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The transcatheter aortic valve replacement (TAVR) with a self-expanding supra-annular valve has shown better hemo-

dynamic outcomes and better valve durability at 5 years when compared with a surgical aortic valve replacement (SAVR).

It is possible that the benefits of a self-expanding supra-annular valve can be achieved using a surgical approach. An

Evolut (Medtronic) transcatheter aortic valve was surgically implanted in 4 patients undergoing SAVR. Standard surgical

methods were used. Three patients had native aortic valve disease, and 1 patient had a degenerated surgical bio-

prosthesis. The measured valve size was 21 mm in 3 patients and 23 mm in 1 patient; all received a 29-mm Evolut. No

valve migration was observed. No patients required a pacemaker. Discharge echocardiography showed low aortic valve

gradients (arithmetic mean of 5.3 mm Hg). One patient had a mild paravalvular leak. SAVR using a self-expanding supra-

annular valve can be successfully performed in patients not amenable to TAVR. (JACC Case Rep. 2024;29:102664)

© 2024 Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
I n spite of advances in surgical aortic valve pros-
theses, prosthesis–patient mismatch (PPM) and
valve durability remain concerns for patients

requiring aortic valve replacement. Recent reports
of 5-year outcomes from large randomized clinical tri-
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als comparing transcatheter aortic valve replacement
(TAVR) with surgical aortic valve replacement (SAVR)
have shown superior hemodynamics and valve dura-
bility and less PPM with a self-expanding supra-
annular transcatheter valve.1,2 The use of TAVR has
now surpassed SAVR in older patients with severe
aortic stenosis3 based on favorable outcomes with
TAVR, yet not all patients with severe aortic valve
disease are able to undergo the TAVR procedure.

Aortic root or annular enlargement has been pro-
posed as a method to mitigate the risk of increased
mortality from PPM; however, this procedure itself is
not without risk.4 The reduction in the number of
SAVR procedures performed has reduced the oppor-
tunity for surgeons in training to perform aortic root
or annular enlargement. The hemodynamic and
durability benefits associated with transcatheter
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VISUAL SUMMARY. Surgical

ABBR EV I A T I ON S

AND ACRONYMS

AI = aortic insufficiency

PPM = prosthesis–patient

mismatch

SAVR = surgical aortic valve

replacement

SVD = structural valve

deterioration

TAVR = transcatheter aortic

valve replacement
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valves may potentially be achieved using a
surgical approach in patients for whom TAVR
may not be appropriate. We report 4 cases of
SAVR using the Evolut PROþ self-expanding
supra-annular porcine bioprosthetic valve
(Medtronic).

PATIENTS AND METHODS

Patients at our center requiring aortic valve
replacement who were not able to undergo
TAVR were included in this report. Boulder
Community Hospital waived patient consent
for this report.
VALVE DESCRIPTION. The Evolut transcatheter
valve comprises a uniquely designed self-expanding
nitinol frame with 3 porcine pericardial leaflets sewn
just above a 14-mm pericardial wrap, allowing the
new valve to sit above the native annulus (Figure 1).

PROCEDURE. All patients provided informed consent
for the surgical procedure, and only anonymized pa-
tient health information data are reported. Standard
cardiac surgical techniques including cardiopulmo-
nary bypass and cardioplegic arrest were used in all
cases. The native leaflets in each case were either
debrided (patient 1) or completely removed (patients
Aortic Valve Replacement Using Supra-Annular Self-Expanding
2 to 4). During implantation, a prolene suture was
passed through the left ventricular outflow tract just
below the nadir of each native aortic valve leaflet and
then through the corresponding section of the Evolut
PROþ valve wrap (Figure 2) to direct the new valve to
the proper depth and to align the commissures for
maximal coronary access. This was performed by
direct visualization, and annular sealing was
confirmed by direct inspection through the valve.
Concurrently, the valve was irrigated with iced saline
solution to allow sufficient compression of the nitinol
to deliver the valve into the aortic root. Once the
valve was placed at the proper level (targeted 2- to
4-mm depth) and position, the transcatheter valve
was irrigated with warm saline solution to allow full
expansion of the nitinol frame. The guide sutures
were removed. No valves required postdilation. The
ascending aorta was closed using standard
techniques.

