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IMPORTANCE The Ross procedure as treatment for adults with aortic valve disease (AVD)
has been the subject of renewed interest.

OBJECTIVE To evaluate the long-term clinical and echocardiographic outcomes following the
Ross procedure for the treatment of adults with AVD.

DESIGN, SETTING, AND PARTICIPANTS This post hoc analysis of a randomized clinical trial
included adult patients (age <69 years) who underwent a Ross procedure for the treatment
of AVD, including those with active endocarditis, rheumatic AVD, decreased ejection fraction,
and previous cardiac surgery. The trial, conducted from September 1, 1994, to May 31, 2001,
compared homograft root replacement with the Ross procedure at a single center. Data after
2010 were collected retrospectively in November and December 2022.

EXPOSURE Ross procedure.

MAIN OUTCOMES AND MEASURES The primary end point was long-term survival among
patients who underwent the Ross procedure compared with that in the age-, country of
origin– and sex-matched general population. Secondary end points were freedom from any
reintervention, autograft reintervention, or homograft reintervention and time-related valve
function, autograft diameter, and functional status.

RESULTS This study included 108 adults (92 [85%] male) with a median age of 38 years
(range, 19-66 years). Median duration of clinical follow-up was 24.1 years (IQR, 22.6-26.1
years; 2488 patient-years), with 98% follow-up completeness. Of these patients, 9 (8%) had
active endocarditis and 45 (42%) underwent reoperations. The main hemodynamic lesion
was stenosis in 30 (28%) and regurgitation in 49 (45%). There was 1 perioperative death
(0.9%). Twenty-five year survival was 83.0% (95% CI, 75.5%-91.2%), representing a relative
survival of 99.1% (95% CI, 91.8%-100%) compared with the general population (83.7%). At
25 years, freedom from any reintervention was 71.1% (95% CI, 61.6%-82.0%); from autograft
reintervention, 80.3% (95% CI, 71.9%-89.6%); and from homograft reintervention, 86.3%
(95% CI, 79.0%-94.3%). Thirty-day mortality after the first Ross-related reintervention was
0% and after all Ross-related reinterventions was 3.8% (n = 1); 10-year survival after
reoperation was 96.2% (95% CI, 89.0%-100%).

CONCLUSIONS AND RELEVANCE This study found that the Ross procedure provided excellent
survival into the third decade postoperatively that was comparable to that in the general
population. Long-term freedom from reintervention demonstrated that the Ross procedure
may be a durable substitute into late adulthood, showing a delayed but progressive
functional decline.
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H eart valve disease is a prevalent condition affecting an
estimated 74 million patients globally.1 Absolute num-
bers of deaths due to aortic valve disease (AVD) tripled

between 1979 and 2009,2 making AVD responsible for the
highest proportion of deaths within the spectrum of valvular
heart disorders. For many years, prosthetic aortic valve re-
placement (AVR) has been the standard of care for the surgi-
cal treatment of patients with AVD despite the fact that both
biological3-6 and mechanical prostheses3,5,7,8 have intrinsic
characteristics that represent major drawbacks to patients. Ad-
ditionally, survival after prosthetic AVR in adults younger than
65 years is significantly lower compared with that in the gen-
eral population.4,7,9 Interest in valve repair has grown, but most
patients with AVD require replacement of their valve. Re-
cently, a renewed interest has gathered around the Ross pro-
cedure (pulmonary autograft) for the treatment of AVD in
adults.3,10-12

The pulmonary autograft is the only living aortic valve sub-
stitute currently available and was first performed in 1967.13

Its long-term outcomes have recently been delineated,14-17 and
studies have revealed that after the Ross procedure, unlike
other valve substitute procedures, patients experienced sur-
vival that was equivalent to that of an age-, sex- and country
of origin–matched general population.3,14,18,19 These findings
suggest that a living valve substitute in the aortic valve posi-
tion is associated with clinically relevant superior outcomes.
Valve-related events, such as bleeding and endocarditis, rarely
occur after the Ross procedure, but late dilatation of the au-
tograft root accompanied by autograft regurgitation remains
a concern,3 leading to limited application.20,21

In the search for an ideal aortic valve substitute, insights
into long-term survival and clinical outcome remain of
utmost importance to guide decision-making. We report the
long-term results following the Ross procedure over a period
of 29 years.

Methods
We performed a post hoc analysis of a randomized clinical
trial comparing homograft root replacement with the Ross
procedure (ISRCTN03530985).12 Approval for this study was
obtained from the local ethics committee at Harefield Hospital.
Written informed consent was obtained in the trial. Verbal
informed consent was obtained during telephone calls with all
living patients for this study.

Study Population
In the randomized clinical trial, conducted from September 1,
1994, to May 31, 2001, 216 adults (age <69 years) were ran-
domly assigned to undergo a Ross procedure or homograft aor-
tic root replacement at the Royal Brompton & Harefield NHS
Foundation Trust, London, UK. Randomization and masking
details are provided elsewhere.12 In the current study, the prin-
cipal focus was to analyze long-term outcomes after the Ross
procedure. We have therefore refrained from presenting out-
comes in the homograft cohort. Patients with AVD, aortic root
or ascending aortic dilatation, bicuspid aortic valves, active

endocarditis, rheumatic heart valve disease, decreased ejec-
tion fraction, or previous cardiac surgery and patients requir-
ing emergent surgery were included. Patients with Marfan
syndrome, rheumatoid arthritis, and Reiter syndrome were
excluded.

Surgical Technique
One surgeon (M.H.Y.) undertook all Ross procedures using the
same technique during the inclusion period. All patients un-
derwent total aortic root replacement using a freestanding root
technique. During autograft harvesting, the pulmonary root
was harvested in a scalloped fashion, leaving 1 to 2 mm below
the attachment of the cusps (nadir), representing the lowest
point of the valve insertion. In patients with aortic-to-
pulmonary annulus mismatch, intertrigonal compression pli-
cation was performed using a 2-0 monofilament suture. Close
interrupted sutures were used for the proximal aortic anasto-
mosis. The left-facing autograft sinus was positioned in the left
coronary sinus, and the autograft was placed in an intra-
annular position to provide external fibrous support to the mus-
cular pulmonary root. The coronary ostia were anastomosed
to their respective sinuses. The distal anastomosis was com-
pleted 2 to 3 mm above the level of the commissures to miti-
gate the hazard of autograft dilatation. No foreign material was
used to support the proximal or distal anastomoses. A pulmo-
nary homograft was placed in the pulmonary position, and the
largest available size was always used. Strict blood pressure
control (systolic blood pressure <110 mm Hg) was maintained
perioperatively and for the first 6 months to allow adaptive
remodeling of the pulmonary autograft.

