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Background: The management of aortic valve disease is becoming increasingly complicated with the
evolution of treatment options available to cardiac surgeons and cardiologist. Pulmonary autograft
replacement of the aortic valve, commonly known as the Ross procedure, involves excision of the pulmonary
valve from the right ventricular outflow tract and implantation in the aortic position. This systematic review
aims to evaluate the long-term outcomes, following the Ross procedure.

Methods: An electronic search strategy queried five online medical referencing databases from inception
to 21 August 2020. All studies detailing the long-term outcomes of adults undergoing the Ross procedure
were included. A random effects model was used to determine pooled continuous data. Enhanced secondary
survival analysis was performed on reconstructed individual patient data.

Results: Twenty-three studies were included in the qualitative synthesis, including a total of 6,278 patients
with a mean follow-up duration of 6.0£2.8 years. Long-term survival was 95.6%, 91.8%, 86.3% and 80.5%
at five, ten, fifteen and twenty years, respectively. Freedom from autograft reoperation was 95.7%, 91.2%,
84.9% and 76.1% at five, ten, fifteen and twenty years, respectively.

Conclusions: When performed in experienced centres and for appropriately selected patients, the Ross

procedure represents a durable replacement of the aortic valve with excellent long-term survival.
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Introduction

The management of aortic valve disease is becoming
increasingly complicated with the evolution of treatment
options available to cardiac surgeons and cardiologists. The
question of which operation is optimal for younger patients
is particularly pertinent. A young patient will almost
certainly have a life expectancy greater than the projected
functional lifespan of a bioprosthetic valve replacement,
whereas a mechanical prosthesis necessitates life-long
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anticoagulation and, is associated with an increased risk of
thromboembolism and bleeding events (1,2).

Pulmonary autograft replacement of the aortic valve, or
the Ross procedure, was developed in 1967 (3), whereby
the pulmonary valve was excised from the right ventricular
outflow tract (RVOT) and implanted in the aortic position
using a subcoronary implantation technique. The RVOT
is reconstructed using a pulmonary valve homograft. This
operation aims to replace the aortic valve with autologous
tissue, obviating the need for anticoagulation and should
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have long-term durability with physiological hemodynamic
function. Since its inception, various techniques of
performing the Ross procedure have evolved including
autograft free-standing root replacement, which may be
supported or unsupported in addition to the originally
described subcoronary technique. In general, preference has
been to use a homograft to reconstruct the RVOT, however,
there is some experience using xenograft where there is no
access to cryopreserved homograft.

Nonetheless, this operation is very technically demanding,
involving a significant learning curve with a risk of early
failure and the need for reoperation (4,5). Furthermore,
operating on both the aortic and pulmonary valves introduces
the risk of complications at both sites. Autograft failure can
occur due to leaflet degeneration, annular or neo-aortic
dilatation. Homograft failure can occur due to pulmonary
regurgitation or more commonly, pulmonary artery stenosis.

In this systematic review we aim to determine the
long-term outcomes of the Ross procedure performed in
experienced centers in adults.

Methods
Literature search strategy

This meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations and
guidelines. The search strategy queried the electronic
databases EMBASE, Ovid Medline, the entire Cochrane
Central Register of Controlled Trails (CCRCT), Cochrane
Database of Systematic Reviews (CDSR) and the Database
of Abstracts of Reviews of Effects (DARE) from inception
to 21 August 2020. The search terms were: Ross procedure
OR aortic autograft OR pulmonary autograft OR pulmonic
autograft OR aortic valve autograft OR pulmonary valve
autograft OR pulmonic valve autograft. The reference lists
of previous systematic reviews were assessed to ensure no
additional publications were missed.

