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State-of-the-art: Insights from the Ross Registry
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ABSTRACT

The treatment of aortic valve disease in young patients is still a major clinical chal-
lenge, as the pre-eminent emphasis is on durability and long-term outcomes
beyond 10 to 15 years, sometimes>20 to 30 years. The Ross procedure uses the
autologous pulmonary valve as an aortic valve substitute and aims to improve valve
durability while avoiding anticoagulation and therefore achieve a sustained long-
term result with regard to survival, valve functionality, and quality of life. However,
this procedure is technically demanding and only performed at a low frequency.
Data investigating the Ross procedure are mostly limited to observational studies
from single expert centers, while sufficient randomized data are almost completely
lacking. Therefore, to create a clinically relevant database of this therapy, the multi-
center Ross Registry was founded in 2001. New patients were included, follow-up of
past patients continuously updated, and outcomes regularly reported. Throughout
recent years, numerous analyses have been performed to characterize this patient
population, surgical techniques, risk factors for morbidity and mortality, and most
importantly survival outcomes. Currently, more than 2500 patients are included,
and the long-term follow-up has reached>25 years in the very first patients who
were included. In the most recent study, 2444 adult patients with a mean age of
44.1 � 11.7 years were analyzed, and it showed that excellent mid-term survival is
maintained after 25 years. In addition, the rate of reintervention was lower than re-
ported in patients with xenografts and anticoagulation-related morbidity lower than
reported in patients with mechanical valves. In the absence of robust randomized
controlled trials, registry data are very important to monitor outcomes and mirror
the quality of current practice. Therefore, the Ross Registry provides a unique and
important data base regarding treatment of aortic valve disease in young patients.
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Schematic depiction of the Ross procedure and its
surgical techniques.
CENTRAL MESSAGE

Data regarding the Ross pro-
cedure are mostly limited to
relatively small observational an-
alyses. The Ross Registry pro-
vides a unique database to
scientifically evaluate the Ross
procedure.
See Commentary on page 401.
The Ross procedure uses the autologous pulmonic valve to
replace the aortic valve (Figure 1,D) and is characterized by
distinct differences compared with conventional prosthetic
valves, as patients require no anticoagulation while showing
excellent long-term outcomes with a relatively low risk for
reoperation.1 In addition, past reports suggest that this pro-
cedure is associated with excellent hemodynamics, low
incidence of thromboembolism/bleeding, and a good qual-
ity of life.1-3 Nevertheless, the Ross procedure is still not in
widespread use compared with conventional prosthetic
valve replacement.4 This is related to the complexity of
the procedure but also to the lack of randomized data and
therefore a solid recommendation for this procedure in
guidelines.5,6 Concerns have been raised that a “1-valve dis-
ease” turns into a “2-valve procedure” and the risk for rein-
tervention for the right ventricular outflow tract (RVOT).
The controversy of this procedure has continued to this
day. To fill this knowledge gap, the Ross Registry was initi-
ated in 2001, which has become the largest one of this kind
worldwide. This manuscript provides an overview of the
history of the Ross Registry, its structure, important lessons
learned from the past, and future directions.
THE ROSS REGISTRY—HOW DOES IT WORK
ANDWHY IS IT IMPORTANT?

The Ross Registry was initiated in L€ubeck, Germany, in
2001. Retrospective baseline data were obtained for patients
treated between 1988 and 2001, and a prospective registry
was begun in 2001. The Registry did not have any exclusion
criteria, nor did it require a certain case load of the contrib-
uting center. However, we do require new centers to be
actively performing Ross procedures to depict current
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FIGURE 1. Schematic depiction of the Ross procedure and its surgical techniques. A, Subcoronary technique. B, Root-replacement technique. C, Root