Primary and Secondary Outcomes
The primary outcome was long-term survival, which was
compared with that in an age-, sex-, and country of origin–
matched general UK population. Secondary outcomes were
freedom from any valve-related reintervention, autograft re-
intervention, or homograft reintervention and longitudinal evo-
lution of autograft and homograft regurgitation and of auto-
graft dimensional and functional status at last follow-up using
the New York Heart Association (NYHA) classification.22

Data Collection and Definitions
All data up to 2010 were collected prospectively as
a part of the randomized clinical trial.12 Clinical and

Key Points
Question In adults who have undergone the Ross procedure
using a freestanding root technique, what are the clinical
outcomes beyond the second decade?

Finding In this post hoc analysis of a randomized clinical trial of
108 adults who underwent the Ross procedure, survival into the
third postoperative decade was 83%, comparable to that in the
matched general population.

Meaning These findings suggest that the Ross procedure is
associated with excellent clinical outcomes into the third
postoperative decade.
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echocardiographic outcome data after 2010 were collected
retrospectively at the Harefield hospital in November and
December 2022. Patient and procedural characteristics were
collected earlier.12 Patients that had moved were contacted
by telephone or through their general practitioner in October
2022. For all patients, vital status was determined in Novem-
ber and December 2022 through the Harefield medical rec-
ords and linked to the national UK death register; all living
patients received an additional telephone call (G.M., G.C.). If
no clinical outcomes were documented at the Harefield hos-
pital in case of patients having moved abroad, outcomes
were only obtained by reaching out to patients through tele-
phone. Follow-up completeness was calculated using the
Clark C method.23

During data collection, the original prospective database
was updated, and all echocardiographic imaging studies and
relevant valve-related events were collected retrospectively.
Valve-related events were defined according to the 2008 guide-
lines by Akins and colleagues.24 Autograft dilatation with or
without regurgitation was defined as structural valve deterio-
ration (SVD). Early outcome events were defined as events oc-
curring within 30 days postoperatively and were reported
previously.12 Late outcome events were defined as events
occurring after 30 days postoperatively.

Imaging Follow-Up
All serial transthoracic echocardiographic imaging studies
after surgery were performed at Harefield Hospital. Valve func-
tion of the pulmonary autograft in the aortic position and the
pulmonary homograft in the pulmonary position was evalu-
ated by echocardiographic follow-up studies. Echocardio-
graphic parameters longitudinally studied included autograft
root diameter, autograft regurgitation grade (1-4), pulmonary
homograft regurgitation (PR) grade (1-4), left-ventricular ejec-
tion fraction, left-ventricular end-diastolic diameter, and left-
ventricular end-systolic diameter.

Echocardiographic follow-up was only performed for
patients who were still being seen at Harefield Hospital. The
latest echocardiographic study was used to calculate echocar-
diographic follow-up completeness.

Statistical Analysis
Continuous data are presented as means and SDs (gaussian)
or medians with IQRs (nongaussian). Categorical data are pre-
sented as proportions. The Shapiro-Wilk test was used to ana-
lyze whether the data were normally distributed. Long-term
survival and freedom from intervention after surgery were es-
timated and presented according to the Kaplan-Meier method.
Patient survival was compared with survival in the general
population by a novel, patient-level matching strategy.25 Pa-
tients were matched on an individual level using country of
origin, patient sex, individual patient age (updating annu-
ally), calendar year at time of follow-up (updating annually),
and time of censoring, if applicable. Reinterventions on
the autograft and homograft were considered competing
risks with death, and Fine-Gray competing risk models were
constructed to gain inferences on the cumulative incidence
of reintervention. Univariable Cox proportional hazards

regression models were used to investigate factors associ-
ated with mortality and reintervention. Two-sided P ≤ .05 was
considered statistically significant. All statistical analyses were
performed in RStudio, version 2022.07.2 (R Project for Statis-
tical Computing).

To capture valve function over time, one should account
for the dependency between multiple measurements taken
from each individual over time as well as the independence
of measurements taken among patients. Linear mixed-
effects models (diameters/gradients) and continuation ratio
mixed-effects models (regurgitation grades) were con-
structed as they allow for such correlations between re-
peated measurements and for unbalanced data.26,27 The
backward formulation of the continuation model was used for
the regurgitation grades, estimating the odds of more severe
disease compared with less severe disease. Random inter-
cept and random slope terms were included at the level of the
patient. Natural cubic splines were placed at 2 time points, al-
lowing flexible longitudinal outcomes modeling over 2 or 3
different time intervals. Interaction terms were only ex-
plored in the evolution of autograft root diameter. Correla-
tion between covariates was tested through the Spearman or
Pearson method, as appropriate. In the case of high correla-
tions between covariates (r or ρ >0.70), the variable that was
most clinically relevant was retained. Autograft root diam-
eter was also modeled according to this method. Effect plots
were generated to visualize evolution of autograft function,
homograft function, and autograft diameter.

Results
Patients and Follow-Up
This study included 108 adult patients (16 [15%] female; 92
[85%] male; median age, 38 years [range, 19-66 years]) who un-
derwent a Ross procedure using a freestanding root tech-
nique (Table 1). The country of origin was the UK for 95 pa-
tients (88%), Italy for 6 (6%), Greece for 5 (5%), Egypt for 1
(0.9%), and Turkey for 1 (0.9%). The main hemodynamic
lesion was aortic stenosis in 30 patients (28%) and aortic re-
gurgitation (AR) in 49 (45%), while 29 patients (27%) had mixed
aortic stenosis and AR and 2 (2%) had a thoracic aortic dilata-
tion. Nine patients had active endocarditis (8%), and 45 (42%)
underwent reoperations.

Median clinical follow-up duration was 24.1 years (IQR,
22.6-26.1 years; 2488 patient-years), with 98% follow-up com-
pleteness. Three patients dropped out of the study (ie, were
lost to clinical follow-up), translating to 40 unobserved patient-
years. Median echocardiographic follow-up duration was
21.7 years (IQR, 6.0-24.3 years; 1791 patient-years), with 71%
follow-up completion. Of 91 surviving patients, 48 had an avail-
able echocardiograph between January 1, 2021, and Decem-
ber 31, 2022. Surgical details are listed in eTable 1 in Supple-
ment 1.

