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Abstract 

OBJECTIVES: Aortic valve-sparing root replacement using the reimplantation technique and mitral valve (MV) repair are well- 
established surgical approaches for the treatment of aortic root pathologies and mitral valve insufficiency. However, the management of 
concomitant diseases with a dual valve-preserving strategy remains poorly described. Therefore, the aim of this study is to evaluate the 
long-term outcomes of concomitant valve-sparing surgery and MV repair.
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METHODS: This case series includes all the patients who underwent combined valve-sparing root replacement and MV repair at 
Cliniques Universitaires Saint-Luc (Brussels, Belgium) between January 2000 and June 2022. Actual survival rate and freedom from reop
eration were calculated by the Kaplan–Meier method, and the log rank test was used for statistical evaluation.

RESULTS: Forty-five patients were included in the study; they were divided into two groups (13 patients with and 32 patients without 
connective tissue disorders). There was no hospital mortality. Three patients (7%) required pacemaker implantation. Overall survival at 
10 years was 90% (95% confidence interval [CI]: 64–97%). Furthermore, freedom from all reoperations at 10 years was 84% (95% CI: 64– 
93%). Analysing the two subgroups, we found no statistically significant difference in terms of 10-year survival (log rank P¼ 0.146). 
However, freedom from reoperation at 10 years was significantly lower in the connective tissue disorder group (63% vs 91%, log rank 
P¼ 0.031). Most patients treated with transaortic edge-to-edge repair required MV reoperation.

CONCLUSIONS: Combined valve-sparing root replacement with the reimplantation technique and MV operations are complex surger
ies. However, they can be performed safely, with excellent long-term survival and repair durability. Applying standard Carpentier techni
ques for MV repair is crucial, especially in patients with connective tissue disorders.

Keywords: aortic surgery • valve sparing • valve repair • connective tissue disease

ABBREVIATIONS   

AI Aortic insufficiency  
AV Aortic valve  
CI Confidence interval  
CTD Connective tissue disorders  
IQR Interquartile range  
MI Mitral insufficiency  
MV Mitral valve  
NCTD Non-connective tissue disorders  
PEARS Personalized external aortic root support  
VSRR Aortic valve-sparing root replacement with 

the reimplantation technique 

INTRODUCTION

Aortic valve-sparing root replacement with the reimplantation 
technique (VSRR) and mitral valve (MV) repair are well- 
established surgical interventions for the management of aortic 
root pathologies and mitral insufficiency (MI) [1, 2]. Although 
these procedures are frequently performed individually, the si
multaneous occurrence of both pathologies in a single patient 
presents a complex clinical challenge. This is particularly evident 
in patients with connective tissue disorders (CTD), such as 
Marfan syndrome and Loeys–Dietz syndrome, in which the co
existence of AV and MV abnormalities is more prevalent [3, 4].

While valve-sparing procedures have demonstrated superior 
outcomes compared to valve replacement—specifically in terms 
of long-term survival and avoidance of lifelong anticoagulation— 
there is a paucity of data regarding the combined use of MV 
repair and VSRR. Current literature on the concomitant perfor
mance of these two procedures is limited, with most studies 
being small-scale [5–9].

This study aims to evaluate our experience with concomitant 
MV repair and VSRR in a high-volume centre, focusing on the fea
sibility, safety and clinical outcomes of this combined approach.

MATERIALS AND METHODS

Ethical statement

This study was approved by the Ethics Committee of the Cliniques 
Universitaires Saint-Luc, Brussels, Belgium (2013/03JUI/356). 

Written informed consent was obtained from all participants. The 
Ethics Committee approved the establishment for stored data and 
monitor ongoing use of database.

Study population

Patients included in this study were selected based on two pri
mary criteria: aortic root dilatation with indication for VSRR [10], 
who were found to have moderate to severe mitral insufficiency 
(MI), or patients indicated for mitral repair due to severe MI, 
who also presented aortic root dilatation during preopera
tive evaluation.

The underlying mitral pathology was predominantly degener
ative, associated with mitral leaflet prolapse, with or without an
nular dilatation.

Preoperative and operative information were extracted from 
our prospectively collected institutional clinical and echocardio
graphic database containing all cardiac procedures performed in 
our institution.