Search criteria

Eligibility for inclusion in this systematic review and meta-
analysis included all studies that assessed the outcomes of
adult patients undergoing treatment for aortic valve disease
with the Ross procedure. In order to ensure sufficient center
experience, papers were only included if more than thirty
cases were reported. To ensure adequate follow-up duration
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was observed, only papers that detailed a minimum mean
follow-up of five years were included. Only English language
papers were analyzed. Studies with inadequate data regarding
outcomes and studies in which we were unable to separate
pediatric from adult populations were excluded. For the
purpose of this study, patients aged sixteen years and older,
are classified as an adult. If centers reported outcomes of
overlapping patient series, the most complete, contemporary
series was analyzed. Conference abstracts, case reports,
editorials, reviews, letters and expert opinion pieces were
excluded. Article identification and inclusion were performed
independently by two authors (CD Flynn and JH De Bono)

and discussed until consensus was reached.

Data extraction

For the assessed papers, data was extracted from the
reviewed text, tables and figures. Data was extracted
independently by two authors (B Muston and N Rattan),
then checked and validated by a senior author (CD
Flynn), with any discrepancies reviewed and discussed
until consensus was reached. The recorded parameters
included: operative technique used for autograft, RVOT
reconstruction technique, patient demographics, early
mortality (in hospital or within the first thirty days post-
operatively), stroke and reoperation information (excluding
emergency reoperation for tamponade, bleeding or low
cardiac output state).

A priori subgroup assessments were to be performed on
long-term reoperation rates determined by operative technique
of autograft replacement and RVOT reconstruction strategy.

Statistical analysis

Meta-analysis of operative and post-operative variables
was performed. Incidence data was assessed using
Comprehensive Meta-analysis v3.3 (Biostat, Englewood,
NJ, USA). For continuous data with central tendency
described using median values, the mean and standard
deviation were estimated using calculations described
by Wan and colleagues (6). Due to the varied patient
populations, a random-effects model was chosen for
all analyses. Data significance and heterogeneity were
assessed using the Cochrane Q statistic and the I’ test
statistic respectively, with significance set at P value <0.05
and significant heterogeneity denoted by an I’ value >50.
Guyot’s iterative algorithm was applied to digitized Kaplan-
Meier curves to reconstruct individual patient data (7,8).
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This approach assumed a constant, non-informative
censoring mechanism. The reconstructed patient data
were then aggregated to form the combined survival curve.
A log-rank test was not used to assess the significance of
comparison between survival curves due to an increased
level of assumption in the reconstruction. Digitization of
source Kaplan Meier curves was performed using Digitizelt
(version 2.5.9, Braunschweig, Germany). Survival analysis
was performed using R (R version 3.6.1, R Foundation for
Statistical Computing, Vienna, Austria).

Study quality

Study quality was assessed using the modified Canadian
National Institute of Health Economics (CNIHE)
assessment tool for case series (9) (Table S1). Studies were
considered high quality if they addressed at least thirteen
of the fifteen criteria outlined in the CNIHE tool, of
moderate quality if ten to twelve criteria were addressed
and of low quality if fewer than ten criteria were addressed
(Table S2). Study quality was independently assessed by
two investigators (B Muston and N Rattan) with review and
consensus achieved with a senior author (CD Flynn).

Results
Search results

The search strategy revealed 2,051 citations after duplicates
were removed that underwent title and abstract review. No
additional references were identified on review of reference
lists. After initial review, 297 full text articles were reviewed
and twenty-three papers were identified that fulfilled the
pre-defined inclusion and exclusion criteria (see PRISMA
flow chart, Figure SI).

Study quality

Study quality was variable; four studies were deemed high
quality, thirteen studies were deemed moderate quality,
with the remaining six studies being low quality (Figure S1).
Deficiencies in study quality tended to be due to the
retrospective, single center study design, failure to detail
losses to follow-up and poor reporting of conflicts of interest.