replacement þ reinforcement technique. D, View of the aortic and pulmonic valve, both replaced by semilunar valves.
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practice. It was designed as an observational “all-comers”
registry that aimed to continuously include patients of any
age. The primary goal was to establish a multicenter regis-
try to allow for longitudinal follow-up of these patients and
regular critical scientific review of this procedure. This
seemed very important, particularly due to the absence of
robust randomized trials. To date, only 2 randomized
controlled trials (RCTs) that included a treatment arm for
the Ross procedure have been conducted.7,8 In addition,
although RCTs are considered the best type of study design
to investigate the role of a specific treatment modality, such
trials also have significant limitations, such as low patient
numbers, limited follow-up, and investigation of highly
selected patient groups that are treated by a small number
of centers. Large registry data can overcome these limita-
tions and have become an inevitable data source to guide
clinical decision-making, even in the presence of
RCTs.9,10 Another advantage of a large multicenter registry
is the evaluation of a procedure across different surgeons
and centers. Although some reports have investigated the
long-term results after the Ross procedure, these data are
usually derived from single expert centers. For a specific
and complex procedure such as the Ross procedure, it is
particularly important to evaluate the feasibility and success
rates not only in expert centers but in as many centers as
possible to realistically depict clinical practice. To date,
the registry has culminated data on almost 3000 patients
from 12 European centers (8 from Germany, and 1 from
the Netherlands, Ukraine, Czech Republic, and Austria)
(Figure 2, A). The median age of the current registry popu-
lation is 43 years (25th and 75th percentile: 30 and 52 years)
(Figure 2, B). Therefore, the registry represents mostly
“nonelderly adults” (n>2400) but also includes>350 pa-
tients younger than 18 years of age.
All contributing data are self-reported by the centers

and are not audited. Initial data are collected at the time
of surgery, which include demographic data, comorbid-
ities, echocardiographic data, anatomical findings,
surgical details, and information on the postoperative
course until discharge including echocardiography and
perioperative complications. Follow-up data are
collected regarding mortality status, cause of death,
New York Heart Association status, presence of
symptoms, redo surgery or reintervention on the
autograft or RVOT graft, autograft and RVOT graft
function, occurrence of complications (such as stroke,
bleeding, thromboembolism, endocarditis, rhythm
disorders, etc), and echocardiographic data.
JTCVS Techniques c Volume 10, Number C 397
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FIGURE 2. Characteristics of the Ross Registry. A, Cases per contributing center. B, Age and sex distribution of currently enrolled patients.
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THE ROSS REGISTRY—LESSONS LEARNED
FROM THE PAST
Surgical Technique of Autograft Insertion

It soon became clear that one cannot speak of “the” Ross
procedure, as over time several modifications of the surgical
technique have been introduced (Figure 1). The original
subcoronary inclusion technique (SC) is technically
demanding, as autograft inclusion inside the aortic annulus
may lead to distortion of the valvular geometry, increased
gradients, or regurgitation (Figure 1, A). This led to the
introduction of the total root replacement technique (RR),
which was then adopted bymost of the surgeons performing
the Ross procedure (Figure 1,B). RR is performed similar to
a Bentall procedure, with reinsertion of the coronary ostia.
B€ohm and colleagues11 compared these 2 techniques with
regard to hemodynamic results after a follow-up of
2.8 years. It was demonstrated that RR performed slightly
but statistically significantly worse than SC in terms of
the transvalvular gradient and the orifice area of the auto-
graft.11 Interestingly, the rate of autograft regurgitation>I
was low but greater after RR (RR 2.8% vs SC 1.5%).11

Subsequent clinical reports on longer-term outcomes raised
concerns over an increased risk for reintervention on the
autograft after RR, which was to be mainly due to progres-
sive autograft dilatation.12,13 Pure aortic regurgitation and a
large annular diameter at the time of the Ross procedure
were consistently shown to be risk factors for future auto-
graft dilatation and thus the risk for autograft failure. As a
failure mechanism, the sudden exposure of the pulmonic
398 JTCVS Techniques c December 2021
autograft to systemic pressures seemed a plausible explana-
tion. As a consequence, the procedure was modified by add-
ing 1 or more reinforcement components to counteract this
phenomenon (root replacementþ reinforcement [RRþ R])
(Figure 1, C). Data on 1335 patients showed that RR
without reinforcement was associated with a 6-fold
increased rate of autograft reoperation compared with
RR þ R.14 Furthermore, we observed excellent outcomes
using mainly the SC technique at our institution.15-17

However, in our latest work comprising 2444 patients, the
surgical technique (SC, RR, and RR þ R) was not
independently related to long-term survival outcomes.18

Collectively, there is no compelling evidence that clearly
suggests the superiority of one technique over the other.
This is also reflected by worldwide clinical practice in
which different centers favor different approaches.