The primary outcome of the study was survival including in- 
hospital and late deaths. In-hospital death was defined as any 
death occurring during the first 30 days after surgery; any other 
death was considered a late death. Secondary outcomes in
cluded AV or MV reoperation. Outcomes were reported for the 
entire cohort and for different subgroups, according to the pres
ence or absence of connective tissue disorders (CTD vs NCTD).

Operative data are complete, as well as pre- and postopera
tive characteristics.

Postoperative echocardiograms were performed before dis
charge from the hospital and annually or every 1–2 years after 
the first year post-surgery.

Perioperative data were retrospectively reviewed. Clinical and 
echocardiographic follow-up was collected from hospital and 
cardiologist reports.

Operative techniques

All patients underwent surgery via full sternotomy with cardio
pulmonary bypass. Warm blood cardioplegia to arrest the heart 
was given into the aortic root, or directly into the coronary ostia 
in case of aortic insufficiency (AI). MV was repaired through a 
standard left atrial approach with posterior leaflet resection 
techniques, artificial chordae and complete semi-rigid ring 
annuloplasty. Occasionally, in selected patients with moderate 
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MI and MV disease type 1 or 2 limited to (A2-) P2 segment and 
to save on operative time, the MV was repaired with an edge- 
to-edge (Alfieri stitch) performed through the AV. After MV 
repair, the VSRR was carried out in a standard fashion as 
previously described by our group using straight tube during 
early period of the study and Valsalva graft since 2002 
(Gelweave and Gelweave Valsalva, Vascutek Ltd, Terumo 
Company, Renfrewshire, Scotland) [2–15]. There were no differ
ences in outcome when using one or the other prosthesis. Aortic 
valve lesions, such as cusp prolapse, thickening or large fenestra
tions were repaired utilizing, respectively, central cusp plication 
or running suture (Gore-Tex CV-7), shaving and pericardial 
patch. Occasionally, addition annuloplasty technique (Cabrol 
Stitch or polytetrafluoroethylene [PTFE] suture annuloplasty) was 
associated with the reimplantation procedure. PTFE suture annu
loplasty (Gore-Tex CV-2, WL Gore and Associates, Flagstaff, AR) 
was placed around the Dacron graft at the level of the proximal 
suture line. Suture annuloplasty was tied on the beating heart 
and under echocardiographic guidance.

All patients were evaluated with a transoesophageal echocar
diography to assess the degree of residual AI or MI.

Statistical analyses

Continuous data are presented as median and interquartile 
range (IQR). Data for categorical variables are reported as fre
quency and percentage. Actual survival rate and freedom from 
reoperation were calculated by the Kaplan–Meier method, and 
the log rank test was used for statistical evaluation. Patients were 
censored at the last available follow-up entry. In the survival 
analysis for recurrence of AI or MI, patients were censored at 
the last available follow-up echo. Statistical analysis was gener
ated utilizing SPSS (IBM Corporation, Armonk, NY). A P value 
<0.05 was considered statistically significant.

RESULTS

From January 2000 to June 2022, 652 patients underwent VSRR 
at the Cliniques Universitaires Saint Luc (Brussels, Belgium). Of 

these, 45 (7%) patients underwent combined VSRR and MV re
pair. None of the patients underwent an MV replacement. 
Patients with other concomitant operations, such as coronary 
artery bypass grafting (CABG) or tricuspid valve repairs, were 
also included in the final dataset. Figure 1 shows the rate of 
interventions based on the year of surgery. Most of the patients 
(n¼ 32, 71%) were treated in the past decade.

Patient characteristics

Baseline characteristics and preoperative echocardiographic 
data are summarized in Table 1.

Forty (89%) patients were male, and median age was 55 (IQR: 
35–65) years. Thirteen patients (29%) had a genetic diagnosis of 
CTD, of which the majority (n¼ 11) had Marfan syndrome (one 
Loeys–Dietz and one Ehlers-Danlos syndrome). In addition, six 
patients had previously undergone cardiac surgery.

The median aortic root diameter was 50 (47–54) mm. The aor
tic valve (AV) was bicuspid in five patients (11%). Precisely, 36% 
of patients had an associated AI greater than moderate. Severe 
MI was found in 86% of patients (14% had moderate MI).

