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Abstract

OBJECTIVES: To compare long-term outcomes after bicuspid aortic valve (BAV) repair utilizing the Cabrol annuloplasty versus valve spar-
ing Reimplantation technique.

METHODS: From 1996 to 2018, 340 consecutive patients underwent BAV repair. Eighty underwent Cabrol annuloplasty and 189 under-
went Reimplantation. Exclusion criteria were re-repairs (n = 6), active endocarditis (n = 4), no annuloplasty (n = 41) and ring or suture annu-
loplasty (n = 20). We compared both groups for survival, reoperations, valve related events and recurrent severe aortic regurgitation
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(AR > 2+). Inverse probability weighting (IPW) was used to balance the 2 groups. Cox regression analysis was used to identify outcome
predictors.

RESULTS: After weighting, pre- and intraoperative characteristics were similar between groups, except for aorta replacement
techniques and operative time, which was longer in the Reimplantation group (P < 0.001). At 12 years, overall survival was similar
between groups (IPW: Cabrol 97 ± 2% vs Reimplantation 94 ± 3%, P = 0.52). Freedom from reoperation and freedom from AR > 2+ were
significantly lower in the Cabrol group (reoperation IPW: 69 ± 9% vs 91 ± 4%, P = 0.004 and AR > 2+ IPW: 71 ± 8% vs 97 ± 2%, P < 0.001).
The Reimplantation technique was the only independent predictor of reoperation (hazard ratio 0.31; confidence interval 0.19–0.7;
P = 0.005).

CONCLUSIONS: In this study, comparing 2 annuloplasty strategies for BAV repair, we found statistically significant differences in long-
term durability favouring the Reimplantation technique, and no differences in overall survival. The results support our current strategy of
Reimplantation technique and repair of AR in patients with BAV. Cabrol annuloplasty is obsolete and should be generally abandoned in
patients undergoing BAV repair for AR.

Keywords: Valve repair • Bicuspid • Valve sparing • Annuloplasty

ABBREVIATIONS

AV Aortic valve
AR Aortic regurgitation
BAV Bicuspid aortic valve
IPW Inverse probability weighting
IQR Interquartile range

INTRODUCTION

Sixty years ago, Cabrol described the plication of the aortic valve
(AV) interleaflet triangles to achieve a reduction of root base cir-
cumference [1]. This original technique was later referred to as
commissural or sub-commissural annuloplasty, and gained wide-
spread popularity during the late 80s and 90s, due to the works
of Duran and Cosgrove [2, 3], who published the first large series
of patients undergoing AV repair. Many surgeons, including our
group, have then adopted this simple means as the main annulo-
plasty technique for patients with aortic regurgitation (AR) in the
setting of a non-dilated aortic root. In the interim, the develop-
ment of valve sparing root replacement procedures (David and
Yacoub techniques) have extended the indications for AV repair
and stimulated the emergence of new concept for AV annulo-
plasty [4–7]. Effectively, the circumferential annuloplasty carried
out in the David—Reimplantation technique, rather than in the
Yacoub—Remodelling, seemed to be an advantage for long-term
valve function in patients with a large aortic annulus [8, 9].

While several studies have shown encouraging initial and
mid-term results with Cabrol annuloplasty, studies on long-term
outcomes are scarce [2, 10–12]. Ten years ago, we showed that
recurrent AR and reoperations were more frequent after Cabrol
annuloplasty compared to the Reimplantation technique in
patients undergoing bicuspid aortic valve (BAV) repair [13].
Currently, we have gained additional experience, and thus almost
doubled our patient numbers and respective follow-up period.
Particularly at our institution, the modified Reimplantation tech-
nique for BAV (El Khoury technique) has clearly evolved to the
new standard of care for the repair of BAV with AR. In this study,
we report the very long-term outcomes of our initial BAV repair
approach using Cabrol annuloplasty; and utilizing an advanced
matching technique for analysis, these results were compared to
the more recent Reimplantation technique.

METHODS

Ethical statement

This study was approved by the ethics review board at our insti-
tution (ID Brussels: 2013/03JUI/356).

