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The Ross procedure using bicuspid and quadricuspid

pulmonary valves
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Intraoperative view of a bicuspid pulmonary valve.
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El Video clip is available online.

Several recent publications have highlighted the advantages
of the Ross procedure in terms of hemodynamics, quality of
life, and survival.'” Congenital anomalies of the pulmonary
valve (PV) have an estimated incidence of 0.1% and have
been considered a relative contraindication, even with
normal function. In this series, we aim to present the mid-
term results of patients who underwent a Ross procedure
with bicuspid or quadricuspid pulmonary autografts.

METHODS

Patient Population

From 2010 to 2022, 640 Ross procedures have been performed in our
institution. Eleven patients (8 bicuspid and 3 quadricuspid; 1.7% of the
entire cohort) were diagnosed intraoperatively with a congenital anomaly
of the PV (Figure 1, Video 1). Decision to proceed was made on an individ-
ual basis. Autograft was used in 7 patients, whereas it was abandoned in 4.
Table | depicts demographics, surgical, as well as baseline and last follow-
up echocardiogram data of these patients.

Surgical Technique

All procedures were performed using the autograft as a freestanding
root. Care was taken to maintain the symmetry of the autograft by placing
the commissures at 90 or 180° (depending on the morphology). The auto-
grafts were implanted deep in the left ventricular outflow tract to ensure
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In select patients with bicuspid or
quadricuspid pulmonary auto-
graft, good mid-term outcomes
and valve function can be
achieved. Careful valve analysis
and implantation are of utmost
importance.

adequate support from the native annulus. The coronary buttons were
mobilized to avoid any tension on the anastomoses. Yearly clinical and
echocardiographic evaluation was performed for each patient. The median
follow-up is 5 years (interquartile range, 4.7-8.2) and 100% complete. The
study was approved by the institutional review board, and individual
patient consent was waived (#2017-1974 obtained June 21, 2017).

RESULTS
Early Outcomes

One patient required early aortic valve reintervention due
to aortic regurgitation (AR) that was caused by cusp pro-
lapse at the time of implantation. Valve repair was success-
fully performed on postoperative day 6, and the patient has
not had recurrence of AR at 8 years of follow-up.” All other
patients had normal autograft valve function at discharge
(AR <1, mean gradient <5 mm Hg). There was no stroke,
reintervention for bleeding, myocardial infarction, or
perioperative death.

Mid-Term Outcomes

At last follow-up, all patients were alive with no cases of
endocarditis or valve-related complications (major
bleeding, stroke, transient ischemic attack). At a median
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FIGURE 1. Transesophageal echocardiography and intra-operative views of bicuspid pulmonary valve.

follow-up of 5 years, echocardiographic examination shows
AR <1 in all patients.

Patients in Whom a Ross Procedure Was Not
Performed

Four patients with bicuspid PVs were not deemed good
candidates for a Ross procedure based on the anatomy of
their PV. One patient, aged 60 years, received a Bentall pro-
cedure. Another patient had an important discrepancy be-
tween his aortic and pulmonary annulus diameters.
Finally, 2 patients presented important PV fenestrations
with more than mild pulmonary regurgitation on intraoper-
ative  echocardiography. =~ The  preoperative  and

VIDEO 1. Intraoperative inspection of a bicuspid pulmonary valve and
postoperative transesophageal echocardiography showing short- and
long-axis views of a bicuspid autograft. Video available at: https://www.
jtevs.org/article/S2666-2507(23)00140-2/fulltext.

intraoperative characteristics of these patients are summa-
rized in Table 1.

DISCUSSION

Optimal aortic valve substitute in young and middle-aged
adults remains a matter of debate. In recent years, there has
been a renewed interest in the Ross procedure for this pop-
ulation. Several studies have highlighted the long-term ben-
efits of this procedure and have contributed to expanding
patient eligibility."** Questions remain, however, about
the suitability of a Ross procedure with a congenitally mal-
formed PV.

Although the number of patients in this series is relatively
small, several interesting findings emerge. Our experience
suggests that the incidence of PV anomalies in patients
with congenital aortic valve disease is ~1% to 1.5%.
This study also highlights the difficulty in identifying these
anomalies on preoperative imaging. None of them were sus-
pected despite comprehensive imaging, including preoper-
ative cardiac magnetic resonance imaging in most patients.

PV anomalies have thus far represented relative contrain-
dications to the Ross procedure. Although there have been
some case reports suggesting good early- and mid-term out-
comes, there has not been any series reporting systematic
follow-up of patients with bicuspid or quadricuspid
autograft.

