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Abstract

OBJECTIVES: After a Ross procedure, autograft failure can occur. At reoperation, repair of the autograft preserves the advantages of the
Ross procedure. The aim of this retrospective study was to assess mid-term results after reoperation of a failed autograft.

METHODS: Between 1997 and 2022, 30 consecutive patients (83% male; age 41 ± 11 years) underwent autograft reintervention between
60 days and 24 years (median 10 years) after a Ross procedure. The initial technique varied, full-root replacement (n = 25) being the most
frequent. The indication for reoperation was isolated autograft regurgitation (n = 7), root dilatation (>43 mm) with (n = 17) or without
(n = 2) autograft regurgitation, mixed dysfunction (n = 2) and endocarditis (n = 2). In 4 instances, the valve was replaced by valve (n = 1) or
combined valve and root replacement (n = 3). Valve-sparing procedures consisted of isolated valve repair (n = 7) or root replacement
(n = 19), and tubular aortic replacement. Cusp repair was performed in all but 2. Mean follow-up was 5.4 ± 6 years (35 days to 24 years).

RESULTS: Mean cross-clamp and perfusion times were 74 ± 26 and 132 ± 64 min. There were 2 perioperative deaths (7%; both valve re-
placement) and 2 patients died late (32 days to 1.2 years postoperatively). Freedom from cardiac death at 10 years was 96% after valve re-
pair and 50% after replacement. Two patients required reoperation (1.68 and 16 years) following repair. One underwent valve replacement
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for cusp perforation, the other, root remodelling for dilatation. Freedom from autograft reintervention at 15 years was 95%.

CONCLUSIONS: Autograft reoperations after the Ross procedure can be performed as valve-sparing operations in the majority of cases.
With valve-sparing, long-term survival and freedom from reoperation are excellent.

Keywords: Ross procedure • Pulmonary autograft dilatation • Valve-sparing procedure • Autograft failure

ABBREVIATION

AR Autograft regurgitation

INTRODUCTION

Aortic valve replacement with a pulmonary autograft offers
patients a living valve substitute that provides excellent haemo-
dynamics, freedom from long-term use of anticoagulation, min-
imal valve-related complications and the ability to grow. The
procedure is preferably employed in children and younger
patients who have a long life expectancy, exposing them to a
prolonged period of cardiac- and prosthesis-related complica-
tions. Studies from specialized centres have reported excellent
results [1–7].

Nevertheless, failure of the autograft may occur over time; in
addition, degeneration of the right ventricular conduit may de-
velop. Autograft failure has been found to follow 2 different path-
ways. Early presentation is mostly related to primary valve failure
(i.e. cusp prolapse); late failure is often associated with autograft
root dilatation [8] and tends to develop gradually, with the high-
est progression in the first 5 years [7–9].

Thus, there is an inherent risk of reintervention after the Ross
procedure. The autograft is often replaced with a stented valve
prosthesis [10–12], either by replacing the valve or autograft root
and valve as composite replacement [10–12]. This, however,
exposes the patient to the potential complications that were to
be avoided at the time of the initial procedure. The development
of valve-sparing root replacement and aortic valve repair [13–17]
represents an alternative approach, potentially preserving the
advantages of the Ross procedure. This form of surgery has, so
far, been used in selected patients (11–47%) [11, 18]. Only in 2
studies was valve preservation used in the majority of reoperative
procedures [16, 19], and in only one study, published by the
Brussels group [5, 16], was isolated valve repair performed. In
their experience, however, isolated cusp repair was associated
with suboptimal durability.

Concerns exist regarding the complexity of valve preservation
at reoperation [3, 12, 20]. These valve-sparing procedures have
been associated with increased perioperative morbidity and not
always achieved durable repair results [12, 16, 21]. This may be
due to the fact that cusp prolapse may also contribute to auto-
graft failure apart from its dilatation. Thus, a combined root and
cusp repair approach is necessary to restore autograft form and
function to normal. Interestingly, isolated cusp repair has been
associated with high rates of recurrent autograft regurgitation
(AR) [16, 21]. There is currently limited information regarding the
details of autograft failure and in particular the frequency of cusp
prolapse.

Based on our experience with concomitant valve-sparing root
replacement and cusp repair, we have applied the principles of

aortic valve repair to all failing autografts over the past 20 years
[22]. The aim of this study was to analyse the mechanisms leading
to autograft failure in detail and to assess the early and late
results of reoperations of a failed autograft.