Long-Term Survival
There was 1 perioperative death (0.9%). During follow-up, 16
of 107 patients died after discharge from the hospital. Causes
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of death were cardiac (11 [69%]), including 2 sudden deaths
and 3 heart failure–related deaths; noncardiac (3 [19%]); and
unknown (2 [13%]). Survival at 25 years was 83.0% (95% CI,
75.5%-91.2%), representing a relative survival of 99.1% (95%
CI, 91.8%-100%) compared with the age-, country of origin–
and sex-matched general population (survival in general
population, 83.7%). Survival estimates compared with the
age-, sex- and country of origin–matched general population
are depicted in Figure 1.

Reinterventions
Seventeen patients (15.7%) underwent 18 aortic valve rein-
terventions. During follow-up, 3 patients (17.6%) underwent
a valve-sparing root replacement; 10 (58.8%), a bioprosthetic

Table 1. Baseline Patient Characteristics for All Patients
That Underwent a Ross Procedure

Characteristic
Patients
(N = 108)a

Age, median (range), y 38 (19-66)

Age, y

18-34 47 (44)

35-49 39 (36)

50-59 13 (12)

≥60 9 (8)

Sex

Female 16 (15)

Male 92 (85)

Country of origin

UK 95 (88)

Italy 6 (6)

Greece 5 (5)

Egypt 1 (0.9)

Turkey 1 (0.9)

Body surface area, mean (SD), m2 1.9 (0.2)

Smoking status

Smoker 18 (17)

Ex-smoker 18 (17)

Never 72 (67)

Comorbidities

Hypertension 21 (19)

Dyslipidemia 3 (3)

Diabetes 1 (1)

Kidney failureb 6 (6)

Preoperative AR grade

0 8 (1)

1 1 (1)

2 21 (19)

3 34 (31)

4 44 (41)

Surgical indication

Primary isolated AS 30 (28)

Primary isolated AR 49 (45)

Mixed AS and AR 29 (27)

Thoracic aortic dilatation 2 (2)

Etiology

Degenerative 48 (44)

Congenital 53 (49)

Rheumatic 7 (6)

Endocarditis

None 89 (82)

Active 9 (8)

Treated 10 (9)

Previous interventionc 45 (42)

Homograft AVR 24 (22)

Mechanical or bioprosthetic AVR 13 (12)

Aortic valve repair 12 (11)

Coarctation repair 9 (8)

(continued)

Table 1. Baseline Patient Characteristics for All Patients
That Underwent a Ross Procedure (continued)

Characteristic
Patients
(N = 108)a

New York Heart Association classification

I 33 (31)

II 49 (45)

III 21 (19)

IV 5 (5)

Heart rhythm

Sinus rhythm 103 (95)

Atrial fibrillation 1 (1)

Pacemaker 4 (4)

Type of surgery

Emergent 5 (5)

Urgent 5 (5)

Elective 98 (91)

Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; AVR, aortic valve
replacement.
a Data are presented as number (percentage) of patients unless otherwise

indicated.
b Defined as estimated creatinine clearance of less than 50 mL/min/1.73 m2 (to

convert to mL/s/m2, multiply by 0.0167).
c Refers to the last surgery before enrollment; some patients had more than 1

procedure at the last intervention.

Figure 1. Long-Term Survival After the Ross Procedure Compared With
the Age-, Country of Origin–, and Sex-Matched General Population
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AVR; and 5 (29.4%), a mechanical AVR. The indication for
autograft reintervention was AR with or without root dilata-
tion in all 17 cases. Seven patients (41.2%) required reinter-
vention for autograft dilatation with moderate-to-severe or
severe AR. Fourteen patients (13.0%) underwent 18 reinter-
ventions on their pulmonary homograft (17 surgical, 1 trans-
catheter), 7 of which were due to severe pulmonary stenosis,
5 to endocarditis, 2 to severe PR; 4 causes were undocu-
mented. One additional patient was awaiting a homograft
reintervention (due to severe stenosis) at the end of follow-
up. At 25 years, actuarial freedom from any Ross-related
reintervention was 71.1% (95% CI, 61.6%-82.0%); from

autograft reintervention, 80.3% (95% CI, 71.9%-89.6%); and
from homograft reintervention, 86.3% (95% CI, 79.0%-
94.3%). At first Ross-related reintervention, 30-day mortal-
ity was 0%. One patient died after bioprosthetic AVR that
was preceded by a valve-sparing root replacement earlier.
Thirty-day mortality after first or second Ross-related rein-
tervention was 3.8% (n = 1, after bioprosthetic AVR), and
10-year survival after reoperation was 96.2% (95% CI,
89.0%-100%). Five patients underwent mitral valve surgery,
of which 2 were during Ross-related reinterventions, and 1
patient underwent coronary bypass surgery. Freedom from
reintervention is depicted in Figure 2. Cumulative incidence
of any reintervention, autograft reintervention, and homo-
graft reintervention with death as a competing risk is shown
in eFigure 1 in Supplement 1.

Univariable Cox proportional hazards regression models
revealed that older age was associated with a lower hazard
for any reintervention (hazard ratio [HR], 0.96; 95% CI,
0.92-0.99; P = .02) and for homograft reintervention (HR,
0.93; 95% CI, 0.88-0.99; P = .02). Results of univariable Cox
proportional hazards regression is shown in Table 2. Preop-
erative severe AR was not associated with greater hazards of
autograft reintervention (HR, 1.09; 95% CI, 0.41-2.86;
P = .86). Freedom from autograft reintervention for patients
with severe preoperative AR vs those without severe preop-
erative AR is shown in eFigure 2 in Supplement 1.

Valve-Related Events and Functional Status
During a median follow-up of 24.1 years (IQR, 22.6-26.1 years;
2488 patient-years), there was 1 case of autograft endocardi-
tis (0.04% per year) and 9 cases of homograft endocarditis
(0.36% per year). No cases of late bleeding, thromboembo-
lism, valve thrombosis, and cerebrovascular events were
reported. At a median last follow-up of 24.6 years (IQR, 23.2-
26.2 years) among 93 patients, 80 (86%) had NYHA class I or
II classification.

