panel B. CoreValve in appropriate position with the Palmaz XL deployed fixing the upper portion of the CoreValve.

To maintain the position of the valve, a Palmaz XL
transhepatic biliary stent (40 mm unexpanded length
x 10 mm expansion diameter; Cordis Corp., Rancho
Cordova, CA, USA) was placed to achieve adequate ra-
dial force against the impingement. This Palmaz stent
was then crimped onto a 24-mm balloon in balloon
(BIB) catheter (inner: 12 mm diameter x 3 cm length,
outer: 24-mm diameter X 4-cm length; NUMED Inc,
Hopkinton, NY, USA). The outer balloon was then
slightly inflated to prevent the Palmaz stent from slid-
ing off the balloon. A 75-cm 12-F Check-Flo introduc-
er sheath (Cook Medical, Bloomington, IN, USA) was
used to advance the BIB balloon-mounted crimped
Palmaz stent into the ascending aorta. The Check-Flo
introducer sheath was then withdrawn, leaving the
BIB balloon-mounted Palmaz stent in place overlap-
ping the proximal stent end of the CoreValve. Rapid
pacing at 180 bpm was initiated, and the inner and
outer balloons were inflated in succession, securing
the stent and valve in place, and the GooseNeck snare
was released (Figure 5). The BIB balloon was then fully
inflated to position the Palmaz stent, which appeared
to fix the CoreValve in place. Post-procedure aorto-
gram confirmed acceptable location of the valve, pa-

tency of the coronary arteries, and mild paravalvular
leak (Figure 6). The patient was extubated immedi-
ately and monitored overnight in the intensive care
unit. He felt symptomatically improved and was dis-
charged home next day.

The patient showed a significant reduction in
shortness of breath two weeks post-procedure and
at 1-month follow-up. Echocardiographic evaluation
at 2 and 6 months confirmed accurate positioning
of the valve with good valve function (Figure 7A and
7B). However, we also noted moderate perivalvular
regurgitation, highlighting difficulty in treating NAVR
with TAVR. Furthermore, the 6-month follow-up echo-
cardiogram revealed a moderate to severe paravalvu-
lar leak, and the patient exhibited increased fatigue
and failure to thrive. After discussion, we decided to
proceed with placing a valve-in-valve transcatheter
using an overexpanded Sapien S3.

Discussion

This is the first description of the use of the radial
force of a Palmaz biliary stent to affix the upper por-
tion of a CoreValve and mitigate the ventricular mi-
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Figure 7. Panel A. Six-month follow-up transesophageal echocardiogram shows adequate positioning of the CoreValve in a paraster-
nal long axis view. Panel B. Transesophageal echocardiogram short axis view of aortic valve showing turbulent flow suggestive of

perivalvular leak.

gration of the valve in treating a NAVR patient with
TAVR. We believe that this should be considered as a
possible approach to treatment in this challenging
subset of patients.

The CoreValve system consists of a self-expand-
able, tri-level frame made of nitinol attached to a
tri-leaflet porcine pericardium heart valve. Most re-
ports of TAVR for NAVR have utilized the CoreValve
for its unique self-expanding properties. The upper
third/outflow portion of the frame exerts low radial
force and sits within the ascending aorta, functioning
to orient the prosthesis in the direction of the aortic
root and blood flow. The middle third of the frame is
constrained to avoid jailing of the coronary arteries
and hosts the valve leaflets. It has high hoop force to
resist deformation and thus maintain normal leaflet
function. The lower third/inflow portion of the frame
sits within the left ventricular outflow tract/annulus
of the native aortic valve and exerts high radial force.
Thus, the prosthesis is anchored within the annulus,
and its function is supra-annular [3, 4]. In our case, we
required additional stabilization at the upper third/
outflow portion of the valve, which was adequately
provided by the Palmaz stent.

Palmaz stents are balloon-expandable stainless
steel prostheses. All Palmaz stents have a closed cell
design, which gives them high radial strength and
makes them useful for treating coarctation of the aor-

ta. Most Palmaz stents must be hand-crimped onto a
balloon (for example, the 3010 is available mounted
on a 12-mm delivery balloon). In the Palmaz stent no-
menclature, first two digits indicate the unexpanded
stent length, and the last one or two digits indicate
the minimum recommended expansion diameter.
Large Palmaz stents (P308) have a recommended
expansion diameter between 8-12 mm, with report-
ed overdilation to 18-20 mm. Overdilation of these
stents leads to significant foreshortening <33% at 12
mm and up to 50% at 18 mm and decreases radial
strength. Palmaz XL transhepatic stents are designed
for an expansion range of 10-25 mm while maintain-
ing a radial strength of 12 psi (comparative radial
strength of the large Palmaz P308 stent is 6 psi). Their
foreshortening ranges between 2.5% at 10 mm and
23% at 25 mm 10-13. In our situation, based on mea-
surements of the ascending aorta and the root, both
on CT prior to the procedure and aortogram during
the procedure, we required a stent expanded to 23
mm. This required the use of a Palmaz XL transhep-
atic stent and a 1:1-sized balloon. The foreshorten-
ing of the Palmaz stent must be taken into account
when determining the length of the stent to ensure
adequate overlap with the CoreValve and to prevent
jailing of the origin of the innominate and left carotid
and subclavian arteries. We used a P4010 stent, ac-
counting for foreshortening and the distance from
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the origin of the innominate artery, to avoid jailing of
this artery.

When choosing a balloon, diameter and length are
important considerations. Shorter balloons offer the
advantage of inflating the inner part of the stent first,
thus avoiding the potential complication of flaring of
the ends of the stents, resulting in balloon rupture
or vessel wall perforation; however, this can result in
stent sliding or embolization. Longer balloons allow
more precise placement and repositioning if neces-
sary before their full inflation. The BIB balloon has two
balloons, one shorter (inner) and one longer (outer)
than the stent, which offers potential advantages. In
our situation, to prevent the crimped Palmaz stent
from sliding off the balloon during its introduction
into the sheath, we inflated the inner balloon to a low
2 atm. Once the sheath is withdrawn and the stent
is adequately positioned, the inner balloon is inflated
first. After the position of the inner balloon is ensured
to be satisfactory, the outer balloon is inflated. In
choosing the diameter of the balloon, we took into
consideration the measurements of the ascending
aorta based on pre-procedure CT and aortogram per-
formed during the procedure. The balloon was sized
1:1 with the intent to expand the Palmaz stent and
adequately fix the CoreValve in place.

Potential risks of this approach that should be kept
in mind are vessel wall perforation while deploying
the Palmaz stent, balloon rupture and aortic dissec-
tion, inadequate expansion of the Palmaz stent with
ventricular migration of the stent and valve, and pos-
sible jailing of the major branches of aorta. Careful
measurements of the ascending aorta and balloon
and stent sizing, taking foreshortening into account,
should minimize such complications.

There are a variety of other valves in various stages
of development that are designed for the treatment
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