RESULTS

PATIENTS. From October 2022 to October 2023, 3
patients with severe aortic stenosis and 1 patient with
primary severe aortic insufficiency (AI) underwent
surgical implantation of a 29-mm Evolut PROþ
Bioprosthesis



FIGURE 1 The Evolut PRO Valve (ª Medtronic 2023)

The Evolut PRO valve comprises 3 porcine pericardial leaflets

sewn just above a 14-mm pericardial wrap.
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transcatheter valve (Table 1). Patient 1 had a pre-
procedural computed tomography showing an
average annulus diameter of 22.5 mm with an area of
407.84 mm2. Access vessels were adequate for
transcatheter access at 6 mm or larger. Because this
patients’ payer declined TAVR, and with a body sur-
face area of 1.5 m2, the self-expanding transcatheter
valve was implanted surgically to avoid the risk of
PPM and the risks of an aortic root enlargement. The
annular size for this patient corresponded to a 29-mm
Evolut valve with 27% oversizing. Because this pa-
tient had a bicuspid valve (Sievers 1, left-right), the
fused leaflets were separated, and the edge calcium of
each leaflet was reduced before implant. The Evolut
valve was positioned so that the bioprosthetic leaflets
lie above the native annulus. Symptom relief was
immediate and persisted at the 1-year follow-up
(1-year gradient of 6 mm Hg). Intraoperative sizing
was performed using standard Medtronic surgical
valve sizers and valve selection targeted 20% to 30%
oversizing. The remaining 3 patients all required a 21-
mm valve.

Patient 2 had a previously implanted 21-mm bovine
pericardial valve (Inspiris Resilia, Edwards Life-
sciences) but failed to have symptom relief after 3
years because of PPM and early structural valve
deterioration (SVD). The surgical valve was explanted
and replaced with the 29-mm Evolut PROþ valve.
Patient 3 presented with primary severe aortic
valvular AI. After Evolut implantation, the valvular AI
was resolved, and a mild paravalvular leak was
observed. Patient 4 also had a small body surface area
(1.5 m2) and a bicuspid aortic valve (Sievers 1, non-
left) with moderate to severe AI.

In the 3 patients with native aortic valve stenosis,
all residual native leaflet tissue was removed before
placement of the Evolut valve. No patients required a
permanent pacemaker. Despite leaflet resection, no
patients experienced valve migration. This was
assessed intraoperatively using a gentle tug test and
postoperatively by confirming valve position by
radiography or echocardiography. At discharge
echocardiography, all 4 patients had low aortic valve
gradients (Table 2), 3 patients had no AI, and 1 patient
had mild paravalvular leak.

DISCUSSION

In spite of advances in SAVR, PPM continues to be
reported in up to 30% of patients in carefully adju-
dicated randomized clinical trials.2 Methods to miti-
gate the debilitating symptoms and increased
mortality associated with PPM include aortic root or
annular enlargement. Although this technique may
allow the implantation of a larger surgical valve, it
requires longer cross-clamp and perfusion times, is
associated with numerically higher mortality and
morbidity, and is becoming more difficult to teach as
the volume of SAVR cases is surpassed by TAVR
cases.3 Even the most experienced centers report that
fewer than 10% of the patients received a 27- or 29-
mm valve after enlargement.5 The Evolut trans-
catheter aortic bioprosthesis has been reported to
have less PPM, larger effective orifice area, and lower
gradients than surgical implants in large randomized
clinical trials.2,6 The benefits of the self-expanding
supra-annular Evolut transcatheter valve can be
achieved using a surgical approach that allows accu-
rate and stable placement.