Ultimately, the decision to perform a Ross procedure
does not simply revolve around the anatomy of the PV.
Several other factors, including age, aortic root anatomy,
comorbidities, and the patient’s preferences must be
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TABLE 1. Demographics, preoperative echocardiograms, procedural characteristics, and last follow-up echocardiographic data

Patients in whom a Ross procedure

Characteristics Patients who underwent a Ross procedure (n = 7) was not performed (n = 4)
Demographics
Patient Ik 2 3 4 5 6 7 1 2 3 4
Mechanical Freestyle Freestyle Freestyle
Bentall
Age, y 50 20 43 49 60 26 35 50 49 60 59
Sex F F F F M F F M M F F
Indication AS and PPM AS AS AS AS AS ARIE ASand AR AS and AR AS AS
AV morphology Prosthesis UAV UAV UAV BAV BAV BAV UAV UAV BAV BAV
PV morphology Bicuspid Bicuspid  Quadricuspid Quadricuspid  Quadricuspid Bicuspid  Bicuspid  Bicuspid Bicuspid Bicuspid Bicuspid
Associated comorbidities DLP, AVR  Hypoplastic None Coarctation HTN, DLP, HTN, DLP, None Stroke in None HTN, DLP, DM,
kidney repair DM, smoker asthma the past previous PCI Asthma
Preoperative echocardiogram
LVEEF, % 70 60 65 60 65 60 65 65 45 75 65
Mean aortic gradient, mm Hg 61 43.9 57.3 36.2 68 57.7 4 53 21 37 64
AVA, cm? 0.59 0.72 0.84 1 0.9 0.5 N 1.49 0.9 0.59 0.81
Aortic annulus, mm 21 19 212 223 21 23 26 28 30 20 23
Sinus of Valsalva, mm 26 25 26 39 39 32 31 44 48 28 18
Procedural characteristics
Ross Technique FSR FSR FSR FSR FSR FSR FSR NA NA NA NA
Autograft size, mm 23 19 23 259 23 23 27 NA NA NA NA
Pulmonary homograft 28 29 29 29 30 29 29 NA NA NA NA
size, mm
Associated procedure None None AAR AAR None None MVr AAR None None AAR
Last FU echocardiogram
FU 82y 6.1y Sy Sy 47y 42y 7 mo 59y ly 6 mo ly
LVEF, % 50 60 60 55 60 60 45 60 48 60 60
Mean gradient, mm Hg 4 5 4 2 4 3.9 2 7 5 6 6
AVA, cm? 2.6 2.7 3.42 3.6 44 2.7 4.4 3.1 3.7 2.7 3.4
Autograft regurgitation Trivial Trivial Trivial Trivial Trivial Mild Mild Trivial Trivial Trivial Trivial
Annulus, mm 19.4 20.6 22 23 25 21 24 24 27 20 24
Sinus of Valsalva, mm 43 21 35 20.1 35 X 20 31 NA NA NA
Ascending aorta, mm 28 33 40 31 39 39 32 31 NA 23 32
NYHA status 1 1 1 1 1 1 1 1 2 2 1

F, Female; M, male; AS, aortic stenosis; PPM, patient—prosthesis mismatch; AR, aortic regurgitation; /E, infective endocarditis; AV, aortic valve; UAV, unicuspid aortic valve; BAV, bicuspid aortic valve; PV, pulmonary valve; DLP,
dyslipidemia; AVR, aortic valve replacement; HTN, hypertension; DM, diabetes mellitus; PCI, percutaneous coronary intervention; LVEF, left ventricle ejection fraction; N, non available; AVA, aortic valve area; FSR, freestanding root
replacement; NA, not available; AAR, ascending aorta replacement; MVr, mitral valve repair; FU, follow-up; NYHA, New York Heart Association status. *Patient was reoperated at day 6 for severe AR, eccentric jet, and valve prolapse;

she was treated with valve repair.
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considered. A  25-year-old woman contemplating
pregnancy probably has a strong desire to avoid lifelong an-
ticoagulation and is not a good candidate for a biological
aortic valve replacement. In contrast, a 61-year-old man
with AR who wishes to avoid open reintervention at any
cost may have different opinions regarding these options.
Thus, the decision to use a bicuspid or quadricuspid pulmo-
nary autograft needs to be individualized, keeping these
considerations in mind. When a bicuspid or quadricuspid
PV is selected, it is important to maintain original commis-
sural symmetry as to avoid inducing cusp prolapse.
Finally, the longitudinal follow-up of this series demon-
strates that, in select patients, bicuspid and quadricuspid
valves can maintain normal function and provide outcomes,
within the first decade, that mirror those of patients with a
tricuspid PV. Continued clinical and imaging follow-up is

necessary to ensure that these valves maintain similar
long-term performance (Video 1).
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