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Abstract

Aortic valve reimplantation has been shown to be a safe procedure. However, evidences of durability in bicuspid aortic valves (BAVs)
are limited in the literature. Between 2002 and 2011, 132 patients (mean age 61 ± 12 years) underwent aortic valve reimplantation. In
24 patients (18%), aortic valve was bicuspid. Mean follow-up was 50 ± 26 months (range 1–102 months) and was 99% complete. In-hos-
pital mortality was 0.8% (1 patient). Survival at 1 and 5 years was 99 and 94%, respectively. Overall freedom from aortic valve reopera-
tion at 1 and 5 years was 96 and 90%, respectively, without significant difference between patients with bicuspid and tricuspid aortic
valve. Freedom from aortic valve regurgitation >2+/4+, excluding patients reoperated, was at 1 and 5 years of 100 and 99%, respectively.
Patients with valve cusp repair showed a higher rate of aortic valve reoperation; however, only postoperative aortic regurgitation
>2+/4+ was significant risk factor for redo procedure at multivariate analysis. Aortic valve reimplantation in BAV without cusp repair
provides excellent mid-term results. Further observations and longer follow-up are necessary to determine if BAV sparing, even in the
presence of cusps alterations, could allow satisfying durability.
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INTRODUCTION

Aortic valve-sparing operation with valve reimplantation was
introduced to treat patients with aortic root aneurysm associated
with normal or minimally abnormal aortic cusps [1]. Nowadays,
this procedure is considered safe and has a proved durability at
long-term follow-up [2], so that indications were extended to
patients with severe aortic regurgitation, bicuspid aortic valve
(BAV) and aortic cusp prolapse or abnormalities. Cusp repair is
performed with great variability among published surgical
experiences in up to 55% of the cases [2–4], on the contrary evi-
dences of durability of BAV reimplantation are limited [2, 5, 6].

The aim of this study was to examine our experience with
reimplantation valve-sparing operation focusing on influence of
preoperative valve characteristics in determining need for
reoperation.

MATERIALS AND METHODS

Between 2002 and 2011, 132 consecutive patients underwent
aortic valve-sparing operation with valve reimplantation. The in-
dication for operation was the presence of aortic root aneurysm.
The Ethics Committee approved the study and waived the need
for patient consent. The patients’ characteristics are shown in
Table 1.

Our surgical technique has been previously described in detail
[7]. A Gelweave Valsalva™ graft was implanted in all the patients;
the graft sizes used were: 26 mm in 2 patients, 28 mm in 13, 30
mm in 42 and 32 mm in 75.
In 13 cases, anatomical or cusp motion abnormalities con-

curred in determining aortic regurgitation and needed an ad-
junctive cusp repair. This finding was more frequent in patients
with BAV (10/24 patients, 42%) than in tricuspid aortic valve
(TAV) (3/108 patients, 3%). Cusp prolapse was found in seven
patients with BAV and was corrected with free margin shortening
(four patients), central cusp plication along the nodule of
Arantius (one case) or cusp triangular resection (two patients). In
the remaining three cases, stress fenestration repair with pericar-
dial patch (one patient) and shaving of a calcified raphe (two
patients) were performed. Cusp prolapse correction (central pli-
cation of right coronary cusp in one case, free margin shortening
of right coronary and non-coronary cusps in one case) was ne-
cessary in two patients with TAV; in the remaining case, stress
fenestration repair with pericardial patch was performed.
Concomitant procedures were mitral valve repair (10 patients,

7.5%), scheduled coronary artery bypass (12 patients, 9%), atrial
septal defect repair (3 patients, 2%) and radio frequency ablation
for atrial fibrillation (2 patients, 1.5%).
Mean cardiopulmonary bypass time was 134 ± 30 min (range

90–279 min) and the mean duration of aortic cross-clamping
time was 114 ± 23 min (range 67–204 min).
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Aortic regurgitation was graded as none, trace (1+/4+), mild
(2+/4+), moderate (3+/4+) or severe (4+/4+). A transoesophageal
echocardiogram (TEE) was carried out intraoperatively in all the
patients after weaning from cardiopulmonary bypass in order to
evaluate residual aortic valve regurgitation and to characterize
cusps’ level of coaptation. Transthoracic echocardiography was
performed before discharge and at 6 and 12 months and every
year thereafter.