Patient demographic results

The total patient population consisted of 6,278 individual
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patients with a mean follow-up duration of 9.8 years [95%
confidence interval (CI): 8.5-11.1 years, I' =99%] (Tuble 1).
The mean age of the patient population was 38.7 years
(95% CI: 38.5-38.8 years, I' =100%). The most commonly
performed technique to replace the aortic valve with
autograft was an unsupported free-standing aortic root
replacement, which was performed in 3,130 patients (49.9%
of patients). A supported aortic root replacement was used
for 1,629 patients (25.9% of patients) with support being
afforded by either autologous aortic tissue or prosthetic
tissue. A subcoronary technique was used in 1,280 patients
(20.4% of patients). The technique of implanting the
autograft was undefined for 239 patients (3.4% of patients).
Two papers included information for pediatric patient
populations but sufficient data was available to differentiate
the majority of the adult patient populations; for the paper
by Oeser and colleagues (10) patients over the age of
eighteen were able to be included and the paper by Bansal
and colleagues (11), patients over the age of twenty were
able to be included.

The RVOT was reconstructed using cryopreserved or
fresh decellularized pulmonary homograft in 4,909 (78.2%
of patients) patients and xenograft or other prosthetic
material was used for 1,356 patients (21.6% of patients).
The method of addressing the RVOT was unknown in
thirteen patients (0.2% of patients).

Clinical outcomes

Early mortality data was able to be extracted from twenty-
two of the twenty-three studies (11-32). Overall, there
were 105 early deaths in 6,059 patients (1.73%) within
thirty days of the initial operation. Data on stroke during
the follow-up period was reported in thirteen studies
(11-17,21,23,24,26,30,32). There were forty-six strokes
reported (1.5%) in a patient population of 3,019 patients
during the follow-up period. Ross related reoperation data
was reported in twenty studies (11-16,18,20-32). There
were 531 Ross related reoperations (10.26%) in a population
of 5,175 patients during the entire follow-up period.
Indication for Ross related reoperation during the entire
follow-up period was reliably reported in fourteen studies
(12,13,16,18,22-26,28-32) with a total patient population of
3,700 patients. Reoperation was required on the autograft
for 227 patients (5.98%), RVOT reconstruction in 120
patients (3.24%) and both the autograft and RVOT
reconstruction in fifty-four patients (1.46%).

Subsequent endocarditis was reported in fourteen studies

Ann Cardiothorac Surg 2021;10(4):411-419 | https://dx.doi.org/10.21037/acs-2021-rp-30


https://cdn.amegroups.cn/static/public/ACS-2021-RP-30-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ACS-2021-RP-30-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ACS-2021-RP-30-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ACS-2021-RP-30-Supplementary.pdf

414 Flynn et al. Ross-procedure in adults

First Stud Number Number of Number of Number of No pulmonary No Follow-up Mean age Number of Ross Number of Number of Number of redo-
author Year Location Study design focug of patients  subcoronary  unsupported root supported root homograft for xenograft for overall overall (g ears) related-redo redo- redo-homograft combined autograft
overall autograft replacement replacement RVOT RVOT (years) Y surgery overall  autograft (RVOT) + homograft

Loobuyck 2020  Lille, France Retrospective single Ross procedure for 38 3 30 5 21 17 10+£11.2 33.9+8.1 8 4 3 1
centre endocarditis in adults

Sharifulin 2019  Novosibirsk, Retrospective single Long-term pulmonary valve function 793 - 773 20 185 608 6.5+3.2 46.5+12.4 62 - - -
Russia centre after Ross in adults

Guerreiro 2019  Carnaxide, Retrospective single Single institution experience of 56 48 8 0 56 0 20.7+3 44+12 11 10 1 0
Portugal centre Ross procedure

Etnel 2018  Parana, Retrospective single Propensity matched 260 - 220 32 260 0 8.7+3.6 22.1+8.3 23 14 6 3
Brazil centre comparison of DA and SCA

Pardo 2017  Cordoba, Prospective, single Long-term pulmonary 86 0 86 0 86 0 10.7+3.8 34+9 21 - - -
Gonzélez Spain centre homograft function after Ross
procedure patients

Sievers 2016  Lubeck, Prospective, Update of German Ross 1779 823 249 707 1,617 149 8.3+5.1 44.7+11.6 175 84 69 22
Germany multicentre registry data