PATIENTS AND METHODS

Ethical statement

The investigation was approved by the regional ethics committee
(Saarland Regional Ethics Committee, CEP 203/19), and individ-
ual patient consent was waived for the analysis and publication
in anonymized fashion.

Patients

Between December 1997 and June 2022, 30 consecutive patients
(83% male; mean age 41 ± 11 years) underwent autograft reinter-
vention after a Ross procedure after a median of 10 (4–13) years
(Table 1). These patients were the subject of the current study.
Overall, 280 Ross procedures were performed at our institution;
of those, 16 (6%) underwent autograft reoperation.

The initial operation had been performed 60 days to 24 years
prior to the index procedure. Fifteen patients underwent the
Ross procedure at our institution and 15 in other institutions. At
the time of the initial operation, patient age ranged from 24 to
39 years (31 ± 11 years). The initial technique had been subcoro-
nary implantation (n = 2), full-root replacement (n = 25) or cylin-
der inclusion (n = 3). Any form of annular or sinus stabilization
had been used in 13 cases (43%) as part of the initial Ross pro-
cedure (suture annuloplasty, n = 5; sinus stabilization with native
aortic wall remnants, n = 7; sinotubular junction stabilization with
a Dacron strip, n = 2) (Table 1).

The original aortic valve morphology was unicuspid in 8 (27%),
bicuspid in 11 (37%), tricuspid in 6 (20%) and quadricuspid in
1 (3%) individual. Four patients had undergone valve replace-
ment prior to the Ross procedure and the original morphology
could not be determined. Eleven patients (37%) had undergone
at least 1 cardiac operation prior to the Ross procedure, 4 (13%)
of which had undergone between 2 and 3 operations.

At the time of reoperation, the primary indication was isolated
AR (n = 7) and root dilatation (>43 mm) with (n = 17) or without
(n = 2) AR. Endocarditis was suspected in 7 patients (n = 7), which
was confirmed in 2 (n = 2), in both cases due to intravenous drug
use. Two patients had combined autograft stenosis and regurgita-
tion (n = 2; Table 2).

Autograft dilatation >_43 mm was present in 19 (63%) cases. Of
these, 9 (30%) initially underwent the Ross procedure as full root
replacement without external stabilization. Dilatation of the
ascending aorta (involving the sinotubular junction) was present
in 5 (17%) cases.
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Median and mean follow-up were 3.3 (0.8–8.1) years and
5.4 ± 6 years. Follow-up was 98% complete (160 patient-years).

Surgical technique

Intraoperative transoesophageal echocardiography was per-
formed for assessment of autograft root dimensions and indirect
evidence of cusp pathology. The surgical technique depended on
the aortic and cusp pathology encountered, including valve-
sparing root replacement, cusp repair and suture annuloplasty as
needed. Autograft diameters triggered specific procedures on the
aortic root. The need for additional cusp repair was determined
by intraoperative presence of perforation or prolapse. The need
for concomitant replacement of the right ventricular conduit was
dictated by moderate to severe dysfunction of the pulmonary
valve substitute (n = 4) (Table 3).

Root remodelling was the procedure of choice for valve-
sparing root replacement and was performed when sinus diame-
ters exceeded 43 mm (n = 18). Aortic valve reimplantation was
performed in one instance in a patient with an elongated outflow
tract. For correction of sinotubular dilatation (>35 mm)—in all
instances in conjunction with tubular aortic aneurysm—tubular
aortic replacement was performed as sinotubular remodelling. If
annular size exceeded 26 mm, a suture annuloplasty was added.

The chest was reopened by median sternotomy and the pa-
tient connected to cardiopulmonary bypass by aortic and right
atrial cannulation. The aorta was cross-clamped and transected
5–10 mm above the commissures; cardioplegia was given directly
into the coronary ostia. The root was dissected towards the an-
nular plane and all foreign material was removed. The valve was
systematically assessed for its geometry and additional cusp
lesions. Geometric cusp height [23] was measured, and valve
preservation was only pursued if geometric height was at least
19 mm in all cusps. If root dimensions were preserved, effective
height of each cusp was determined [23]. Cusp prolapse was

Table 1: Baseline characteristics

Patient characteristics N = 30

Male gender, n (%) 25 (83)
Age, median (IQR) 42 (33–48)
Initial Ross procedure, n (%)

Homburg 15 (50)
Other institutions 15 (50)

Technique, n (%)
Full root replacement 25 (83)
Modified cylinder inclusion 3 (10)
Subcoronary 2 (7)