Longitudinal Echocardiographic Analyses
Autograft Function and Root Dimensions
Marginal probabilities of autograft regurgitation over time
are depicted in Figure 3. Continuation ratio mixed-effects
models of AR over time revealed that the probability of
developing higher grades of AR increased over time
(eTable 2 in Supplement 1). In multivariable analysis includ-
ing age at surgery, hypertension, sex, preoperative severe
AR, and previous interventions, there were no factors inde-
pendently associated with an increased probability of devel-
oping higher-grade AR (eTable 2 in Supplement 1). Marginal
probabilities of postoperative AR stratified by patients with
and without severe preoperative AR are shown in eFigure 3
in Supplement 1.

Autograft root dilatation was observed after the Ross pro-
cedure, which is depicted in the plot of autograft root diam-
eter over time in Figure 3. Autograft dilatation occurred in some
but not all patients and was more pronounced in the first 11
years compared with the last 11 years of follow-up. Results of
multivariable analysis are presented in eTable 2 in Supple-
ment 1.

Figure 2. Freedom From Any Reintervention, Autograft Reintervention,
and Homograft Reintervention After the Ross Procedure
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Homograft Function and Other Longitudinal Parameters
Marginal probabilities of PR over time are depicted in eFig-
ure 4 in Supplement 1. Continuation ratio mixed-effects mod-
els of PR over time revealed that the odds of developing higher
grades of PR increased over time, which mainly occurred in
the first years after the operation. In multivariable analysis, no
factors were associated with an increased odds of developing
higher-grade PR (eTable 2 in Supplement 1). Plots of the lon-
gitudinal evolution of left-ventricular ejection fraction, left-
ventricular end-systolic diameter, and left-ventricular end-
diastolic diameter are depicted in eFigure 5 in Supplement 1.

Discussion
The Ross procedure is the only available living aortic valve sub-
stitute, preserves mobility of the neo-aortic root, and is the only
option for adults, providing a life expectancy that resembles
life expectancy in the general population. In this study, a
delayed but progressive functional decline of the neo-aortic
root that may require a reintervention in the long term was
observed. Moreover, the study showed that reoperative mor-
tality after the Ross procedure was low, suggesting the impor-
tance of not delaying intervention when necessary.

Hemodynamics and Etiology
Over the years, several arguments have been put forward dis-
couraging the use of the Ross procedure under specific con-
ditions. It has been suggested that the potential benefits of the

Ross procedure may not be fully realized in patients who have
preoperative AR and dilation of the aortic annulus and is mainly
indicated for patients with aortic valve stenosis.14,15,28-30 In this
study, no increased hazard for autograft deterioration was
observed in patients presenting with preoperative AR com-
pared with those without preoperative AR, which could have
been due to a tailored surgical technique in patients who pre-
sented with a mismatch between the aortic and pulmonary
annuli. Patient-tailored modifications that avoid aortic-to-
pulmonary annular mismatch, while taking into account root
physiology, are able to tailor the Ross procedure to patients
with AR and a dilated annulus; in this study, this consisted of
intertrigonal compression plication of the annulus. Other re-
ports have also demonstrated excellent longevity of the auto-
graft in selected patients with AR.18,31

Survival
While all prosthetic valve substitutes are associated with sub-
stantial excess mortality from causes not directly related to
valve-related complications,4,6,7,9,32 excess mortality after the
Ross procedure in children16,33 and adults16 is negligible, which
is likely a reflection of the cumulative benefits of a living aor-
tic valve substitute over a lifetime. We found relative survival
of 99.1% (95% CI, 91.8%-100%) at 25 years when 42% of pa-
tients were still being followed up. This important finding is
in line with previous reports on the Ross procedure in young
adults.3,10,14 Of note, these results up to 29 years suggest that
a living aortic valve remains beneficial in terms of survival in
the long term.

Table 2. Univariable Cox Proportional Hazards Regression Model for Factors Associated With Any Reintervention, Autograft Reintervention,
and Homograft Reintervention

Univariable model

Any reintervention (n = 26) Autograft reintervention (n = 17) Homograft reintervention (n = 13)

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Age at operation, y 0.96 (0.92-0.99) .02 0.97 (0.93-1.01) .13 0.93 (0.88-0.99) .02

Male 1.06 (0.37-3.08) .92 0.89 (0.26-3.10) .86 2.32 (0.30-17.87) .42

Preoperative severe
aortic regurgitation

0.98 (0.45-2.17) .97 1.09 (0.41-2.86) .86 0.68 (0.21-2.21) .52

Hypertension at operation 1.10 (0.44-2.75) .83 1.13 (0.37-3.46) .84 1.12 (0.31-4.06) .87

Previous intervention 0.95 (0.43-2.10) .90 0.80 (0.30-2.15) .65 1.33 (0.44-3.97) .61

Figure 3. Marginal Probabilities of Autograft Regurgitation and Evolution of Autograft Root Diameter Over Time After the Ross Procedure
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David et al15 published their long-term results of 212 con-
secutive Ross procedures in 2018, with a median follow-up
of 18 years. Twenty-year survival was 89.2% in their popula-
tion, which is comparable to that in the current study (91.5%).
In both cohorts, survival was equivalent to that in the general
population. The current analysis adds to the evidence on the
survival benefits observed after the Ross procedure beyond the
second postoperative decade.

Structural Autograft Deterioration and Reintervention
Deterioration of the autograft was rare in this series, with 80.3%
of patients being free from significant regurgitation or dilata-
tion requiring reintervention. When it occurred, structural au-
tograft deterioration followed a typical pattern and involved
autograft dilatation, often but not always resulting in auto-
graft regurgitation. Compared with other biological substi-
tutes, the Ross procedure yielded superior durability results
with enhanced survival and a markedly delayed deteriora-
tion rate. This result was supported by the findings of a re-
cent study from New York and California comparing biopros-
thetic, mechanical, and Ross AVR using propensity score
matching.3

Autograft reinterventions after the unsupported Ross
procedure often need to address both valve regurgitation and
root dilatation and preferably consist of valve-sparing root
replacement using either a remodeling34 or reimplantation
technique.35 The decision to perform reoperation on an auto-
graft should be mainly based on the presence of progressive
autograft regurgitation (more than mild), rather than dilata-
tion of the autograft root alone. Waiting too long before inter-
vening on a progressively regurgitant autograft can result
in structural changes in the leaflets, precluding a valve-
conserving reoperation.36

Modifications on the autograft, ranging from simple
annular support to total wrapping techniques,18,37-39 in an
attempt to reduce the risk of autograft dilatation and prevent
regurgitation have been proposed. However, this could de-
feat the wider aim of not using any prosthetic material. The
influence of these procedures on clinically relevant out-
comes requires longer-term follow-up series. Total inclusion
techniques, which do not entail the use of foreign material,
have been reported to yield favorable valve durability in long-
term follow-up studies.38

Functional Class
Most patients (86%) had NYHA class I or II classification at the
latest clinical follow-up, which approached 25 years. This
observation suggests that the Ross procedure allows patients
to live a normal life into the third decade after surgery with
few or no symptoms, leading to a better quality of life.