Mastrobuoni 2016  Brussels, Retrospective single Single institution experience of Ross 306 7 168 131 288 18 9.9+7.8 41.7+£9.7 39 28 3 8
Belgium centre procedure

Escarain 2015 Buenos Aires, Retrospective single Single institution experience of Ross 263 0 263 0 263 0 7.5+5 42+14 14 10 1 3
Argentina centre procedure

Ryan 2011 Dallas, Texas  Prospective, single Single institution experience of Ross 160 - 160 - 160 0 5.4+3.1 42+11.1 15 15 - -
centre procedure

Pergola 2020  Gothenburg, Retrospective single Single institution experience of Ross 91 = 91 = 91 0 8.1+2.3 45+12 12 9 3 0
Sweden centre procedure

Frigiola 2008  Milan, ltaly Retrospective single Single institution experience of Ross 110 - 110 - 110 0 6.8+2.5 30.2+10.5 8 7 0 1
centre procedure

2 using data from group 2 only; ®, uses data only from patient older than 18; °, uses data from patients older than 20. RVOT, right ventricular outflow tract; DA; decellularized allograft; SCA, standard cryopreserved allograft.
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Long-term survival after Ross procedure
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Figure 1 Composite survival curve of overall survival of patients

undergoing the Ross procedure.
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Figure 2 Composite survival curve of overall autograft reoperation

rates for adult patients undergoing the Ross procedure.

(12-15,17,18,20,21,23,24,26,29,30,32) with a total patient
population of 3,305. Endocarditis occurred in seventy-
four patients (2.24%) during the entire follow-up period,
however, there is insufficient data available to determine the
proportion of endocarditis that necessitated reoperation.

Overall survival

Composite survival analysis was derived from fifteen
studies (11,13-19,21-24,26,30,32). Assessment of composite
Kaplan-Meier analysis reveals long-term survival after Ross
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procedure was 95.6% (95% CI: 95.0-96.2%), 91.8% (95%
CI: 90.9-92.7%), 86.3% (95% CI: 84.9-87.7%) and 80.5%
(95% CI: 78.6-82.5%) at five, ten, fifteen, and twenty years,
respectively (Figure 1).

Reintervention on autograft

Composite survival analysis for re-intervention
on the autograft was derived from thirteen studies
(11,12,15,17,21,22,24,26-28,30-32). Pooled survival analysis
of all methods of implanting the pulmonary autograft
revealed that freedom from re-intervention on the aortic
valve was 95.7% (95% CI: 95.1-96.4%), 91.2% (95% CI:
90.1-92.3%), 84.9% (95% CI: 83.0-86.8%) and 76.1%
(95% CI: 72.8-79.8%) at five, ten, fifteen, and twenty years,
respectively (Figure 2). There is insufficient published data
to analyze re-intervention rates for different autograft
implantation techniques.

Reintervention on RVOT

Composite survival analysis for re-intervention on the
RVOT was derived from ten studies (10-12,17,18,20-
22,26,28). On assessment of composite Kaplan-Meier
analysis, freedom from intervention (percutaneous or
surgical) on the RVOT was 95.0% (95% CI: 94.2-95.7%),
90.6% (95% CI: 89.5-91.7%), 87.8% (95% CI: 86.3—
89.2%) and 84.1% (81.9-86.3%) at five, ten, fifteen, and
twenty years, respectively (Figure 3).

Two studies presented survival data for freedom from
re-intervention on the RVOT that was reconstructed with
xenograft (17,22) and eight studies reported survival data for
RVOT reconstruction with homograft (10-12,18,20-22,26).
Freedom from re-intervention on homograft reconstruction
of the RVOT was 97.9% (95% CI: 97.4-98.4%) and 96.1%
(95% CI: 95.3-96.9%), 93.5% (95% CI: 92.3-94.8%)
and 89.6% (95% CI: 87.4-91.9%) at five, ten, fifteen, and
twenty years, respectively. Freedom from reintervention on
xenograft reconstruction of the RVOT was 77.7% (95% CI:
71.4-81.4%) and 61.0% (95% CI: 56.0-66.5%) five and ten
years respectively (Figure 4).