Cardiovascular risk factors, n (%)
Arterial hypertension 19 (63)
Coronary artery disease 1 (3)
Smoker 3 (10)
Intravenous drug abuse 3 (10)

Initial valve morphology, n (%)
Unicuspid 8 (27)
Bicuspid 11 (37)
Tricuspid 6 (20)
Quadricuspid 1 (3)
Unclear 4 (13)

Aortic regurgitation grade, n (%)
I 4 (13)
II 7 (23)
III or IV 17 (57)

Autograft root diameter, median (IQR) mm
Annulus 28 (25–30)
Sinus 40 (34–49)
STJ 39 (29–43)

LVEF (%), mean ± SD 53 ± 13
LVEF <50%, n (%) 8 (29)
LVEDd (mm), mean ± SD 60 ± 11
EuroScore II, mean ± SD 6.2 ± 5.9

IQR: interquartile range; LVEDd: left ventricular end-diastolic diameter;
LVEF: left ventricular ejection fraction; SD: standard deviation; STJ: sinotub-
ular junction.

Table 2: Patterns of pulmonary autograft failure according to
implantation technique

N = 30 (%) Full root
n = 25

Others
n = 5

Aortic dilatation (>_40 mm) before Ross, n (%)
Aortic root 7 (28) 1 (20)
Ascending aorta 3 (12) 1 (20)

Isolated AR before Ross 9 (36) 2 (40)
Ascending aortic replacement at Ross, n (%) 4 (16) 1 (20)
Autograft regurgitation at discharge (>_2), n (%) 1 (4) 0 (0)
Time between Ross and redo (years), mean ± SD 10 ± 6 8 ± 5

Indication for reoperation, n (%)
Autograft dilatation (>_43 mm) ± AR 18 (76) 1 (20)
Isolated autograft regurgitation 6 (20) 1 (20)
Active endocarditis 1 (4) 1 (20)
Combined AR/AS 0 (0) 2 (40)

Pathology at reoperation, n (%)
Cusp prolapse 13 (52) 3 (60)
Cusp perforation 4 (16) 1 (20)
Perivalvular cavity (sterile) 3 (12) 2 (40)
Perivalvular abscess (endocarditis) 1 (4) 1 (20)
Degeneration due to SLE 0 (0) 2 (40)

AR: aortic regurgitation; AS: aortic stenosis; SD: standard deviation; SLE:
systemic lupus erythematosus.

Table 3: Perioperative data

N = 30

Surgical technique, n (%)
Root remodelling ± valve repair 18 (60)
Root reimplantation + valve repair 1 (3)
Isolated valve repair 7 (23)
Mechanical root replacement 3 (10)
Biological valve replacement 1 (3)

Annular support, n (%)
PTFE suture 18 (60)

Concomitant procedure, n (%)
RVPA conduit replacement 4 (13)
Hemi-arch using circulatory arrest 3 (10)
Mitral valve repair 3 (10)
Tricuspid valve repair 2 (7)
Coronary artery bypass 1 (3)

Perfusion time (min), median (IQR) 116 (99–137)
Myocardial ischaemia (min), median (IQR) 79 (56–89)
LOS, median (IQR) 7 (6–10)
Perioperative complications, n (%)

Bleeding 0 (0)
Permanent pacemaker implantation 1 (3)

IQR: interquartile range; LOS: length of stay; PTFE: polytetrafluoroethylene;
RV-PA: right ventricle to the pulmonary artery.
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defined as effective height <9 mm and corrected by central plica-
tion until the cusps measured 9–10 mm (n = 16). In cases where
aortic or root replacement was necessary, determination of ef-
fective height was done after completion of the aortic procedure.

For root replacement, the sinus wall was excised and the
coronary buttons were mobilized, [14, 24]. Graft size was
chosen according to the patient’s body surface area [14]. For
sinotubular junction remodelling, care was taken to anasto-
mose the vascular graft to the root at commissural level. An
external annuloplasty was added, if required, using an
expanded polytetrafluoroethylene suture (Gore-TexCV-0; W.L.
Gore & Assoc., Munich, Germany) (Table 3). The suture was
tied around a Hegar dilator (21–25 mm, depending on body
surface area).

Cusp perforations and cavities were closed with a pericardial
patch (n = 6; Autotissue, Berlin, Germany). Cusp prolapse was
corrected by central plication (n = 16). In one instance, a false
aneurysm at the proximal suture line of the autograft was
closed directly, in the other with a pericardial patch. If the pre-
operative echocardiography showed relevant degeneration of
the pulmonary conduit, it was replaced with a pulmonary
homograft (n = 4).