As shown in Table 2, all patients underwent aortic root valve- 
sparing surgery with the reimplantation technique (David proce
dure). Valsalva graft was used in majority of the patients (n¼ 41, 
91%). Twenty-seven patients (60%) needed aortic leaflet repair. 
Cabrol annuloplasty stitches were applied in three (7%) patients 
and PTFE suture annuloplasty in two patients (4%).

Regarding the MV repair, a complete annuloplasty ring was 
used in 36 patients (80%). Neochords were used in 7 (16%) 
patients, and posterior leaflet resection techniques were per
formed in 23 (51%) patients. Transaortic edge-to-edge MV repair 
was performed in five (11%) patients, whose diagnosis of moder
ate MI was made in the operating room before the operation.

Other additional procedures and operative parameters are 
summarized in Table 2.

Early postoperative outcomes

There was no hospital mortality during index procedure. 
Postoperative complications are presented in Table 3. One 

Figure 1: Patients received concomitant VSRR and MV repair between 2000 and 2022.
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Table 2: Operative data

Variables All (n¼ 45) NCTD (n¼ 32) CTD (n¼ 13) P value

Aortic repair
Valve-sparing reimplantation 45 (100) 32 (100) 13 (100)

Straight tube 4 (9) 4 (13) 0 0.182
Valsalva tube (Gelweave or Cardioroot) 41 (91) 28 (88) 13 (100) 0.182

Aortic leaflet repair 27 (60) 21 (66) 6 (46) 0.227
Central plication 16 (36) 14 (44) 2 (15) 0.072
Running suture 7 (16) 5 (16) 2 (15) 0.984
Shaving 8 (18) 6 (19) 2 (15) 0.789
Patch reconstruction 1 (2) 1 (3) 0 0.519

Mitral repair
Annuloplasty ring only 12 (27) 10 (31) 2 (15) 0.275
Neochordae þ annuloplasty ring 3 (7) 3 (9) 0 0.253
Leaflet resection þ annuloplasty ring 17 (38) 10 (31) 7 (54) 0.156
Leaflet resection þ neochordae þ annuloplasty ring 4 (9) 3 (9) 1 (8) 0.857
Leaflet resection no annuloplasty 2 (4) 2 (6) 0 0.356
Commissural edge-to-edge (no ring) 2 (4) 2 (6) 0 0.356
Trans-aortic edge-to-edge 5 (11) 2 (6) 3 (23) 0.104

Concomitant procedures 11 (24) 10 (31) 1 (8) 0.096
Tricuspid valve repair 2 (4) 2 (6) 0 0.356
Maze procedure 4 (9) 4 (13) 0 0.182
CABG 2 (4) 2 (6) 0 0.356
Hemiarch replacement 1 (2) 1 (3) 0 0.519

Cross-clamp time, median [IQR] min 145 [131–165] 145 [138–165] 134 [118–154] 0.089
Cardiopulmonary bypass time, median [IQR] min 170 [151–202] 176 [156–203] 170 [137–193] 0.444

Percentages are shown in parentheses unless indicated as IQR.

Table 1: Patient characteristics and echocardiographic data

Variables All (n¼ 45) NCTD (n¼ 32) CTD (n¼ 13) P value

Age, years, median [IQR] 55 [35–65] 58 [54–66] 30 [18–39] <0.001
Male sex, % 40 (89) 30 (94) 10 (77) 0.104
BMI, median [IQR] 24 [22–27] 25 [23–28] 21 [17–23] <0.001
Previous cardiac surgery 6 (13) 4 (13) 2 (15) 0.796
Hypertension 10 (22) 8 (25) 2 (15) 0.482
Renal failure (creat >1.3 mg/dl) 5 (11) 5 (16) 0 0.131
Diabetes mellitus 0 0 0
Hyperlipidaemia 7 (16) 6 (19) 1 (8) 0.354
COPD 4 (9) 3 (9) 1 (8) 0.857
NYHA

I–II 37 (82) 27 (84) 10 (77) 0.553
III–IV 8 (18) 5 (16) 3 (23) 0.553

Aortic insufficiency
1 20 (44) 11 (34) 9 (69) 0.033
2 9 (20) 5 (16) 4 (31) 0.250
≥3 16 (36) 16 (50) 0 0.001