Discussion

The two main concerns regarding the Ross procedure are
the increased early peri-operative risks associated with
a complicated operation in order to address aortic valve
disease and, the durability of the aortic and pulmonary valve
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Re-intervention on homograft after Ross procedure
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Figure 3 Composite survival curve of homograft re-intervention

rates of adult patients undergoing the Ross procedure.
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Figure 4 Composite survival curves of right ventricular outflow
tract (RVOT) re-intervention in adult patients undergoing the
Ross procedure stratified by prosthesis type.

replacement. This study attempts to determine the true
risk through thorough enhanced survival analysis, limiting
analysis to experienced centers with published long-term
data.

The landscape of aortic valve intervention has been
consistently evolving over the last few decades for all
treatment options, be it mechanical valves that require
lower reference international normalized ratios (INRs)
with improved transvalvular gradients (33), rapid
deployment bioprosthetic valves to reduce implantation
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times and simplify operative intervention (34-36) and the
revolutionary advent of transcatheter valve intervention.
Nevertheless, the decision making on the optimal prosthesis
for young patients is still far from easy. The Ross procedure
is an often forgotten option that may be of benefit for
certain population groups.

This meta-analysis of a large number of experienced
centers has demonstrated highly durable results from both
the aortic and pulmonary components of the operation with
excellent freedom from reoperation. The management of
the autograft in this study was varied between groups with
unfortunately insufficient data available to determine if
any difference in freedom from autograft re-intervention
exists between the three main techniques. The subcoronary
technique was the technique originally defined by Ross in
1967 and is a technically demanding operation that requires
close attention be paid to the position of the commissures
to ensure perfect valve geometry, otherwise placing the
patient at risk of early autograft failure. The majority of
patients in this series underwent a full root replacement
technique requiring reimplantation of one or both coronary
arteries. Frequently, the aortic annulus was supported with
a strip of pericardium or Teflon felt to prevent annular
dilatation. However, this technique does not provide any
reinforcement to the neo-sinus. Leaving the autograft
unsupported may risk progressive neo-aortic root dilatation
as was seen as a common cause of reoperation in several
studies included in this meta-analysis (12,15,26,32).
Reinforcing the autograft with prosthetic or autologous
tissue is a newer development in the procedure that aims to
reduce the risk of mid- and long-term autograft failure by
preventing progressive autograft dilatation. With the current
data, Sievers et al. (22) did not demonstrate a difference at
seventeen years between reinforced root and unsupported
root techniques. Furthermore, Mastrobuoni ez /. (24)
also found no difference in reoperation rates between
reinforced and free-standing implantation of the autograft.
However, Buratto and colleagues (19) demonstrated very
low twenty-year reoperation rates of 9% overall in a patient
population who received a supported technique of autograft
re-implantation. This is an interesting area of study with
regards to the optimal long-term performance of the
autograft in the Ross procedure.

An important finding is that reintervention on the
RVOT was markedly increased with the use of xenografts
for RVOT reconstruction. Although the data detailing
the use of xenografts was derived from only two studies
with a shorter follow-up period, the marked reduction in
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performance suggests that xenograft should only be used
in exceptional circumstances. The use of homografts to
reconstruct the RVOT is durable with exceptionally low
long-term reoperation rates as low as 3% at twenty years, as
demonstrated by Fricke and colleagues (37).

The complicated decision of choosing the most
appropriate prosthesis for younger patients usually will
revolve around the dichotomous decision of mechanical
or bioprosthetic valve replacement. Reoperation rates are
known to be significantly lower for mechanical prostheses,
as compared to bioprosthetic valves with fifteen-year
reoperation rates 4-6.9% for mechanical valves and 12.1%
for bioprosthetic valves (1,2,38). The propensity-matched
study comparing the Ross procedure to mechanical
aortic valve implantation by Buratto ez /. (19) included
in this analysis, did not show any significant difference in
reoperation rate between mechanical aortic valve with an
8% reoperation rate and Ross procedure, with reoperation
rates at 8% and 9% (P=0.74) at twenty years, respectively.
Beyond reoperation rates, the Ross procedure has been
associated with significant survival benefits when compared
to other valve prostheses, with patients having similar
long-term survival as the general population. However,
it is important to note that patients undergoing the Ross
procedure are highly selected and are therefore less likely
to have significant comorbidities which may explain some
long-term differences in patient outcomes.