RVOT—Replacement Substitutes
Another technical aspect concerns the substitute for the

RVOT. Surgery on the RVOT in patients with a healthy pul-
monary valve is a major point of criticism regarding the use
of the Ross procedure in patients with aortic stenosis.
Therefore, a key to long-term success is to achieve a good
hemodynamic result with a low risk of RVOT reinterven-
tion. RVOT replacement failure can occur due to valve
regurgitation and/or stenosis. Although most of the func-
tional valve deterioration was found to happen within
2 years of the Ross procedure, the incidence of significant
failure requiring reintervention in the long term was
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low.19,20 Unlike the pulmonary autograft in aortic position,
factors associated with RVOT reintervention are mainly
related to “external” factors that facilitate degeneration
rather than technical aspects. The use of a biological valve
prosthesis (xenograft) was shown to be associated with a
shorter time to reintervention, mainly due to tissue ingrowth
at the proximal anastomosis site causing valve stenosis.21

With homografts, our group and others observed signifi-
cantly better results with an estimated freedom from reinter-
vention rate of 92.3% at 15 years.22 Patient-related factors
such as younger age or sex have been suggested as risk fac-
tors as well. In our most recent analysis, the use of a biolog-
ical valve prosthesis was significantly associated with a
shorter time to RVOT reintervention compared with homo-
grafts.18 Therefore, at our institution, homografts are
currently the RVOT substitute of choice. However, we
consider the limited availability of homografts a significant
limitation for the Ross procedure. Currently, the waiting
time for a homograft in Germany is>3 weeks, which is
not sufficient for some patient cases. Therefore, further
improvement of RVOT substitutes in our view bears poten-
tial to improve outcomes even more.

THE ROSS REGISTRY—PERSPECTIVE
So far, the Ross registry has provided unique long-term

follow-up data up to 25 years. The latest analysis was
recently published and showed excellent long-term results
with regard to survival as well as the risk of reintervention,
thromboembolism, bleeding, and endocarditis.18 Despite
these achievements, many questions remain open. The
optimal surgical technique and RVOT substitute of choice
are still a matter of debate, and number of patients who
have reached follow-up>15 to 20 years is still low. There-
fore, obtained results are estimates with variable accuracy.
One of the most important aspects and challenges for the
future will be to maximize inclusion of patient numbers
and complete follow-up data to further increase the scienti-
fic and clinical value of this registry. At this stage, wewould
warmly welcome any Ross Center worldwide to participate
in this registry.

Another remaining question is whether single-arm regis-
try data are suitable for comparison with external data from
patients with other aortic valve replacement (AVR) substi-
tutes (ie, mechanical AVR). Although one RCT including
patients who underwent the Ross procedure has compared
the Ross procedure with aortic homograft replacement,7

the other RCT is limited by a low patient number
(n ¼ 20).8 A large RCT that compares the Ross procedure
with AVR using contemporary prosthetic valves is needed,
but it is highly questionable if such a trial can be conducted
due to significant challenges. First, the Ross procedure is
performed by a relatively small number of centers and
limited number of surgeons. Second, young and middle-
aged patients undergoing AVR are typically otherwise
healthy; therefore, a long follow-up period would be
required to detect any significant difference in outcomes.
Third, implications of each treatment arm on the patient’s
life are dramatically different (eg, lifelong anticoagulation,
etc). As a result, patients and physicians often have strong
biases in favor or against different AVR options, and pa-
tients are not willing to participate in randomization. There-
fore, in the foreseeable future, the Ross registry will remain
an important data source of patients who underwent the
Ross procedure, and continued follow-up of these will be
critical to evaluate outcomes into the third decade after
the initial operation. In addition, long-term functionality
and durability for newer RVOT substitutes, such as cell
free homografts, will be evaluated, and the database has
been extended to also incorporate data of an increasing
number of interventional therapies (eg, transcatheter aortic
valve replacement) in the context of the Ross procedure.
CONCLUSIONS
Data from the multicenter Ross Registry have given an-

swers to some important aspects regarding the Ross proced-
ure. Past analyses indicate that this operation seems to hold
its promise with regard to a sustained long-term result char-
acterized by excellent survival and low valve-related
morbidity. The Ross procedure is the only treatment option
for aortic stenosis that has shown the potential to restore life
expectancy, matching that of the age- and sex-matched gen-
eral population. Nevertheless, there is a certain risk of reop-
eration and a late decline in valve performance in some
patients, indicating that the Ross procedure does not
entirely match normal aortic valve conditions. For further
quality improvement, a high degree of standardization us-
ing modern technology such as artificial intelligence would
be an interesting approach. All efforts have to be undertaken
to maintain the high-quality level of the procedure and
further improve outcomes while regularly reviewing
contemporary outcomes by providing scientific reports.
This should always be performed taking into account
“competing” therapeutic options and the development of in-
novations in this field. This is the only way to increase
acceptance of this procedure among physicians, which
will translate to an increased interest in patients as well.
The goal of the Ross Registry is not to promote the use of
the Ross procedure but to optimize patient care for patients
with aortic valve disease.
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