Strengths and Limitations
To date, this study describes the longest clinical follow-up
after the Ross procedure in adults, with a median follow-up
or 24.1 years and 98% completeness. A total of 45% of
patients presented with preoperative AR, 8% had preopera-
tive active endocarditis, and 42% underwent the Ross proce-
dure in a reoperative setting, reflecting the fact that these
patients were not selected based on their clinical profiles,
representing the entire population undergoing aortic valve
replacement.

When interpreting these results, the limitations of this
study should be borne in mind. First, this series was a single-
surgeon experience, making it difficult to extrapolate these
results. However, the technical success factors of the Ross
procedure are now better understood, and the operative
steps have been clearly delineated,12,40,41 making the opera-
tion reproducible41,42; several specialized centers have pro-
duced long-term results comparable to ours.3,43 Neverthe-
less, renewed interest in the Ross procedure in the past
decade should be thoughtfully balanced against the higher
technical complexity of a Ross procedure compared with
conventional aortic valve replacement. As such, these proce-
dures are ideally performed in Ross centers of excellence to
ensure patient safety and excellent long-term outcomes.44,45

Second, echocardiographic follow-up duration was shorter
and less complete (71%) compared with clinical follow-up
duration (98%). Third, this study represents a post-hoc
analysis of a randomized clinical trial, and outcomes in the
cohort that underwent homograft procedures were not
reported. Aortic homograft use has nearly disappeared from
current practice except for specific indications46 (eg, endo-
carditis with root destruction). Therefore, reporting long-
term homograft outcomes would be of limited clinical sig-
nificance to the reader and distract from the specific focus of
this study. However, outcomes of homograft procedures
might be the subject of future analysis.

Conclusions
This study found that in adults with AVD, the Ross proce-
dure provided excellent survival into the third decade after
surgery that was equivalent to that in the general popula-
tion. Additionally, long-term freedom from reintervention
demonstrates that the autograft is a durable aortic valve
substitute into late adulthood, showing a delayed but
progressive decline in function. These data further support
the unique benefits of a living valve substitute in adults and
suggest that this effect sustains into the third postoperative
decade.

ARTICLE INFORMATION

Accepted for Publication: August 24, 2023.

Published Online: November 8, 2023.
doi:10.1001/jamacardio.2023.4090

Author Affiliations: Department of Cardiothoracic
Surgery, Erasmus University Medical Center,
Rotterdam, the Netherlands (Notenboom, Veen,

Takkenberg); Department of Cardiac Surgery,
Sant’Andrea Hospital, Sapienza University of Rome,
Rome, Italy (Melina, Navarra); Department of
Cardiothoracic Surgery and Transplantation, Royal
Brompton & Harefield Hospitals, Guy’s and St
Thomas’ NHS Foundation Trust, London, United
Kingdom (De Robertis, Coppola, De Siena, Gaer);
Division of Cardiovascular Surgery, University of

Pennsylvania, Philadelphia (Ibrahim); Department
of Cardiovascular Surgery, The Mount Sinai
Hospital, Icahn School of Medicine at Mount Sinai,
New York, New York (El-Hamamsy); National Heart
and Lung Institute, Imperial College London,
London, United Kingdom (Yacoub); Cardiac Surgery
Department, Aswan Heart Centre, Magdi Yacoub
Foundation, Aswan, Egypt (Yacoub).

Research Original Investigation Long-Term Clinical and Echocardiographic Outcomes After the Ross Procedure

12 JAMA Cardiology January 2024 Volume 9, Number 1 (Reprinted) jamacardiology.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Pennsylvania user on 04/15/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2023.4090?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.4090
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.4090


Author Contributions: Mr Notenboom and
Dr Melina had full access to all of the data in the
study and take responsibility for the integrity of the
data and the accuracy of the data analysis.
Mr Notenboom and Dr Melina contributed equally
to this work.
Concept and design: Notenboom, Melina,
De Robertis, De Siena, Navarra, Ibrahim,
El-Hamamsy, Takkenberg, Yacoub.
Acquisition, analysis, or interpretation of data:
Notenboom, Melina, Veen, De Robertis, Coppola,
De Siena, Navarra, Gaer, Ibrahim, El-Hamamsy,
Takkenberg.
Drafting of the manuscript: Notenboom, Melina,
Veen, Coppola, Navarra, Gaer, Ibrahim, Takkenberg.
Critical review of the manuscript for important
intellectual content: Notenboom, Melina, Veen,
De Robertis, De Siena, Navarra, Gaer, El-Hamamsy,
Takkenberg, Yacoub.
Statistical analysis: Notenboom, Veen, Takkenberg.
Administrative, technical, or material support:
Melina, De Robertis, Coppola, Navarra, Gaer.
Supervision: Veen, De Robertis, De Siena, Gaer,
Ibrahim, El-Hamamsy, Takkenberg, Yacoub.

Conflict of Interest Disclosures: Dr De Robertis
reported receiving nonfinancial support from
Edwards Lifescience for travel and receiving
personal fees from Bristol Myers Squibb for
consulting outside the submitted work and having a
service agreement with Medtronic UK, which paid a
fee to the Royal Brompton & Harefield Hospitals
Charity Fund. No other disclosures were reported.

Meeting Presentation: This paper was presented
at the 103rd Annual Meeting of the American
Association for Thoracic Surgery; May 8, 2023;
Los Angeles, California.

Data Sharing Statement: See Supplement 2.

REFERENCES

1. Coffey S, Roberts-Thomson R, Brown A, et al.
Global epidemiology of valvular heart disease. Nat
Rev Cardiol. 2021;18(12):853-864.

