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El Video clip is available online.

The Ross procedure is a technically complex operation
consisting of multiple left-sided and right-sided elements
with movement back and forth between them depending
on anatomic exposure advantages. A typical operative
sequence might entail aortic root resection, pulmonary
autograft harvest, autograft implantation into aortic posi-
tion, pulmonic homograft anastomosis to pulmonary artery
and posterior right ventricle, aortic interposition graft anas-
tamosis, and finally completion of the homograft anasto-
mosis to the anterior RV." This may be further extended
with subaortic annuloplasty or autograft inclusion in a
Dacron graft to prevent late autograft dilatation.” Reported
cross-clamp times range from 150 to 250 minutes, and car-
diopulmonary bypass (CPB) times range from 200 to
300 minutes.”" Prolonged cross-clamp and CPB times
are known to increase the risk for early morbidity and mor-
tality due to an increased risk of right ventricular (RV)
dysfunction and other issues.” We previously published a
beating heart autograft harvest strategy for reducing the
Ross procedure cross-clamp time.® Here we present a
new operative technique and a case series of our first 5
consecutive patients in which we markedly altered the
sequence of the Ross operation components to further
shorten CPB time. Institutional Review Board approval

Cannulated heart weaned from CPB after the
completion of pulmonic homograft implantation.

CENTRAL MESSAGE

By altering the operative
sequence of the Ross procedure
and using beating heart tech-
niques, cross-clamp and cardio-
pulmonary bypass times can be
reduced significantly.

was not required. All patients provided informed written
consent for publication.

CASE SERIES

Five consecutive patients with severe aortic stenosis and
no concomitant aortic regurgitation underwent our modified
Ross procedure. Their median age was 51 years (range, 47-
61 years), and 3 were women. Four patients had a bicuspid
aortic valve. One patient underwent a concomitant maze
procedure. All patients had a normal aortic annular size
and no left ventricular outflow tract obstruction.

OPERATIVE TECHNIQUE
The operative approach is demonstrated in Video 1.

Cannulation, Initial Dissection, and Pulmonic
Homograft Preparation

The operation begins with a standard sternotomy with
aortic and right atrial cannulation and antegrade and retro-
grade cardioplegia lines. Before initiation of CPB, the
initial pulmonary artery and aortic root dissection is
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Pulmonic Homograft Implantation

VIDEO 1. Video demonstration of the operative steps for the resequenced
Ross procedure. Video available at: https://www.jtcvs.org/article/S2666-
2507(24)00510-8/fulltext.

performed, and the pulmonic homograft is thawed and
trimmed.

Beating Heart Autograft Explantation and
Pulmonary Homograft Implantation

CPB is initiated, and the distal pulmonary arteriotomy is
performed. The pulmonic valve leaflets are inspected, and
the autograft is harvested from the beating heart.” The auto-
graft is then placed in cool saline, after which hemostasis is
obtained along the posterior right ventricle, usually with
electrocautery and saline bipolar radiofrequency (Aqua-
mantys). The homograft is brought to the field and with
the heart still beating, the pulmonary artery anastomosis
is completed using running 4-0 Prolene suture. The right
ventricular anastomosis is started posteriorly with a running
3-0 Prolene suture and a strip of the excess homograft pul-
monary arterial tissue for reinforcement. The right heart is
deaired as the suture line is completed anteriorly, and the

patient is weaned from CPB. Notably, the cannulas are
left in place and intermittently flushed or aspirated by the
perfusionist (Figure 1).

Autograft Composite Preparation

The autograft is then prepared ex vivo by trimming
excess tissue and implanting it within a Dacron straight
graft with running 5-O Prolene sutures proximally and
distally. The distal portion of the Dacron graft is narrowed
slightly with 3 interrupted 5-O Prolene sutures placed at
each anti-commissural location to help accommodate the
usual size differential between the proximal and distal por-
tions of the autograft.” The proximal portion of the Dacron
graft now serves as an autograft annular support, and the
distal portion serves as an interposition graft. Neosinuses
are created by incising small circular defects in the Dacron,
facilitating later positioning of the coronary ostia in the
autograft. The autograft composite is placed back in cool
saline

Autograft Composite Implantation

CPB is reinitiated, the aortic cross-clamp is applied, the
heart is arrested with antegrade and retrograde Del Nido
cardioplegia, and the aortic root is resected using the Amer-
ican one-cut technique.’ Then the coronary buttons are pre-
pared, the valve leaflets are excised, and the annulus is
debrided of dense calcification. Interrupted horizontal
mattress 4-0 Prolene sutures are placed into the aortic
annulus in a planar manner, either intra- or supra-
annularly, depending on the size of the aortic annulus rela-
tive to the autograft composite. Then the sutures are placed
into the autograft composite, ensuring that the needles pass
through both the Dacron graft and the autograft muscle. The
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FIGURE 1. Flow chart showing the operative steps of the resequenced Ross procedure.
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left and then the right coronary buttons are reimplanted with
running 5-0 Prolene suture

At this point, a pressure test is performed by placing the
antegrade cardioplegia line in the distal Dacron graft and
occluding the opening. This allows for evaluation of
valvular insufficiency and the coronary button anastomoses.
Next, the distal aortic anastomosis is completed with a
running 4-0 Prolene suture, and the cross-clamp is removed.

RESULTS

The median aortic cross-clamp time for these five
operations was 72 minutes (range, 69-89 minutes), and
the median CPB time was 134 minutes (range, 130-221
minutes). One patient underwent a concomitant maze pro-
cedure and left atrial appendage closure. On post-CPB
transesophageal echocardiography, one patient had trace
autograft valve regurgitation, and the other four patients
had no regurgitation. The median postoperative autograft
mean gradient was 3 mm Hg (range, 2-5 mm Hg).

Only one patient required perioperative blood transfu-
sion. One patient with severe aortic valve annular calcifica-
tion had postoperative heart block necessitating
implantation of a permanent pacemaker. The median hospi-
tal length of stay was 7 days (range, 6-16 days).

DISCUSSION

Interest in the Ross procedure has increased in recent
years because of its favorable long-term survival benefits
and freedom from valve-related complications compared
to aortic valve replacement.® However, its complexity and
prolonged ischemic times have limited widespread adop-
tion except in specialized centers.” By reorganizing the
sequence of the Ross procedure, using beating heart CPB
for the pulmonary autograft harvest and homograft implan-
tation, and ceasing CPB during autograft composite prepa-
ration, we have been able to significantly reduce both
cross-clamp and CPB times.

Our approach also effectively compartmentalizes the
Ross procedure into 3 distinct stages: the right-sided
operation, the ex vivo autograft preparation, and the
left-sided operation. Of note, this sequence would not be
possible in a patient with a small aortic annulus requiring
a Konno procedure. This contrasts with the traditional
method, which involves multiple transitions between the
left and right sides of the heart. The use of these distinct
stages simplifies the process and enhances efficiency. In
our four patients who underwent an isolated Ross

Procedure, we achieved an average cross-clamp time of
72 minutes and an average CPB time of 134 minutes, which
are roughly one-third to one-half the times typically
reported for the Ross procedure and, notably, even shorter
than the Society of Thoracic Surgeons database—reported
mean cross-clamp time for isolated aortic valve replace-
ment of 78 minutes.”"""

The resequenced Ross procedure not only reduces
ischemic and bypass times, but also allows patients to
benefit from the excellent outcomes associated with the
Ross procedure while potentially enabling additional pro-
cedures with less risk of morbidity and mortality. This
streamlined approach has potential as a supplemental tech-
nique for experienced centers.
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