Follow-up

All patients were seen regularly by their referring cardiologists or
in our clinic. Echocardiograms from our institution and referring
cardiologists were reviewed. In addition, the patients were con-
tacted directly to determine their current functional status. The
cause of death was determined by review of the hospital chart or
information from the primary care physician.

Statistical analyses

This is a retrospective analysis of prospectively collected data.
Descriptive statistics are presented as mean (±standard devi-
ation) or median (interquartile range), and the Mann–Whitney
U-test or t-test were used for between-group comparisons.
The ‘Percentage Method’ was used for estimating the follow-
up rate.

The date of first occurrence of AR >_II was recorded for time-
to-event calculation. Categorical variables were expressed as
frequencies (%). Time-dependent data were analysed using the
Kaplan–Meier method. Differences were assessed using the
log-rank test. Survival and freedom from reintervention and
AR were calculated at 8, 10 and 15 years. All statistical tests
were 2-sided and P-values <0.05 were considered statistically
significant for all analyses. All statistical analyses were per-
formed using statistical package SPSS version 28.0 (IBM Corp.
Released 2021. IBM SPSS Statistics for Macintosh, Version 28.0.
Armonk, NY, USA: IBM Corp).

Sinus diameters were analysed as absolute diameters and a
root diameter >_40 mm was considered dilated. Pulmonary valve
stenosis was defined as mild (maximum gradient <30 mmHg),
moderate (maximum gradient 30–60 mmHg) and severe (max-
imum >60 mmHg).

‘Early’ events were defined as any event occurring within
30 days postoperatively.

Primary endpoints were survival and freedom from autograft
reintervention; secondary endpoints were freedom from AR, and
aortic root dilatation.

RESULTS

Early

The cohort was divided into 2 groups: valve replacement (n = 4)
(degenerated autograft n = 2, root abscess n = 2) and valve-
sparing procedure (n = 26). Patients with root replacement and
cusp repair (n = 19) were further compared to patients with iso-
lated cusp repair (n = 7). Survival, freedom from reoperation and
AR, and aortic root dimensions were compared between the
groups.

Eleven patients (37%) had a concomitant procedure, most
commonly right ventricular conduit replacement (n = 4) and
hemi-arch replacement (n = 3). Median myocardial ischaemia
and extracorporeal perfusion times were 79 (56–89) and 116
(99–137) min, respectively.

There were 4 deaths overall; 2 patients died early. One patient
underwent mechanical valve replacement for autograft failure
following previous biological valve replacement; she died from
uncontrollable coagulopathy due to heparin-induced thrombo-
cytopaenia. The second patient had reduced left ventricular func-
tion and developed atrial fibrillation refractory to treatment with
low output syndrome; he died from multiorgan failure.

There was no myocardial infarction or neurological complica-
tion. One patient who underwent valve replacement required a
permanent pacemaker implantation.

Myocardial ischaemia times were similar for valve-sparing
(73 ± 28 min) and valve replacement (61 ± 22 min; P = 0.92), valve-
sparing procedures had shorter perfusion times (valve-sparing:
110 ± 73 min, conventional valve replacement: 157 ± 116 min;
P = 0.02; Table 3).

Cusp pathology

Cusp prolapse was found in 16 instances. It was present in 13 of
19 cases with autograft dilatation (all after full-root replacement)
and in 3 of 11 with preserved root dimensions. Cusp perforation
without evidence of active infection was found in 5 cases. Cusp
retraction was present in 2 instances, in 1 case in the presence of
systemic lupus erythematosus.

Other root pathology

Perivalvular abscess formation with positive PCR (polymerase
chain reaction) studies for endocarditis was encountered in 2
cases. In 5 additional patients, a perivalvular cavity was found
and endocarditis suspected though cultures and PCR studies
remained negative and a presumptive diagnosis of local dehis-
cence following infundibular muscle necrosis was made.

Late

There were 4 deaths overall; 2 of them died during follow-up
(3 months to 1.5 years postoperatively) after a valve-sparing pro-
cedure, 1 from cardiac arrhythmia (n = 1) and 1 from sepsis due
to intravenous drug abuse (n = 1). Survival was 85% at 10 and
15 years, respectively; freedom from cardiac death was 89% at 10
and 15 years, respectively.