Study population

Between 1996 and 2018, 340 consecutive patients underwent
surgery for BAV repair at our institution. Inclusion criteria were
BAV repair with Cabrol annuloplasty or Reimplantation tech-
nique. Exclusion criteria were BAV repair without annuloplasty,
repair with ring or suture annuloplasty, BAV re-repair and active
endocarditis (Supplementary Material, Fig. S1: Study flow chart ).
Patients without annuloplasty were excluded because ‘no annulo-
plasty’ has never been our standard approach to repair BAV with
AR. Ring and suture annuloplasty were excluded because these
techniques were performed more recently in a relatively small
group of patients. Patients’ data were extracted from the institu-
tional prospective database on AV repair.

Surgical techniques

Since the beginning of our AV repair programme in 1995, Cabrol
annuloplasty was mainly used in patients without root dilatation
(<45 mm) and occasionally in patients with root dilatation as an
adjunct to partial or complete root Remodelling techniques. As
of 1999, we progressively switched from Remodelling to
Reimplantation technique, because of the intrinsic annuloplasty
with Reimplantation. During the first decade of our practice, we
observed several patients returning with recurrent AR following
an initially successful Cabrol repair. For this reason, and due to
our increased confidence in the long-term stability of the
Reimplantation technique, we decided since 2009 to favour this
technique to repair BAV with AR, even in patients with no or
only moderate root dilatation (<45 mm). The proportion of
Cabrol annuloplasty and Reimplantation over the study period is
illustrated in Supplementary Material, Fig. S2.

The technical details of Cabrol annuloplasty, Reimplantation
technique and cusp repair have been reported previously [13].
Briefly, Cabrol annuloplasty sutures (2–0 Ticron with pledgets)
were placed in the middle one-third of the interleaflet triangle
on both commissures. The Reimplantation technique was initially

C
O

N
G

EN
IT

A
L

V
A

LV
E

O
P

ER
A

TI
O

N
S

287C. de Meester et al. / European Journal of Cardio-Thoracic Surgery

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/article/60/2/286/6120056 by universite catholique de louvain user on 30 Septem

ber 2021

https://academic.oup.com/ejcts/article-lookup/doi/10.1093/ejcts/ezaa471#supplementary-data
https://academic.oup.com/ejcts/article-lookup/doi/10.1093/ejcts/ezaa471#supplementary-data


performed with a straight tube, which was progressively replaced
with the GelweaveTM Valsalva graft (Vascutek Ltd., Terumo
Group, Renfrewshire, Scotland, UK) as of 2002. During the study
period, along with the change of graft type, our Reimplantation
technique evolved with deeper external root dissection and with
a systematic reimplantation of the commissure at 180� [14].
Regarding cusp repair techniques, we progressively abandoned
the technique of free margin resuspension with Gore-Tex in fa-
vour of the central plication technique to repair cusp prolapse.

Echocardiography

All patients underwent a comprehensive preoperative transthora-
cic and transoesophageal examination. The degree of AR, left
ventricular dimension and ejection fraction and aortic root
dimensions were measured as per active guidelines [15]. After re-
pair, intraoperative transoesophageal echocardiography was per-
formed in all patients to assess the degree of residual AR,
orientation of the regurgitant jet (if present), and the coaptation
length and height [16]. Coaptation length of at least 5 mm at the
midportion of the free margin or a coaptation height above the
AV annulus were prerequisites for a successful repair. The pres-
ence of residual AR more than mild was an indication for re-
exploration of the AV, especially if the AR jet was eccentric.
Transthoracic echocardiography was performed in all patients
before discharge and at regular intervals during follow-up.

Follow-up and outcome

Patients in our AV repair database have systematic follow-up
every 2–3 years by a dedicated research nurse. For the present
study, follow-up events were updated between January and April
2019, via phone contact with physicians, cardiologists or patients
themselves. Morbidity and mortality were reported according to
the 2008 Society of Thoracic Surgeons (STS)/American
Association for Thoracic Surgery (AATS)/European Association for
Cardio-Thoracic Surgery (EACTS) guidelines [17]. Clinical events
of interest included the incidence of reoperation on the AV,
endocarditis, systemic embolism and major bleeding events.

The overall median follow-up time was 7.0 years [interquartile
range (IQR) 3.6–12.1]. In the Cabrol group, the median follow-up
was 12.4 years (IQR 9.5–15.8) and in the Reimplantation group, it
was 5.7 years (IQR 2.7–8.7). Fourteen (5%) patients were lost to
follow-up, 1 (1.2%) in the Cabrol group and 13 (6.9%) in the
Reimplantation group.