Follow-up ranged from 1 to 102 months (mean 50 ± 26
months) and was available in 130 of 131 patients (99%
complete).

Statistical analysis

Continuous variables were expressed as the mean ± SD.
Categorical variables were compared with the Chi-square or
Fisher exact test when appropriate. Six variables (Marfan syn-
drome, BAV, preoperative cusp prolapse, valve cusp repair, pre-
operative aortic regurgitation degree>2+/4+, postoperative
residual aortic regurgitation degree>2+/4+) were entered into a
univariate analysis to determine whether any single variable
influenced the risk for reoperation and into a model of Cox re-
gression analysis to study its independent predictability.

Survival rates and freedom from reoperation were calculated
using the Kaplan–Meyer method. Univariate comparisons for
failure time data were performed using the Wilcoxon test.
Statistical analyses were performed using the Stat-View Statistical
Software Package 5.0 (SAS Institute, Inc., Cary, NC, USA), NCSS
2001 (Number Chruncher Statistical System, Kaysville, UT, USA).

RESULTS

In-hospital outcome

There were no intra-operative deaths. The mortality pre-
discharge was 0.8% (one patient). Early reoperation for excessive
bleeding or tamponade was necessary in 15 patients (11%) and
in 3 cases (2.2%) for sternal dehiscence/mediastinitis.
Perioperative myocardial infarction occurred in two patients
(1.6%). Cerebrovascular accidents were registered in three
patients (2.2%); stroke in one and transient ischaemic attack in
two. A permanent pacemaker implantation was necessary in
three patients (2.2%) for complete AV block.
Seven patients were discharged with a residual aortic regurgita-

tion degree >2+/4+; nevertheless in last 4 years, all patients were
discharged with residual aortic regurgitation degree <2+/4+.

Survival

There were eight late deaths during follow-up; in three cases
because of cancer, one had acute bowel ischaemia after des-
cending thoracic aorta endovascular procedure, two patients
had worsening heart failure and in two cases sudden death oc-
curred. The cumulative 1-year and 5-year survival rates
(excluding hospital mortality) were 99 and 94%, respectively.
Freedom from aortic valve endocarditis was 100 and 99% at 1

and 5 years. Thromboembolic events occurred in two patients
during follow-up with a rate of freedom from cerebrovascular is-
chaemic events at 1 and 5 years of 99 and 97%, respectively.

Reoperation

Eleven patients underwent aortic valve reoperation during
follow-up for recurrent aortic insufficiency, in one case because
of aortic valve endocarditis. All the patients underwent successful
aortic valve replacement and the survival rate was 100% at 38 ±
27 months. Table 2 reports data about reoperation. At univariate
analysis, preoperative cusp prolapse (P = 0.013), valve cusp repair
(P = 0.023) and postoperative aortic regurgitation >2+/4+ (P <
0.001) were significant risk factors for aortic valve reoperation.
Preoperative aortic regurgitation degree >2+/4+ (P = 0.08),
Marfan syndrome (P = 0.06) and bicuspidy (P = 0.32) showed no
significance. At the multivariate analysis, postoperative aortic re-
gurgitation degree >2+/4+ (P = 0.032) was the only significant in-
dependent risk factor for aortic valve reoperation.
Overall freedom from reoperation for aortic valve regurgita-

tion was 96% at 1 year and 90% at 5 years.
Cumulative freedom from aortic valve reoperation and from

residual aortic regurgitation degree >2+/4+ was 96 and 89% at 1-
and 5-year follow-up, respectively.
Patients with preoperative none or trace aortic regurgitation

(AR) had a freedom from reoperation at 1 and 5 years of 98%; in
patients with AR degree >2+/4+, freedom from aortic valve redo
was at 1 and 5 years of 95 and 87%, respectively (AR ≤ 2+/4+ vs.
AR > 2: P = 0.11).
Patients with BAV showed freedom from aortic valve reopera-

tion of 86% after 1 year with stable results in the first 5 years.
There was no difference comparing the durability between TAV