The thrombogenic nature of mechanical aortic valve
prostheses necessitates lifelong anticoagulation with the
attendant risk of bleeding. The lifelong risk of stroke and
bleeding for young patients is significant. Patients with
a mechanical aortic valve have an annual risk of major
bleed of 0.85-1.4% (23,39) and an annual risk of stroke of
0.74-1.4% (40,41). Mazine et al. (23) directly compared the
outcomes of Ross procedure with mechanical aortic valve
replacement and demonstrated significantly fewer strokes,
transient ischemic attacks (TTAs) and significant bleeding
events in the Ross procedure group, as compared to the
mechanical valve group.

Limitations

Current data in unique datasets are limited to predominantly
single center studies that are retrospective in nature.
However, the presence of one large multi-center registry
data does represent real world data, however, there was
insufficient data to meaningfully extract information
regarding different techniques of autograft implantation.
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This is an area of interest as the method of autograft failure
is frequently, through regurgitation, due to aortic neo-root
dilatation.

Conclusions

When performed in experienced centers and for
appropriately selected patients, the Ross procedure
represents a durable replacement of the aortic valve with
excellent long-term survival and, relatively low rates of
re-intervention on the autograft and RVOT homograft.
Furthermore, the use of xenograft to repair the RVOT does
not appear to be a durable substitute and should be avoided
where possible.
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Supplementary

Domain Description

N

Was the study concluded prospectively (stated as such)?

S

Were patients recruited consecutively?

o

Were the eligibility criteria (i.e., inclusion ad exclusion criteria) for entry in the study clearly stated?

8 Was the intervention of interest clearly described?

10 Were relevant outcome measures established a priori?

12 Were the relevant outcome measures made before and after the intervention?

14 Was follow-up long enough for important events and outcomes to occur?

16 Did the study provided estimates of random variability in the data analysis of relevant outcomes?

18 Were the conclusions of the study supported by results?
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Table S2 Individual study quality assessment based on the Canadian Institute of Health Economics Quality Appraisal Checklist

Domain number from Canadian Institute of Health Economics Quality Appraisal Checklist

Author, year Title Total
1 2 & 4 5 6 7 8 9 10 11 12 13 14 15
Aljassim, 2011 Dilatation of the pulmonary autograft and native aorta after the Ross procedure: a 1 0 0 0 1 0 1 1 0 0 1 1 1 0 0 ® 7
comprehensive echocardiographic study
Bansal, 2015 Age-Related Outcomes of the Ross Procedure Over 20 Years 1 0 0 1 1 0 1 1 1 0 0 1 1 1 0 ® 9
Brown, 2011 The Ross full root replacement in adults with bicuspid aortic valve disease 1 0 1 1 1 1 1 1 1 0 0 1 1 1 0 o 11
Buratto, 2018 Improved Survival After the Ross Procedure Compared with Mechanical Aortic Valve 1 0 1 0 1 1 1 1 1 1 0 1 1 1 0 e 11

Replacement

Chauvette, 2020 The Ross procedure is a safe and durable option in adults with infective endocarditis: a 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 @ 13
multicentre study

Christ, 2019 Long-term results after the Ross procedure with the decellularized AutoTissue Matrix P 1 1 0 0 1 0 1 1 1 1 1 1 1 1 1 e 12
R bioprosthesis used for pulmonary valve replacement

El-Hamamsy, 2010 Long-term outcomes after autograft versus homograft aortic root replacement in adults 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 @ 13
with aortic valve disease: a randomised controlled trial