2. Coffey S, Cox B, Williams MJ. Lack of progress in
valvular heart disease in the pre-transcatheter
aortic valve replacement era: increasing deaths and
minimal change in mortality rate over the past three
decades. Am Heart J. 2014;167(4):562-567.e2.

3. El-Hamamsy I, Toyoda N, Itagaki S, et al.
Propensity-matched comparison of the Ross
procedure and prosthetic aortic valve replacement
in adults. J Am Coll Cardiol. 2022;79(8):805-815.

4. Etnel JRG, Huygens SA, Grashuis P, et al.
Bioprosthetic aortic valve replacement in
nonelderly adults: a systematic review,
meta-analysis, microsimulation. Circ Cardiovasc
Qual Outcomes. 2019;12(2):e005481.

5. Goldstone AB, Chiu P, Baiocchi M, et al.
Mechanical or biologic prostheses for aortic-valve
and mitral-valve replacement. N Engl J Med. 2017;
377(19):1847-1857.

6. Huygens SA, Etnel JRG, Hanif M, et al.
Bioprosthetic aortic valve replacement in elderly
patients: meta-analysis and microsimulation.
J Thorac Cardiovasc Surg. 2019;157(6):2189-2197.e14.

7. Korteland NM, Etnel JRG, Arabkhani B, et al.
Mechanical aortic valve replacement in non-elderly
adults: meta-analysis and microsimulation. Eur
Heart J. 2017;38(45):3370-3377.

8. Mokhles MM, Körtke H, Stierle U, et al. Survival
comparison of the Ross procedure and mechanical

valve replacement with optimal self-management
anticoagulation therapy: propensity-matched
cohort study. Circulation. 2011;123(1):31-38.

9. Kvidal P, Bergström R, Hörte LG, Ståhle E.
Observed and relative survival after aortic valve
replacement. J Am Coll Cardiol. 2000;35(3):747-756.

10. Mastrobuoni S, de Kerchove L, Solari S, et al.
The Ross procedure in young adults: over 20 years
of experience in our Institution. Eur J Cardiothorac
Surg. 2016;49(2):507-512.

11. Yokoyama Y, Kuno T, Toyoda N, et al. Ross
procedure versus mechanical versus bioprosthetic
aortic valve replacement: a network meta-analysis.
J Am Heart Assoc. 2023;12(1):e8066.

12. El-Hamamsy I, Eryigit Z, Stevens LM, et al.
Long-term outcomes after autograft versus
homograft aortic root replacement in adults with
aortic valve disease: a randomised controlled trial.
Lancet. 2010;376(9740):524-531.

13. Ross DN. Replacement of aortic and mitral
valves with a pulmonary autograft. Lancet. 1967;2
(7523):956-958.

14. Aboud A, Charitos EI, Fujita B, et al. Long-term
outcomes of patients undergoing the Ross
procedure. J Am Coll Cardiol. 2021;77(11):1412-1422.

15. David TE, Ouzounian M, David CM,
Lafreniere-Roula M, Manlhiot C. Late results of the
Ross procedure. J Thorac Cardiovasc Surg. 2019;157
(1):201-208.

16. Etnel JRG, Grashuis P, Huygens SA, et al. The
Ross procedure: a systematic review, meta-analysis,
and microsimulation. Circ Cardiovasc Qual Outcomes.
2018;11(12):e004748.

17. Takkenberg JJ, Klieverik LM, Schoof PH, et al.
The Ross procedure: a systematic review and
meta-analysis. Circulation. 2009;119(2):222-228.

18. Mazine A, El-Hamamsy I, Verma S, et al. Ross
procedure in adults for cardiologists and cardiac
surgeons: JACC state-of-the-art review. J Am Coll
Cardiol. 2018;72(22):2761-2777.

19. David TE, David C, Woo A, Manlhiot C. The Ross
procedure: outcomes at 20 years. J Thorac
Cardiovasc Surg. 2014;147(1):85-93.

20. Yacoub MH. The Ross operation and the long
windy road to the clinic. J Am Coll Cardiol. 2022;79
(8):816-818.

21. Yacoub MH, El-Hamamsy I, Sievers HH, et al.
Under-use of the Ross operation—a lost
opportunity. Lancet. 2014;384(9943):559-560.

22. Criteria Committee of the New York Heart
Association. Nomenclature and Criteria for
Diagnosis of Diseases of the Heart and Great Vessels.
Vol 9. Little, Brown & Co; 1994:253-256.

23. Clark TG, Altman DG, De Stavola BL.
Quantification of the completeness of follow-up.
Lancet. 2002;359(9314):1309-1310.

24. Akins CW, Miller DC, Turina MI, et al; Councils of
the American Association for Thoracic Surgery;
Society of Thoracic Surgeons; European Association
for Cardio-Thoracic Surgery; Ad Hoc Liaison
Committee for Standardizing Definitions of
Prosthetic Heart Valve Morbidity. Guidelines for
reporting mortality and morbidity after cardiac
valve interventions. J Thorac Cardiovasc Surg.
2008;135(4):732-738.

25. Erasmus MC. Estimating background mortality
for survival analysis. Accessed May 1, 2023. https://
emcbiostatistics.shinyapps.io/Kit_BGMortality/

26. Hickey GL, Mokhles MM, Chambers DJ,
Kolamunnage-Dona R. Statistical primer:
performing repeated-measures analysis. Interact
Cardiovasc Thorac Surg. 2018;26(4):539-544.

27. Wang X, Andrinopoulou ER, Veen KM, Bogers
AJJC, Takkenberg JJM. Statistical primer: an
introduction to the application of linear
mixed-effects models in cardiothoracic surgery
outcomes research-a case study using homograft
pulmonary valve replacement data. Eur J
Cardiothorac Surg. 2022;62(4):62.

28. Ryan WH, Prince SL, Culica D, Herbert MA. The
Ross procedure performed for aortic insufficiency is
associated with increased autograft reoperation.
Ann Thorac Surg. 2011;91(1):64-69.

29. Laudito A, Brook MM, Suleman S, et al. The
Ross procedure in children and young adults:
a word of caution. J Thorac Cardiovasc Surg. 2001;
122(1):147-153.

30. David TE, Woo A, Armstrong S, Maganti M.
When is the Ross operation a good option to treat
aortic valve disease? J Thorac Cardiovasc Surg.
2010;139(1):68-73.

31. Mazine A, El-Hamamsy I. The Ross procedure is
an excellent operation in non-repairable aortic
regurgitation: insights and techniques. Ann
Cardiothorac Surg. 2021;10(4):463-475.