Statistical analysis

All statistical analyses were performed using R software (version
3.4.0). Continuous variables were expressed as means ± 1 SD, cat-
egorical variables as counts and percentages. To compare groups,
independent sample t-tests were used for continuous variables
and or v2 tests were used for categorical variables. A P-value of
<0.05 was considered indicative of a statistically significant differ-
ence. Follow-up times were calculated using the inverse Kaplan–
Meier method and were expressed as median and IQR. Cox’s
proportional-hazards survival analysis was used to determine fac-
tors independently associated with outcome and reoperation.
For this, the univariable analysis was performed with all the

clinical and surgical variables. After that, the variables with a P-
value <0.10 were proposed for inclusion in the multivariable
model. Variable selection was performed using a backward step-
wise selection procedure using the maximum partial likelihood
ratio chi-square statistic. Overall survival was computed using the
Kaplan–Meier method, and 2 groups were compared using the
log-rank test. For each patient enrolled in the study, the corre-
sponding average age- and gender-specific annual mortality rates
of the Belgian general population were obtained. Based on these
mortality data, the probability of cumulative expected survival
was determined, and an expected survival curve was constructed.

Inverse probability weighting. To predict the inverse prob-
ability of undergoing reimplantation, 10 covariables were used to
estimate the patient’s case-weight. These covariables were age,
smoking, hypertension, degree of AR (none or mild, moderate
and severe), presence of aortic root or tubular aorta dilatation
(>_45 mm), cusp repair with a patch, cusp resection/shaving, cusp
resuspension with Gore-Tex, concomitant mitral valve repair and
presence of cusp calcifications. A single propensity score was
generated for each patient.

Weighted t-tests and weighted v2 tests were used in the in-
verse probability weighting (IPW)-adjusted cohort to compare
continuous or categorical variables in the 2 groups. Standardized
differences were calculated to compare baseline characteristics in
the 2 groups for the original and the IPW-adjusted cohort [18]. A
Cox proportional hazard regression model was adjusted for in-
verse probability weights [19], assessed with Schoenfeld residuals.

RESULTS

Baseline characteristics

The study cohort consisted of 269 patients who met the inclusion
criteria; of these, 80 patients underwent Cabrol annuloplasty
(Cabrol group) and 189 underwent Reimplantation procedure
(Reimplantation group).

Before matching, the 2 groups were similar for most baseline
clinical parameters except for creatinine level (P = 0.039), left ven-
tricular diameters (P = 0.007), left ventricular dysfunction
(P = 0.03) and aortic dilatation >_45 mm (P < 0.001) (Table 1).

Cusp resuspension with Gore-Tex 7–0, cusp resection or shav-
ing and cusp repair with the pericardial patch was more frequent
in the Cabrol group (P < 0.001) (Table 2). As expected, root and
ascending aorta replacement was more frequent in
Reimplantation group (P < 0.001). Clamp time and cardiopul-
monary bypass time was shorter in the Cabrol group (P < 0.001)
despite the more frequent second run in this group (P = 0.02).

After IPW adjustment, no significant differences were observed
anymore between the groups regarding all baseline and intrao-
perative parameters.

Survival

There were no hospital mortalities. After follow-up, 12 patients
had died; 6 in each group. The causes of death are non-
cardiovascular in 6 and cardiovascular in 6 (3 cardiovascular
deaths in each group). Overall survival of the entire study cohort
was 96 ± 2% at 12 years, respectively. Long-term survival was
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Table 1: Baseline patients’ characteristics

Total (n = 269) Initial population IPW population

Reimplantation
(n = 189)

Cabrol (n = 80) P-value Reimplantation
(n = 189)