Two patients died after valve replacement (cardiac cause n = 2)
and 2 after valve-sparing procedure (cardiac cause n = 1). Survival
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was 90% at 10 and 15 years, respectively, after valve-sparing pro-
cedure and 50% at 10 and 15 years, respectively, after valve re-
placement. Freedom from cardiac death was 96% at 10 and
15 years, respectively, after valve-sparing procedure (Fig. 1) and
50% at 10 and 15 years, respectively, after valve replacement.

Reinterventions

Two patients (7%) underwent reinterventions on the autograft (at
2 and 16 years) after valve-sparing procedures. One patient
developed recurrent AR after root remodelling with repair; cusp
perforation was found at reoperation, most likely related to
healed endocarditis. The patient received a mechanical valve re-
placement and has had no complications since. The second pa-
tient underwent re-reoperation after isolated cusp repair for
autograft dilatation 16.4 years postoperatively. The patient under-
went a valve-sparing procedure as her fourth operation. The pa-
tient has had no complications since.

Overall freedom from autograft reoperation was 95% at 10
and 15 years. Freedom from reoperation was 100% at 10 and
15 years after valve replacement and 94% at 10 and 15 years after
valve-sparing procedure (Fig. 2).

Among the valve-sparing procedures, freedom from reopera-
tion at 8 years was 100% after isolated cusp repair and 88% after
root remodelling ± cusp repair (P = 0.18).

Autograft regurgitation

The valve remained competent in all patients who underwent
isolated valve repair. Patients who underwent root remodelling
and cusp repair developed AR >_II in 3 cases. Freedom from AR
>_II was 83% at 8 years and was similar with the different repair
procedures. It was 100% after isolated cusp repair (n = 7) and root
remodelling (n = 2) versus 75% after combined root remodelling
with cusp repair (n = 16; P = 0.61).

Three patients developed AR >_II after root remodelling (con-
comitant cusp repair n = 2, without cusp repair n = 1) between 4
and 6 years postoperatively. It has remained stable as AR II in 2
patients, who developed AR II after 4 and 5 years, currently 8 and
9 years postoperatively. In one instance, AR progressed to AR
grade III at 6 years after the reoperation. Clinical status,

ventricular size and function, and grade of AR have remained sta-
ble since, currently 9 years postoperatively.

COMMENT

While the Ross procedure has been associated with excellent sur-
vival and freedom from valve-related complications, reoperations
on the autograft will become necessary with a certain probability.
Principally, 2 different mechanisms of autograft failure have been
identified [8, 9, 12, 25, 26]. Autograft dilatation has been found
more frequently following the root replacement technique [8,
12], while cusp prolapse—possibly resulting from distortion of
commissural configuration—has been observed after subcoronary
implantation [20, 25]. Finally, lesser degrees of autograft dilata-
tion—i.e. involving the autograft sinotubular junction—may occur
in combination with cusp distortion. Thus, the mechanisms of
autograft dilatation appear similar to the different mechanisms of
native aortic valve regurgitation.

The concept of valve preserving procedures for autograft fail-
ure appears principally attractive since it may preserve the
advantages of the native valve. Pulmonary autograft valves rarely
calcify and therefore represent an optimal substrate for repair [3].
In our cohort, degenerative cusp changes only occurred in 2
patients with systemic inflammatory disease. Autograft repair,
however, has generally been chosen in a limited proportion of
cases [12, 16, 20].

The reasons for the limited durability of autograft preservation
in other series [12, 16] may be related to the different mecha-
nisms of failure and regurgitation. The most frequent mechanism
of failure after autograft root replacement is autograft dilatation
with or without regurgitation [9, 12, 26]. In our experience, auto-
graft root aneurysm, with variable degrees of regurgitation, was
the most frequent finding and indication for reoperation. The
mode of failure is also related to the technique of pulmonary
autograft replacement. While the cylinder technique may offer a
stabilizing effect, we have been concerned about possible nega-
tive effects of prosthetic material [7]. In our experience, a stabiliz-
ing technique using the remnants of the native aorta as part of
the full-root technique appears to be a more straightforward ap-
proach. It also provides physiological haemodynamics. In a com-
parative study by our group [7], we saw a significantly better
freedom from reoperation applying this technique as well as less

Figure 2: Freedom from autograft re-reoperation after valve-sparing
procedures.

Figure 1: Freedom from cardiac death of patients after valve-sparing proce-
dures as autograft reoperation.
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progression in root size per year. The vascular graft inclusion
technique seems to allow for less physiological pulsatility and
haemodynamics and long-term results are not yet available for
this technique. In addition, a suture annuloplasty was added to
the Ross procedure if the annulus was >26 mm. In our experi-
ence, the dilatation occurred at the sinus and sinotubular junc-
tion level rather than the annulus.