32. Takkenberg JJ, Puvimanasinghe JP, van
Herwerden LA, et al. Decision-making in aortic
valve replacement: bileaflet mechanical valves
versus stented bioprostheses. Neth Heart J. 2003;11
(1):5-10.

33. Notenboom ML, Schuermans A, Etnel JRG,
et al. Paediatric aortic valve replacement:
a meta-analysis and microsimulation study. Eur
Heart J. 2023;44(34):3231-3246.

34. Sarsam MA, Yacoub M. Remodeling of the
aortic valve anulus. J Thorac Cardiovasc Surg. 1993;
105(3):435-438.

35. David TE, Feindel CM. An aortic valve-sparing
operation for patients with aortic incompetence
and aneurysm of the ascending aorta. J Thorac
Cardiovasc Surg. 1992;103(4):617-621.

36. El-Hamamsy I. Commentary: valve sparing
surgery after the Ross procedure: keeping the
promise alive. JTCVS Tech. 2021;10:413-414.

37. Starnes VA, Elsayed RS, Cohen RG, et al.
Long-term outcomes with the pulmonary autograft
inclusion technique in adults with bicuspid aortic
valves undergoing the Ross procedure. J Thorac
Cardiovasc Surg. 2023;165(1):43-52.e2.

38. Skillington PD, Mokhles MM, Takkenberg JJ,
et al. Twenty-year analysis of autologous support of
the pulmonary autograft in the Ross procedure.
Ann Thorac Surg. 2013;96(3):823-829.

39. Ozturk M, Tongut A, Hanabergh SS, Yerebakan
C, Khoury GE, d’Udekem Y. The Ross procedure
with the inclusion technique. Oper Tech Thorac
Cardiovasc Surg. 2022;27:414-422.

40. Mazine A, Ghoneim A, El-Hamamsy I. The Ross
procedure: how i teach it. Ann Thorac Surg. 2018;
105(5):1294-1298.

41. Yacoub MH. The Ross operation—an
evolutionary tale. Asian Cardiovasc Thorac Ann.
2006;14(1):1-2.

42. Ibrahim ME, Lawrence KM, Bavaria JE, et al.
Results of a multimodal approach for the launch of

Long-Term Clinical and Echocardiographic Outcomes After the Ross Procedure Original Investigation Research

jamacardiology.com (Reprinted) JAMA Cardiology January 2024 Volume 9, Number 1 13

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Pennsylvania user on 04/15/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2023.4090?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.4090
https://www.ncbi.nlm.nih.gov/pubmed/34172950
https://www.ncbi.nlm.nih.gov/pubmed/34172950
https://www.ncbi.nlm.nih.gov/pubmed/24655706
https://www.ncbi.nlm.nih.gov/pubmed/35210036
https://www.ncbi.nlm.nih.gov/pubmed/30760011
https://www.ncbi.nlm.nih.gov/pubmed/30760011
https://www.ncbi.nlm.nih.gov/pubmed/29117490
https://www.ncbi.nlm.nih.gov/pubmed/29117490
https://www.ncbi.nlm.nih.gov/pubmed/30501946
https://www.ncbi.nlm.nih.gov/pubmed/29045647
https://www.ncbi.nlm.nih.gov/pubmed/29045647
https://www.ncbi.nlm.nih.gov/pubmed/21173349
https://www.ncbi.nlm.nih.gov/pubmed/10716479
https://www.ncbi.nlm.nih.gov/pubmed/25736279
https://www.ncbi.nlm.nih.gov/pubmed/25736279
https://www.ncbi.nlm.nih.gov/pubmed/36565200
https://www.ncbi.nlm.nih.gov/pubmed/20684981
https://www.ncbi.nlm.nih.gov/pubmed/4167516
https://www.ncbi.nlm.nih.gov/pubmed/4167516
https://www.ncbi.nlm.nih.gov/pubmed/33736823
https://www.ncbi.nlm.nih.gov/pubmed/30104067
https://www.ncbi.nlm.nih.gov/pubmed/30104067
https://www.ncbi.nlm.nih.gov/pubmed/30562065
https://www.ncbi.nlm.nih.gov/pubmed/30562065
https://www.ncbi.nlm.nih.gov/pubmed/19118260
https://www.ncbi.nlm.nih.gov/pubmed/30497563
https://www.ncbi.nlm.nih.gov/pubmed/30497563
https://www.ncbi.nlm.nih.gov/pubmed/24084276
https://www.ncbi.nlm.nih.gov/pubmed/24084276
https://www.ncbi.nlm.nih.gov/pubmed/35210037
https://www.ncbi.nlm.nih.gov/pubmed/35210037
https://www.ncbi.nlm.nih.gov/pubmed/25131967
https://www.ncbi.nlm.nih.gov/pubmed/11965278
https://www.ncbi.nlm.nih.gov/pubmed/18374749
https://www.ncbi.nlm.nih.gov/pubmed/18374749
https://emcbiostatistics.shinyapps.io/Kit_BGMortality/
https://emcbiostatistics.shinyapps.io/Kit_BGMortality/
https://www.ncbi.nlm.nih.gov/pubmed/29596693
https://www.ncbi.nlm.nih.gov/pubmed/29596693
https://www.ncbi.nlm.nih.gov/pubmed/36005884
https://www.ncbi.nlm.nih.gov/pubmed/36005884
https://www.ncbi.nlm.nih.gov/pubmed/21172487
https://www.ncbi.nlm.nih.gov/pubmed/11436048
https://www.ncbi.nlm.nih.gov/pubmed/11436048
https://www.ncbi.nlm.nih.gov/pubmed/20106360
https://www.ncbi.nlm.nih.gov/pubmed/20106360
https://www.ncbi.nlm.nih.gov/pubmed/34422558
https://www.ncbi.nlm.nih.gov/pubmed/34422558
https://www.ncbi.nlm.nih.gov/pubmed/25696138
https://www.ncbi.nlm.nih.gov/pubmed/25696138
https://www.ncbi.nlm.nih.gov/pubmed/37366156
https://www.ncbi.nlm.nih.gov/pubmed/37366156
https://www.ncbi.nlm.nih.gov/pubmed/8445922
https://www.ncbi.nlm.nih.gov/pubmed/8445922
https://www.ncbi.nlm.nih.gov/pubmed/1532219
https://www.ncbi.nlm.nih.gov/pubmed/1532219
https://www.ncbi.nlm.nih.gov/pubmed/34977767
https://www.ncbi.nlm.nih.gov/pubmed/33685733
https://www.ncbi.nlm.nih.gov/pubmed/33685733
https://www.ncbi.nlm.nih.gov/pubmed/23870828
https://www.ncbi.nlm.nih.gov/pubmed/29481789
https://www.ncbi.nlm.nih.gov/pubmed/29481789
https://www.ncbi.nlm.nih.gov/pubmed/16432108
https://www.ncbi.nlm.nih.gov/pubmed/16432108
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.4090


a Ross program. Annals of Thoracic Surgery Short
Reports. 2023;1:210-213.