Cabrol (n = 80) P-value

Age (years), mean ± SD 43 ± 12 43 ± 12 45 ± 12 0.19 44 ± 12 46 ± 12 0.35
Male, n (%) 249 (93) 176 (93) 73 (91) 0.59 94 88 0.15
Weight (kg), mean ± SD 84 ± 16 85 ± 16 82 ± 16 0.21 86 ± 16 82 ± 15 0.056
Height (m), mean ± SD 1.78 ± 0.09 1.78 ± 0.08 1.77 ± 0.09 0.12 1.79 ± 0.08 1.77 ± 0.10 0.14
NYHA class >II, n (%) 17 (6) 9 (5) 8 (10) 0.11 6 6 0.92
Atrial fibrillation, n (%) 4 (1) 2 (1) 2 (3) 0.37 1 2 0.66
Smoking, n (%) 84 (31) 54 (29) 30 (38) 0.15 30 31 0.88
Hypertension, n (%) 93 (35) 61 (32) 32 (40) 0.22 36 49 0.057
Diabetes mellitus, n (%) 6 (2) 3 (2) 3 (4) 0.27 1 2 0.61
Dyslipidaemia, n (%) 47 (17) 30 (16) 17 (21) 0.29 19 27 0.14
Family history, n (%) 41 (15) 26 (14) 15 (19) 0.3 16 17 0.77
Creatinine (mg/dl), mean ± SD 0.98 ± 0.37 0.95 ± 0.20 1.05 ± 0.60 0.039 0.96 ± 0.20 1.05 ± 0.50 0.13
COPD, n (%) 5 (2) 3 (2) 2 (3) 0.61 2 1 0.47
History of cardiac surgery, n (%) 3 (1) 2 (1) 1 (1) 0.892 1 4 0.21
EF >_50%, n (%) 248 (92) 178 (94) 70 (88) 0.06 94 93 0.72
EF <50% to >_30%, n (%) 19 (7) 11 (6) 8 (10) 0.22 6 5 0.64
EF <30%, n (%) 2 (1) 0 (0) 2 (3) 0.03 0 3 0.15
No or mild AR, n (%) 69 (26) 54 (29) 15 (19) 0.09 29 37 0.26
Moderate AR, n (%) 28 (10) 18 (10) 10 (13) 0.47 10 14 0.40
Severe AR, n (%) 172 (64) 117 (62) 55 (69) 0.29 60 49 0.10
LVEDD (mm), mean ± SD 60 ± 8 59 ± 8 62 ± 9 0.006 59 ± 8 59 ± 9 0.92
LVEDS (mm), mean ± SD 40 ± 8 39 ± 7 42 ± 9 0.007 39 ± 7 38 ± 9 0.78
Aortic root or tubular aorta dilata-

tion >_45 mm, n (%)
142 (53) 113 (60) 29 (36) <0.001 56 61 0.45

AR: aortic regurgitation; COPD: chronic obstructive pulmonary disease; EF: ejection fraction; IPW: inverse probability weighting; LVEDD: left ventricular end-dia-
stolic diameter; LVEDS, left ventricular end-systolic diameter; NYHA, New York Heart Association; SD: standard deviation.

Table 2: Intraoperative techniques

Total (n = 269) Initial population IPW population

Reimplantation
(n = 189)

Cabrol (n = 80) P-value Reimplantation
(n = 189)

Cabrol (n = 80) P-value

Cusp lesion, n (%)
Prolapse 217 (81) 153 (81) 64 (80) 0.86 83 74 0.11
Calcification 68 (25) 42 (22) 26 (33) 0.077 27 30 0.59

Cusp repair, n (%)
Central plication 236 (88) 170 (90) 66 (83) 0.09 88 80 0.11
Resuspension with
Goretex

80 (30) 35 (19) 45 (56) <0.001 30 31 0.90

Resection/shaving 171 (64) 105 (56) 66 (83) <0.001 64 66 0.77
Patch 31 (12) 15 (8) 16 (20) <0.001 10 11 0.74

Aorta repair, n (%)
Reimplantation 189 (70) 189 (100) 0 (0) 100 0
Remodelling 2 (1) 0 (0) 2 (3) 0.03 0 5 0.058
Tubular aorta
replacement

21 (8) 0 (0) 21 (26) <0.001 0 33 <0.001

Tubular aorta replace-
ment +one sinus

8 (3) 0 (0) 8 (10) <0.001 0 25 <0.001

None 49 (18) 0 (0) 49 (61) <0.001 0 38 <0.001
Associated procedures, n (%)

(Hemi-)arch replacement 8 (3) 5 (3) 3 (4) 0.63 2 10 0.036
CABG 11 (4) 6 (3) 5 (6) 0.25 5 6 0.69
Mitral repair 10 (4) 5 (3) 5 (6) 0.15 4 3 0.90
Tricuspid repair 3 (1) 1 (1) 2 (3) 0.16 1 2 0.72

Second run 16 (6) 7 (4) 9 (11) 0.02 4 11 0.074
Cardiopulmonary bypass

time (min), mean ± SD
129 ± 37 144 ± 25 94 ± 38 <0.001 146 ± 27 94 ± 38 <0.001

Clamp time (min), mean ±
SD

108 ± 33 123 ± 22 72 ± 26 <0.001 125 ± 24 70 ± 22 <0.001

CABG: coronary artery bypass grafting; IPW: inverse probability weighting; SD: standard deviation.
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similar to the survival of the Belgian population matched for age
and sex (Fig. 1A). Overall survival was similar between Cabrol and
Reimplantation group in unmatched and IPW-adjusted cohort
(Fig. 1B and C).