In the cases described, the use of the uniquely
designed Evolut valve offered a specific advantage
over standard surgical bioprosthetic valves. The
Evolut valve has been safely implanted through



FIGURE 2 Implanting the Transcatheter Valve

(A) Guide sutures are placed in the left ventricular outflow tract. (B) Sutures are then placed through the porcine wrap of the transcatheter

valve to facilitate proper depth in deployment and commissural alignment. (C) The transcatheter valve leaflets are located 4 nodes from the

bottom of the valve. (D) Inspecting the final valve depth.
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femoral, axillary, carotid, and direct aortic access
vessels. We now report successful direct surgical
placement of the Evolut bioprosthesis in patients
with small anatomy, avoiding PPM and the need for
aortic root enlargement. Excellent hemodynamics
were achieved in all patients.

Historically, higher rates of permanent pacemaker
implantation have been reported after TAVR as
compared with SAVR,6 although these rates have
been reduced with the use of new transcatheter aortic
valve implantation techniques.7 No patients in our
series required a new permanent pacemaker
implantation.
Avoidance of aortic root or annular enlargement
may reduce the longer cross-clamp times, longer
cardiopulmonary bypass times, and longer procedure
times associated with enlargement. Haunschild et al8

reported in 4,120 patients no significant differences
in early mortality in patients undergoing concomitant
AVR and aortic root enlargement compared with AVR
alone; however, they cautioned surgeons of a higher
risk of respiratory failure.

Estimates of bioprosthetic valve durability have
often been in the range of 10 to 15 years; however, the
largest reports are limited by the lack of systematic
follow-up, significant patient attrition, and outdated



TABLE 1 Patient and Procedure Characteristics

Patient 1 Patient 2 Patient 3 Patient 4

Baseline

Age, y 63 59 83 67

Body surface area, m2 1.5 1.9 1.6 1.5

Blood pressure, mm Hg 130/82 140/86 134/60 108/56

Murmur Systolic Systolic Systolic and diastolic Systolic and diastolic

Aortic valve area, cm2 0.5 0.8 2.0 1.5

Aortic valve gradient, mm Hg 50.0 49.0 11.0 20.0a

Diagnosis AS Surgical AVR/AS Aortic insufficiency AS

Trancatheter AVR exclusion Age Prosthesis–patient mismatch Primary aortic insufficiency Age

Bicuspid valve Yes No No Yes

Procedure AVR Surgical AVR explant/AVR AVR AVR

Leaflet resection Partial Total Total Total

Measured valve size, mm 21 21 21 23

Implanted valve size,b mm 29 29 29 29

Aortic clamp time, min 46 141 50 69

Perfusion time, min 57 225 61 87

Postdilation No No No No

Valve migration No No No No

New pacemaker No No No No

aVmax of 3.1 m/s. bAll Evolut PROþ valves.

AS ¼ aortic stenosis; AVR ¼ aortic valve replacement.
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definitions of SVD.9 More rigorous data from
contemporary randomized clinical trials are now
available. We recently reported the superior dura-
bility of self-expanding supra-annular valves (Cor-
eValve and Evolut valves; Medtronic) compared with
surgery out to 5 years.1 Limited data are available
beyond 5 years, but the NOTION trial, which evalu-
ated the first-generation CoreValve self-expanding
valve, reported similar rates of more than moderate
SVD (15.4% TAVR vs 20.8% SAVR, P ¼ 0.20) and
significantly less severe SVD in the TAVR group
compared with SAVR at 10 years (1.5% vs 10.0%,
P ¼ 0.004).10

This report describes a single-center experience,
and longer-term echocardiographic measures are
TABLE 2 Postprocedural Echocardiographic Measures

Patient 1 Patient 2 Patient 3 Patient 4

Gradient, mm Hg 4.0 9.0 4.0 4.0

Effective orifice area, cm2 2.1 3.1 1.9 1.9

Effective orifice area indexed
to the body surface area,
cm2/m2

1.4 1.6 1.2 1.3

Aortic regurgitation None None Mild None
pending. Use of the Evolut TAV as an alternative to a
surgical aortic valve bioprosthesis is considered off-
label. For the patients presented here, we believe it
was the best option for them. The technique
described is fast, simple, and broadly applicable using
a device with superior performance and durability.
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