Table 1: Patient characteristics

Variable No. of patients (%) or
mean ± SD

Gender
Male 96
Female 36

Age (years) 61 ± 12
LVEF > 45% 116 (88%)
Aortic regurgitation degree >2+/4+ 88 (67%)
BAV 9/24 (38%)
TAV 79/108 (73%)

NYHA class III–IV 25 (19%)
Emergent operation 2 (1.5%)
CAD 17 (13%)
COPD 24 (18%)
CRF (creatinine > 200 μmol/l) or
preoperative HD

6 (4.5%)

Marfan syndrome 5 (3.8%)
Bicuspid aortic valve 24 (18%)
AAD 1 (0.8%)
Chronic aortic dissection 5 (4%)
Diameter (mm)
Aortic root 48 ± 9
Ascending aorta 51 ± 9

AAD: acute aortic dissection; BAV: bicuspid aortic valve; CAD:
coronary artery disease; COPD: chronic obstructive pulmonary
disease; CRF: chronic renal failure; HD: haemodialysis; LVEF: left
ventricular ejection fraction; TAV: tricuspid aortic valve.
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(freedom from reoperation of 98 and 92% at 1 and 5 years, re-
spectively) and BAV (P = 0.26) (Fig. 1).

Overall freedom from reoperation in patients with preopera-
tive normal or minimally abnormal aortic valve cusps was 99
and 93% at 1 and 5 years, respectively (Fig. 2). Patients needing
cusp repair showed freedom from aortic valve redo of 69% at 5
years (P < 0.001). No difference between BAV and TAV was found
in durability after stratification for adjunctive cusp repair (Fig. 3).

BAV and TAV reimplantation without cusp repair provided a
freedom from aortic valve reoperation at 1 year of 100 and 99%,
respectively, at 5 years of 100 and 93%, respectively. Freedom
from reoperation at 5 years in patients who underwent asso-
ciated cusps repair was 72% in TAV and 67% in BAV.

DISCUSSION

The BAV annular asymmetry is considered to be better preserved
with root remodelling [6, 8]. Previous experiences [3, 8] showed
no differences in durability between preserved BAV and TAV.
These results were supported by a recent work by Schäfers et al.
[9] with excellent results and freedom from aortic valve reopera-
tion of 97% at 10 years.
Annular dilatation, together with cusp injuries or retraction,

stress tears and fenestration, developing fibrosis and, of course,
failure of suboptimal surgical correction [8, 10–12], are possible
mechanisms leading to aortic regurgitation recurrence [10, 13,
14]. Valve-sparing reimplantation is the only operative approach
able to stabilize the size of a dilated aortoventricular junction
thus preventing future dilatation [2, 14]. This characteristic could
be more effective in preventing recurrence of valve regurgitation
in BAV. However, despite the widespread of this technique, few
reports focused on BAV [5, 12]; even in experiences with large

Figure 1: Freedom from aortic valve reoperation in patients with tricuspid
and BAV (P = 0.26).

Figure 2: Freedom from aortic valve reoperation according to the adjunct of
cusp repair (P < 0.001).

Figure 3: Freedom from aortic valve reoperation in patients with tricuspid or
BAV associated or not with valve cusp repair.

Table 2: Aortic valve characteristics and mechanisms of recurrent aortic regurgitation in patients who underwent aortic valve
reoperation

Patient AV Preop AVR AV repair Reason for recurrent AVR Interval time (months)

1 TAV Trivial – Three cusps prolapse, technical problem 1
4 TAV Severe – RC and LC retraction, normal annulus 79
7 BAV Severe Free margin shortening NC-RC cusp NC-RC cusp retraction 7
23 TAV Severe – NC cusp prolapse, no cusps abnormalities 34
30 TAV Severe – NC cusp prolapse, no cusps abnormalities 15
45 TAV Moderate – Not well defined 34
54 TAV Severe – LC cusp prolapse, no cusps abnormalities 31
67 TAV Moderate – Endocarditis 48
72 BAV Severe NC cusp triangular resection and central plication NC cusp prolapse 9
91 TAV Moderate Fenestration repair Not well defined 4
105 BAV Moderate NC cusp triangular resection and central plication NC cusp tear (suture dehiscence?) 6

BAV: bicuspid aortic valve; LC: left coronary; NC: non-coronary; RC: right coronary; TAV: tricuspid aortic valve.
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population, the number of BAV patients is limited [2, 4, 15] or the
results not discussed [13].