In univariable analysis, age, smoking history, presence of mod-
erate AR, diabetes mellitus and chronic obstructive pulmonary
disease were found as predictors of death (Supplementary
Material, Table S1). No independent predictors were found in
multivariable Cox analysis, due to the small number of deaths
(Table 3).

Aortic valve reoperation

AV reoperation was necessary for 33 (12.3%) patients during the
follow-up; 25 (31%) in the Cabrol group and 8 (4%) in the
Reimplantation group. In the Cabrol group, the reason for reop-
eration was pure AR in 11, stenosis or mixed AV disease in 12
and endocarditis in 2. In patients with pure AR, the mechanisms
of failure were annulus dilatation and prolapse of the fused cusp.
In the Reimplantation group, the reason for reoperation was

Figure 1: Kaplan–Meier estimates of overall survival. (A) Overall survival of entire cohort and survival of Belgian population matched for age and gender, (B) un-
matched comparison between Cabrol and Reimplantation group (P = 0.8) and (C) inverse probability weighting-adjusted comparison (P = 0.52).

Table 3: Multivariable cox analysis

Reoperation-free survival Unmatched IPW adjusted

HR (95% CI) P-value HR (95% CI) P-value

Smoking, n (%) 1.91 (1.24–3.9) 0.075 1.94 (1.25–3.96) 0.069
Central plication, n (%) 0.53 (0.33–1.15) 0.11 0.56 (0.35–1.22) 0.14
Reimplantation technique,

n (%)
0.33 (0.2–0.74) 0.007 0.31 (0.19–0.7) 0.005

CI: confidence interval; HR: hazard ratio; IPW: inverse probability weighting.
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pure AR in 2 (1.1%), stenosis or mixed AV disease in 5 (2.6%)
and endocarditis in 1 (0.5%). Mechanisms of pure AR after
reimplantation were suture dehiscence and commissure
disruption.

Twelve-year freedom from AV reoperation was 69 ± 8% in
Cabrol and 91 ± 5% in the Reimplantation group (P = 0.004)
(Fig. 2A). The difference between groups was significant in the
IPW-adjusted cohort (P = 0.004) (Fig. 2B). In multivariable Cox
analysis, the Reimplantation technique was the only independent
protector from reoperation (Table 3).

Freedom from reoperation for pure AR at 12 years was 82 ± 6%
in Cabrol and 99 ± 1% in the Reimplantation group (P = 0.004)
(Fig. 3A). The difference between groups was significant in the
IPW-adjusted cohort (P = 0.004) (Fig. 3B).

Freedom from reoperation for AV stenosis or disease at
12 years was 85 ± 6% in Cabrol and 93 ± 4% in the Reimplantation
group (P = 0.23) (Fig. 4A). The difference between groups was not
significant in the IPW-adjusted cohort (P = 0.058) (Fig. 4B).

Recurrence of severe aortic regurgitation

Freedom from recurrent AR greater than 2+ at 12 years was
71 ± 8% in Cabrol and 97 ± 2% in the Reimplantation group
(P < 0.001) (Fig. 5A). The difference between groups was signifi-
cant in the IPW-adjusted cohort (P < 0.001) (Fig. 5B).

Other valve related events

During the follow-up, 10 thromboembolic events occurred, 5 in
the Reimplantation group (4 strokes, 1 transient ischaemic attack)
and 5 in the Cabrol group (4 strokes, 1 transient ischaemic at-
tack). Five major bleeding events occurred, 3 in the
Reimplantation group and 2 in the Cabrol group. Freedom from
thromboembolic and bleeding events were similar between
Cabrol and Reimplantation group in unmatched and IPW-
adjusted cohorts (IPW-adjusted comparison, at 12 years: 93 ± 3%
vs 90 ± 5% P = 0.36, Supplementary Material, Fig. S3).