43. Romeo JLR, Papageorgiou G, da Costa FFD,
et al. Long-term clinical and echocardiographic
outcomes in young and middle-aged adults
undergoing the Ross procedure. JAMA Cardiol.
2021;6(5):539-548.

44. El-Hamamsy I, O’Gara PT, Adams DH. The Ross
procedure: clinical relevance, guidelines
recognition, and centers of excellence. J Am Coll
Cardiol. 2022;79(10):1006-1009.

45. Reece TB, Welke KF, O’Brien S, Grau-Sepulveda
MV, Grover FL, Gammie JS. Rethinking the ross

procedure in adults. Ann Thorac Surg. 2014;97(1):
175-181.

46. Elefteriades JA. Should we abandon
homografts? J Am Coll Cardiol. 2010;55(4):
377-378.

Invited Commentary

The Longest Reported Outcomes of the Ross Procedure
Tsuyoshi Kaneko, MD; Maral Ouzounian, MD, PhD

The ideal aortic valve substitute is accompanied by long
durability, avoidance of anticoagulation, and great valvular
hemodynamics. Unfortunately, the 2 major choices for valve

prostheses, bioprosthetic and
mechanical valves, do not
fulfill these ideal valve char-
acteristics. In 1967, to over-

come the limitations of mechanical prostheses, Donald
Ross, DSc, performed the first Ross procedure, in which he
implanted the harvested pulmonary autograft into the aortic
position and placed a pulmonary homograft in the pulmonic
position.1 Its primary indication was in growing children to
avoid anticoagulation and repeated surgical procedures. With
success in the pediatric population, the Ross procedure was
expanded to the adult population in the pursuit of an ideal
valve prosthesis. Unfortunately, in the early 2000s, autograft
dilatation and autograft and homograft reintervention were
reported, which hampered the initial excitement of this pro-
cedure expanding into the adult population.2,3 It was not
until recently that the Ross procedure regained popularity,
mainly due to multiple studies showing superior survival com-
pared with other prostheses and, unlike any other valve sub-
stitute, long-term survival equivalent to that of the general
population.4,5 The Ross procedure has lower reintervention
rates than bioprosthetic valves and lower thrombotic and hem-
orrhagic complications than mechanical valves. Today, the Ross
procedure is one of the fastest-growing operations in adult
cardiac surgery.

In JAMA Cardiology, Notenboom et al6 report the very long-
term outcomes of their previously published randomized clini-
cal study comparing the Ross procedure with aortic homo-
grafts. The randomized clinical trial showed superior survival,
freedom from reoperation, and quality of life for patients un-
dergoing the Ross procedure at 10 years.4 In the current study,6

the authors report the longest published follow-up of the Ross
procedure, with a median follow-up of 24.1 years (IQR, 22.6-
26.1 years) of the Ross cohort of the randomized clinical
trial (n = 108). The clinical follow-up was thorough, with only
3 patients lost to follow-up, although echocardiographic
follow-up was available in only 71% of patients. The Ross pro-
cedure is typically offered only to young, healthy patients, and
this cohort had a median age of 38 years (range, 19-66 years).
However, Prof Yacoub, who performed all these operations, was
not overly selective, as 45 patients (42%) were undergoing
reoperations and 9 (8%) had active endocarditis. There was 1

perioperative death; notably, the 25-year survival was 83.0%
(95% CI, 75.5%-91.2%), not different from that of the general
population. At 25 years, freedom from any reintervention was
71.1% (95% CI, 61.6%-82.0%), with 80.3% (95% CI, 71.9%-
89.6%) freedom from autograft reintervention and 86.3%
(95% CI, 79.0%-94.3%) freedom from homograft reinterven-
tion. The authors should be congratulated for providing strong
evidence that the Ross procedure restores life expectancy in
the hands of an excellent surgeon.

Over the past few years, discussion of lifetime manage-
ment of aortic valve disease has been a hot topic in structural
heart disease. This correlates to the rapid expansion of trans-
catheter aortic valve replacement (TAVR) in younger, low-
risk patients, with up to 50% of patients younger than 65 years
now receiving a TAVR in the US.7 The discussion is mainly led
by the choice of surgical bioprosthesis vs TAVR in the younger
population and their subsequent risk when reintervention is
needed.8 Patients with a life expectancy of 20 years or more
who receive a bioprosthesis—either transcatheter or surgical—
will nearly certainly require reintervention if they live long
enough. A TAVR-first approach is problematic given the
uncertainty around the feasibility and functionality of a sec-
ond TAVR and the risk of surgical explantation of those valves.
Valve-in-valve TAVR into a surgical bioprosthetic valve is a low-
risk procedure, but its results are entirely predicated on the size
of the bioprosthesis. The evidence shown here provides an
even stronger argument that the Ross procedure should be con-
sidered in the lifetime management of aortic valve disease. The
Ross procedure becomes a truly attractive option in younger
patients with long life expectancy, particularly given data from
the SWEDEHEART (Swedish Web-System for Enhancement and
Development of Evidence-Based Care in Heart Disease Evalu-
ated According to Recommended Therapies) study showing
that surgical aortic valve replacement shortens life expec-
tancy, more significantly so in the younger population.9

Several observations have been made to temper the en-
thusiasm of the Ross procedure. First, the aortic regurgita-
tion in this cohort worsened over time, potentially leading to
late reinterventions.6 Slow but steady dilatation of the auto-
graft and dysfunction of the neo-aortic valve were observed
in this study, although rates of degeneration compare favor-
ably with those for bioprosthetic valves. Reoperations on
the autograft have been argued to be complex and risky, and
a death was observed in this series. Nevertheless, several re-
ports have shown that reintervention after the Ross procedure
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