In our experience, a favourable anatomical and functional cusp
condition allowed satisfying mid-term durability with a global
freedom from reoperation of 94% at 5 years; in particular, excel-
lent results were registered in the BAV subgroup. However, espe-
cially in BAV, cusp abnormalities are not uncommonly associated
[12]. We were led to add valve cusp repair in only 10% of the
cases, but this rate is lower than in several other experiences
reporting cusp repair incidences ranging from 20 to 60% [2, 3, 10,
12, 15]. Even if bicuspidy did not emerge as a risk factor for aortic
valve reoperation [2–6, 12, 15], there is no general agreement
about the durability of BAV sparing with adjunctive cusp repair [2,
3, 10, 12] and our data are supportive for a less satisfying durability
in this subgroup of patients. However, a very recent paper from
de Kerchove et al. [14], focusing on patients with BAV reimplanta-
tion with adjunctive cusp repair in 93% of the cases, has reported
a superb freedom from reoperation: 100% at 6 years.

We found a tendency in early failure (less than 1 year from
valve-sparing procedure) in patients with BAV who needed valve
cusp repair (Figs 2 and 3). Interestingly, similar results were
reported in literatures with most of the reoperations (up to 80%)
performed during the first year of the follow-up [3, 8, 11, 12, 15].
Cusp lesions and technical failure were reported as the main
cause for reoperation in these cases. Furthermore, many of these
patients were discharged with a residual mild insufficiency degree
that abruptly hesitated in moderate or severe regurgitation.
Postoperative degree of aortic regurgitation is recognized to be an
independent risk factor for recurrent aortic regurgitation [3] and
our data confirm this finding. In the early phase of our experi-
ence, seven patients were discharged with a suboptimal result
and four of these underwent aortic valve reoperation during the
first year after the valve-sparing repair. Concerning intraoperative
TEE, a residual aortic regurgitation ≥2+/4+ and a level of coapta-
tion>2 mm below the lower border of the Dacron graft is consid-
ered inacceptable nowadays. Our policy allowed us to register no
early failure in last 3 years and will probably provide an even
better mid- and long-term outcome in the future.

Limitations

The main limitation of the study was the small number of
patients with BAV; however, the presented subgroup is one of
the most representative single-centre series in the literature. This
is a retrospective analysis even if performed on a prospectively
collected database. Data about residual aortic regurgitation or
development of significant aortic insufficiency were extrapolated
in up to 20% of the cases from echocardiography evaluation
performed in peripheral centres.

CONCLUSION

If a BAV does not present cusp calcification or some stenosis
degree, for which the indication for valve replacement is clear, a
valve-sparing procedure should be considered as a primary ap-
proach. We are familiar with the reimplantation technique since
2002 and we agree with the potential role in annular stabiliza-
tion provided by valve reimplantation.

Preoperative aortic regurgitation degree is not an independent
risk factor for recurrent aortic insufficiency in BAV sparing.

Although bicuspidy could present as a complex disease-causing
aortic regurgitation, it did not emerge as a risk factor for reo-
peration after valve-sparing procedures. Several pathogenetic
mechanisms could lead to recurrent aortic regurgitation along
annular or root dilatation and therefore to the need for further
procedures. BAV preservation is particularly interesting in
patients developing aortic regurgitation or undergoing aortic
root surgery who deny mechanical prostheses and could suffer
from suboptimal durability of biologic prostheses.
Sparing BAVs with minimal cusp alterations provide excellent

mid-term results. A proper intraoperative assessment, a close
postoperative follow-up and the limited risk during redo proced-
ure in these young patients could allow experienced surgeons to
make efforts in sparing BAV even in the presence of cusp abnor-
malities. However, further evidences and longer follow-up are
required to state if this particular subgroup of patients could
benefit from a satisfying durability.
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