Figure 2: Kaplan–Meier estimates of aortic valve reoperation free survival. (A) Unmatched comparison between the Cabrol and Reimplantation group (P = 0.004) and
(B) IPW-adjusted comparison (P = 0.004). IPW: inverse probability weighting.

Figure 3: Kaplan–Meier estimates of reoperation for aortic regurgitation free survival. (A) Unmatched comparison between the Cabrol and Reimplantation group
(P = 0.004) and (B) IPW-adjusted comparison (P = 0.004). AR: aortic regurgitation; IPW: inverse probability weighting.

C
O

N
G

EN
IT

A
L

V
A

LV
E

O
P

ER
A

TI
O

N
S

291C. de Meester et al. / European Journal of Cardio-Thoracic Surgery

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/article/60/2/286/6120056 by universite catholique de louvain user on 30 Septem

ber 2021

https://academic.oup.com/ejcts/article-lookup/doi/10.1093/ejcts/ezaa471#supplementary-data


DISCUSSION

This study gathers our experience with BAV repair over 3 decades
and represents the largest experience with the Reimplantation
technique in BAVs in the world to date. We demonstrated that
BAV repair overall offers survival, which equals the survival of a
sex/age-matched cohort of the general Belgian population. We
found also improved long-term durability of BAV repair with our
new approach using the Reimplantation technique compared to
the previous Cabrol annuloplasty. In more detail, the main bene-
fit is highlighted by the gain in freedom from reoperation of 20%
at 12 years with the Reimplantation technique, which is in gen-
eral due to a lower recurrence rate for AR. In addition, we
showed that the Reimplantation technique, certainly a more in-
vasive technique compared to Cabrol annuloplasty, is safe and
does not increase hospital or late mortality.

Several studies have shown that an untreated large annulus is
an independent risk factor for AV repair failure [9, 20]. In this
study, we showed that all annuloplasties are not equivalent in

their ability to prevent repair failure. The better results obtained
with the Reimplantation technique are likely secondary to several
factors, including a more reliable and extensive stabilization of
the aortic annulus afforded by the Dacron graft. The annuloplasty
gained through the Cabrol sutures is limited to the commissural
areas and therefore incomplete, and thus appears to become in-
effective over time, especially in a patient with larger aortic annu-
lus as in BAV with AR [21, 22]. In this study, long-term results
with the Cabrol technique were overall unsatisfactory with half of
the failures due to recurrent AR and freedom from reoperation
of 74% and 66% at 10 and 15 years, respectively. Only 2 other
studies report similar long-term follow-up after Cabrol annulo-
plasty. Svensson et al. [11] reported the cohort of BAV repairs
from the Cleveland Clinic with 728 patients, where Cabrol annu-
loplasty was used as the principal annuloplasty technique. In this
study, freedom from reoperation was 78% and 64% at 10 and
15 years, respectively and recurrent AR was the cause of failure in
40% of the reoperations, followed by stenosis in 27%, mixed AV
disease in 17% and root aneurysm in 15% [11, 12]. In the second

Figure 5: Kaplan–Meier estimates of severe aortic regurgitation free survival. (A) Unmatched comparison between the Cabrol and Reimplantation group (P < 0.001)
and (B) IPW-adjusted comparison (P < 0.001). AR: aortic regurgitation; IPW: inverse probability weighting.

Figure 4: Kaplan–Meier estimates of reoperation for aortic stenosis free survival. (A) Unmatched comparison between the Cabrol and Reimplantation group (P = 0.23)
and (B) IPW-adjusted comparison (P = 0.058). AS: aortic stenosis; IPW: inverse probability weighting.
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study, Sharma et al. [12] report the results of 331 patients who
underwent AV repair for isolated AR at the Mayo Clinic. In this
study, which enrolled 40% of BAV and 60% of tricuspid aortic
valve patients, Cabrol annuloplasty was utilized in 81% of patients
as the only annuloplasty technique. At 10 and 15 years, the
authors reported freedom from AV reoperation of 79% and 72%
and freedom from severe AR of 75% and 58%, respectively. They
identified recurrent aortic dilatation and recurrent prolapse as a
mechanism of failure in almost half of the reoperations. In a pre-
vious study, we described that recurrent AR in the Cabrol group
was mainly caused by annulus dilatation and cusp prolapse [13].
In that study and another on tricuspid aortic valve repair, we
found that in the majority of patients receiving Cabrol annulo-
plasty, the annulus returns almost to its native size within a few
years after surgery [13, 22].