Escarain, 2015 Ross procedure in adults: is reoperation a real concern? 1 0 0 1 1 0 1 1 1 0 1 1 1 1 0 @ 10

Etnel, 2018 Fresh decellularized versus standard cryopreserved pulmonary allografts for right 1 0 0 1 1 1 1 1 0 0 0 1 1 1 1 ©c 10
ventricular outflow tract reconstruction during the Ross procedure: A propensity-
matched study

Frigiola, 2008 The Ross procedure in adults: long-term follow-up and echocardiographic changes 1 0 0 0 1 1 1 1 0 0 0 1 1 1 0 ® 38
leading to pulmonary autograft reoperation

Guerreiro, 2019 Long-term assessment of the Ross procedure in adults: Clinical and echocardiographic 1 0 0 1 1 1 1 1 1 1 1 0 1 1 1 o 12
follow-up at 20 years

Juthier, 2015 Stentless porcine bioprosthesis in pulmonary position after ross procedure: midterm 1 0 0 1 1 1 0 1 1 0 0 1 1 0 0 ® 38
results

Loobuyck, 2020 Active aortic endocarditis in young adults: long-term results of the Ross procedure 1 0 0 0 1 0 1 1 1 0 1 1 1 1 0 ® 9

Martin, 2017 Clinical Outcomes Following the Ross Procedure in Adults: A 25-Year Longitudinal Study 1 1 0 0 1 1 1 1 1 0 1 1 1 1 0 e 11

Mastrobuoni, 2016 The Ross procedure in young adults: over 20 years of experience in our Institution 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 @ 13

Mazine, 2016 Long-Term Outcomes of the Ross Procedure Versus Mechanical Aortic Valve 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 e 12

Replacement: Propensity-Matched Cohort Study

Oeser, 2019 Long-term performance of pulmonary homografts after the Ross procedure: experience 1 0 0 1 1 1 1 1 1 0 1 1 1 1 1 o 12
up to 25 years

Pardo Gonzalez, 2017 Pulmonary homograft stenosis in the Ross procedure: Incidence, clinical impact and 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1 @ 12
predictors in long-term follow-up

Pergola, 2020 The long term results of the Ross procedure: The importance of candidate selection 1 0 0 0 1 0 1 1 1 1 1 1 1 1 0 ©c 10

Ryan, 2011 The Ross procedure performed for aortic insufficiency is associated with increased 1 1 0 1 0 1 1 1 0 0 1 1 1 1 0 © 10
autograft reoperation

Settepani, 2005 The Ross operation: an evaluation of a single institution’s experience 1 0 0 0 1 0 1 1 1 0 1 1 1 1 0 ® 9

Sharifulin, 2019 Factors impacting long-term pulmonary autograft durability after the Ross procedure 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 @ 13

Sievers, 2016 A multicentre evaluation of the autograft procedure for young patients undergoing aortic 1 1 1 0 1 0 0 0 1 1 1 1 1 1 1 o 11

valve replacement: update on the German Ross Registry

Domain description: 1. Was the hypothesis/aim/objective of the study clearly stated (e.g., PICO)? 2. Was the study conducted prospectively (stated as such)? 3. Were the cases collected in more than one centre? 4. Were patients recruited
consecutively? 5. Were the characteristics of the patients included in the study described? 6. Were the eligibility criteria (i.e., inclusion and exclusion criteria) for entry into the study clearly stated? 7. Did patients enter the study at a similar point
in the disease? 8. Was the intervention of interest clearly described? 9. Were additional interventions (co-interventions) clearly described? 10. Were relevant outcome measures established a priori? 11. Were losses to follow-up reported? 12. Did
the study provided estimates of random variability in the data analysis of relevant outcomes? 13. Were the adverse events reported? 14. Were the conclusions of the study supported by results? 15. Were conflicts of interest reported? Green =
high quality, yellow = moderate quality, red = low quality.
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Figure S1 PRISMA diagram detailing meta-analysis strategy for the analysis of the Ross procedure in adult patients.
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