Autograft dilatation—if it occurs—can easily be diagnosed and
quantified by standard imaging; it may be treated by valve-
preserving root replacement, which is mostly done without cusp
repair. Such an approach is appropriate if root dilatation is the
only mechanism of failure. This is similar to native root aneurysm
in which, in the absence of cusp pathology, valve preserving root
replacement should normalize valve anatomy and function [24,
27]. In native aortic root aneurysm, however, we have found con-
comitant cusp prolapse in the vast majority of cases [14, 23, 27,
28]. It commonly becomes only evident after completion of root
repair [28]. Furthermore, it is more frequently detected through
intraoperative measurement of cusp configuration [23] rather
than visual assessment, which is still the routine in many centres
[13, 16, 17]. In our series, concomitant cusp prolapse was present
in 13 out of 19 instances of autograft dilatation and became evi-
dent after completion of root replacement.

The second, more important reason for autograft failure is
cusp-related [8, 28]. It becomes apparent earlier than autograft
dilatation [8, 29, 30] and can be masked by the dilating process
and cusp stretching [28–30]. It may be related to distortion of
commissural position at the time of the Ross procedure. In our
series, isolated cusp-related autograft failure with preserved root
dimensions was less frequent. Isolated repair has been performed
infrequently for valve repair [21]. In one series [16], 13 (out of 26)
procedures were done as cusp repair. Interestingly, the majority
of patients exhibited variable degrees of regurgitation at hospital
discharge [16], and freedom from recurrent regurgitation after
isolated repair was 50% at 3 years [16]. Two out of 4 patients
treated by isolated valve repair required reoperation for recur-
rent regurgitation. The 2 non-reoperated patients presented with
recurrent regurgitation grade >_II at the last follow-up. By com-
parison, in our cohort, 8-year freedom from relevant regurgita-
tion after isolated cusp repair was 100%. The precise reasons for
this unexpectedly positive result of valve repair are difficult to de-
termine. It may be related to our routine use of intraoperative
measurement of effective height, which has been associated with
better long-term results also in isolated tricuspid aortic valve re-
pair [31].

It remains open whether valve reimplantation or root remod-
elling—as in this series—is the more appropriate form of valve-
sparing procedure. In the hands of experienced surgeons, the
durability of root remodelling and reimplantation are apparently
similar in the native aorta [24, 27]. Most surgeons appear to pre-
fer reimplantation to remodelling, also for the failed autograft. In
the latter setting, this involves deep annular dissection, which
may be technically difficult if foreign material has been
implanted for annular stabilization during the Ross procedure.
We have encountered scenarios in which the foreign material
and scarring of the annular plane was so severe that the annulus
was fixed in a dilated position. Placing this amount of tissue into
a vascular graft may lead to functional stenosis. We thus prefer
remodelling with lesser need for basal dissection; if an annulo-
plasty is necessary, it can easily be added in the form of a suture
annuloplasty [22].

Valve-sparing procedures after pulmonary autograft replace-
ment can be performed with a low perioperative morbidity [12,
16, 17, 21, 22]. In our cohort, no patients required a permanent
pacemaker implantation or returned to the operating room for
bleeding. There were no early deaths; however, 2 early deaths
occurred after mechanical valve replacement. There were no
early reoperations and only 2 patients required late reinterven-
tion after valve-sparing procedures for endocarditis and root
dilatation. Patients who did not require a reintervention were in
excellent clinical condition with good autograft valve function at
last follow-up. Ultimately, our approach preserves the advantages
that were intended for at the time of the initial Ross procedure.

Limitations

The main limitation of this study is its observational design.
Although data of consecutive procedures were obtained pro-
spectively, the analysis was performed retrospectively, and treat-
ment allocation was not randomized. The reproducibility of our
findings may be limited due to a highly experienced surgeon in a
high-volume centre performing the procedures. Despite these
limitations, this study is one of few long-term studies of the
results of valve-sparing procedures after failure of pulmonary
autograft replacement.

CONCLUSION

In conclusion, valve-sparing procedures after pulmonary auto-
graft failure led to good long-term durability. This holds true for
both root remodelling and isolated cusp repair if cusps are ad-
equately assessed by measurement of effective and geometric
height. Using such an approach, the autograft can be preserved,
keeping alive the advantages initially intended for at the time of
the Ross procedure.
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