Bicuspid aortic valve 5 (11) 5 (16) 0 0.131
Aortic root diameter, median [IQR] 50 [47–54] 51 [47–54] 49 [47–57] 0.486
Left ventricular ejection fraction
≥50% 36 (80) 26 (81) 10 (77) 0.742
31–50% 9 (20) 6 (19) 3 (23) 0.742

Mitral insufficiency
Moderate 7 (16) 3 (9) 4 (31) 0.073
Severe 38 (84) 29 (91) 9 (69) 0.073

Connective tissue disease
Marfan 11 (24)
Loeys–Dietz 1 (2)
Ehlers–Danlos 6 (13)

Percentages are shown in parentheses unless indicated as IQR.
Abbreviation: COPD ¼ chronic obstructive pulmonary disease. NYHA ¼ New York Heart Association.
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patient had a stroke, and three (7%) patients underwent perma
nent pacemaker implantation. Precisely, 98% of patients were 
discharged with a trivial-mild mitral and AI after an average of 
8 days of hospital stay.

Late outcomes

The median follow-up duration was 6.5 years, and 15 patients were 
still at risk at 10 years. A total of five deaths occurred during the 
follow-up period, three after 10 years (at 11, 14 and 16 years, re
spectively). One patient died from mitral endocarditis 14 years after 
surgery; another patient died from unknown cause (by the age of 
85), and the remaining three patients died from non-cardiac causes 
(one pneumonia, one Covid infection, one car accident). Overall 
survival at 10 years was 90% (95% confidence interval [CI]: 64–97%) 
(Fig. 2A). Analysing the two subgroups, the 10 years survival was 
100% for CTD and 86% (95% CI: 54–96%) for NCTD, with no statis
tically significant difference (log rank P¼ 0.393) (Fig. 2B).

During the follow-up period, seven patients required reinter
vention: two patients on the AV, three on the MV and two 
patients had reoperation on both AV and MV (Table 4). The line
arized risk of reintervention was 2.1%.

Regarding the four patients needing AV reintervention, one was 
reoperated for stenosis 13 years after bicuspid aortic valve (BAV) 

repair and the three others for AI. Two of them had had three 
cusps repaired with running suture, and the last one had right cor
onary cusp prolapse treated with a running suture (Table 4). In re
cent years, we have avoided the use of free-edge running sutures 
because we found to be a risk factor for stenosis and failure of 
aortic repair [16]. Aortic valve re-repair was performed in one pa
tient, while the remaining three received AV replacement.

Regarding the patients needing MV reintervention, Table 4 
shows the causes of recurrence of MI. All five patients were 
reoperated for severe recurrent MI. Three of them had as initial 
MV repair technique a transaortic edge-to-edge, one had a 
commissural edge-to-edge without annuloplasty ring and one 
had a P2 resection plus annuloplasty ring. At reoperation, all 
patients underwent successful re-repair with posterior leaflet re
section or artificial chordae and annuloplasty ring. All seven 
patients survived their reoperation.

Freedom from AV and MV reoperations at 10 years for the en
tire cohort was 84% (95% CI: 64–93%) (Fig. 3A). At 10 years, free
dom from reoperation was significantly lower in the CTD group 
(63% [95% CI: 17–88%]) compared to the NCTD group (91% [95% 
CI: 66–98%]) (log rank P¼ 0.031) (Fig. 3B).

Competing risk curves are reported in the Supplementary 
Material (Supplementary Fig. S1).

On last echocardiographic follow-up, one patient (transaortic 
edge-to-edge MV repair) had developed severe MI and has not 

Table 3: 30-days outcomes

Variables All (n¼ 45) NCTD (n¼ 32) CTD (n¼ 13) P 
value

Mortality 0 0 0
Postoperative new AF 8 (18) 7 (22) 1 (8) 0.259
Pacemaker implantation 3 (7) 2 (6) 1 (8) 0.860
Strokea 1 (2) 1 (3) 0 0.519
Hospital stay (days), median [IQR] 11 [8–15] 11 [8–15] 13 [11–13] 0.350
Discharge echo
Aortic insufficiency

0–1 44 (98) 31 (97) 13 (100) 0.519
2 1 (2) 1 (3) 0 0.519
≥3 0 0 0

Mitral insufficiency
Trivial-mild 44 (98) 32 (100) 12 (92) 0.113
Moderate 1 (2) 0 1 (8) 0.113
Severe 0 0 0

aIntraoperative aortic dissection during aortic cannulation causing disabling stroke on right carotid dissection and hemiplegia.
Abbreviation: AF ¼ atrial fibrillation.