A decrease of recurrent AR observed with the Reimplantation
technique compared to the Cabrol technique can certainly be
related to the better stabilization of the aortic annulus provided
by the circumferential annuloplasty, but other technical aspects
of the Reimplantation technique can also have played a signifi-
cant role. First, the Reimplantation technique grants not only sta-
bilization to the aortic annulus but also to the entire aortic root,
from the basal ring to the sino-tubular junction. One study sup-
porting that theory shows that in addition to ventriculo-aortic
junction annuloplasty, the additional stabilization of sino-tubular
junction with a ring can further improve repair durability [23].
Another advantage of the Reimplantation technique is the ability
to modify the valve geometry by placing the commissure at
180�, to achieve a symmetric BAV. It has been suggested that
naturally symmetric valves or the ones that were made more
symmetric (>160�) during valve repair would achieve a better
function and durability [24]. Across the spectrum of BAV pheno-
types, commissure orientation varies from 180� to 120�, and the
valve morphology varies in parallel and in accordance with that
geometrical configuration [25]. Valve symmetrization is thus par-
ticularly interesting in asymmetric phenotypes (with commissure
orientation <160�) to improve haemodynamics across the valve
and reduce postoperative gradients in comparison to repairs
where valve geometry was not modified [13, 26]. The combin-
ation of annuloplasty, root replacement and commissural posi-
tioning at 180�, allows to treat fused cusp prolapse by plication–
direct closure, avoiding the need for patch extension and the risk
of repair failure due to patch degeneration [27].

Next to the Reimplantation technique, other techniques exist
to repair BAV with an approach that is similar to ours regarding
stabilization and symmetrization. The external aortic ring and the
suture annuloplasty are 2 techniques that provide circumferential
annuloplasty [28, 29]. The root Remodelling and sinus plication
are 2 techniques that can make BAV more symmetric [26, 27].
These techniques have shown encouraging results in BAV repair
for isolated AR, especially with the adjunct of sinus plication in
asymmetric BAV and sino-tubular junction stabilization with a se-
cond ring [23, 26].

Finally, while we demonstrated that the Reimplantation tech-
nique can reduce overall reoperation rates, thanks to less recurrent
AR compared to Cabrol annuloplasty, it seems that the develop-
ment of late stenosis is independent of the annuloplasty technique.
Reasons for late stenosis are likely multifactorial and approximate
10% at 12–15 years. In a large series of BAV repair with the
Remodelling technique, factors inducing late stenosis were pre-
existing valve calcifications and the used patch as cusp

augmentation [27]. Potentially, this mode of failure could be allevi-
ated by better patient selection and more restrictive use of patches.

Limitations

This is a retrospective study that carries the limitations of such an
analysis. We have evaluated our historical cohort of patients and
there was certainly a learning curve in utilizing the different tech-
niques and our overall care standards have likely also improved
over time. The enrolment into each respective treatment arm has
varied throughout this exceptionally long study period and there-
fore could have inadvertently introduced a bias into the analysis.
To address this issue, we analysed the outcomes of patients
enrolled in the first part of the recruitment period (before 2008)
separately from the second part (from 2008 on). Although the
follow-up is shorter for the 2008–2018 period, the survival bene-
fits derived from the Reimplantation technique were found to be
similar between the periods 1996–2007 and 2008–2018 (data
shown in Supplementary Material).

During the second half of the study period, we increased
our recruitment of foreign patients; accordingly, this has resulted
in a higher percentage of patients lost to follow-up in
the Reimplantation cohort compared to the Cabrol group
(6.9% vs 1.2%). This also may have introduced a slight bias in the
study.

Our statistical analysis also carries the limitations of IPW.
Although observed baseline covariates are balanced between
techniques, it does not include unmeasured characteristics or
confounders (e.g. physiopathology of AR vs aneurysmal disease,
valve tissue quality and quantity) that could remain different be-
tween groups.

CONCLUSIONS

In this study, comparing 2 annuloplasty strategies in BAV repair,
we found statistically significant differences for long-term dur-
ability in favour of the Reimplantation technique and no signifi-
cant difference for overall survival. The results support our
current strategy of the Reimplantation technique and repair of
AR in patients with BAV. Cabrol annuloplasty is obsolete and
should be generally abandoned in patients undergoing BAV re-
pair for AR.

SUPPLEMENTARY MATERIAL

Supplementary material is available at EJCTS online.
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