Figure 2: (A) Survival following concomitant VSR and MV repair. Estimated survival at 10 years was 89.6% (95% CI: 64.3–97.3%). (B) Survival following concomitant 
VSRR and MVR in NCTD vs CTD. Estimated survival at 10 years was 86% (95% CI: 54–96%) for NCTD and 100% for CTD (log rank P¼ 0.393).
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been reoperated yet by the patient’s decision. In the whole co
hort, also considering the patients who underwent reinterven
tion, 10 years freedom from moderate to severe AI was 90% 
(95% CI: 70–97%) and freedom from moderate to severe MI was 
86% (95% CI: 68–95%) (Kaplan–Meier curves are reported as 
Supplementary Figs S2 and S3).

During follow-up, one patient had a thromboembolic event, 
another had endocarditis. Linearized rates were 0.3% for both 
events. Major bleeding occurred in two patients with a linear
ized rate of 0.6%.

DISCUSSION

This study evaluates the early and long-term outcomes of 
patients who underwent concomitant VSRR and MV repair. 
Valve-preserving operations, especially of the AV, are technically 
demanding and less frequently performed compared to 

traditional AV replacement. This is largely due to the intricate 
nature of maintaining a functional AV while addressing root dila
tion, as well as concerns about potential postoperative valve 
dysfunction. In a similar fashion, the decision to also repair the 
MV adds complexity and requires specialized techniques, al
though nowadays it is the gold standard at many cardiac surgery 
centres worldwide [2, 17, 18].

Historically, replacement of the aortic root with a composite 
valve graft utilizing a mechanical prosthesis has been the go-to 
procedure for young patients, with or without CTD [19–21]. 
These facts explain that few studies to date have reported the 
outcome of large series of combined VSRR and MV repair. The 
results we show in this nearly unique cohort of patients are 
favourably compared to literature data regarding several out
comes. Specifically, we report 100% survival at 1 and 5 years, 
and 90% at 10 years, which is comparable to prior studies that 
focused on double valve preservation. In a study by David et al. 
[7], 123 patients underwent combined aortic root replacement 
with MV surgery. Although in this cohort the AV was only pre
served in 21 patients and MV repair was performed in 67 
patients, the authors demonstrated that the lowest mortality 
rate occurred in patients with a first-time VSRR combined with 
MV repair.

Nicolini et al. published a series of 1167 double AV and MV 
replacements in 2014. Of these, 443 underwent double mechan
ical valve replacements and hospital mortality for patients youn
ger than 70 years was 4.8% and 1-year mortality was 7.6%. 
Interestingly, survival for the entire cohort at 5 years was only 
75.1% [22].

In another study, Coutinho et al. [23], reported a 6-year sur
vival of 76.7% after aortic and mitral replacement (45.6% of the 
cohort had a double mechanical valve).

Finally, in another study by Caus et al. [24], the authors ana
lysed long-term follow-up in a matched population of patients 
treated with double biological or mechanical prosthesis. For the 
mechanical group, the results were statistically better compared 
to biological valves. The mean age was 60-year-old, and survival 
was 78.9% and 62.3% at 5- and 10 years, respectively. The 
10-year freedom from reoperation was 80.6%. The cumulative 
incidence of thromboembolic and haemorrhagic events was 8% 
at 5 years, 23.6% at 10 years and 70.6% at 15 years. Overall, dis
appointing results with prosthetic double valve replacements. 
This explains that, in recent decades, VSRR has become increas
ingly popular and affords us the ability to avoid prosthetic AVs 
with its prosthesis-related complications and its need for chronic 
anticoagulation [13, 25–28].

Figure 3: (A) Freedom from reoperation following concomitant VSR and MV repair at 10 years was 84% (95% CI: 64–93%). (B) Freedom from reoperation after VSRR 
and MVR at 10 years was 91% (95% CI: 66–98%) for NCTD and 63% (95% CI: 17–88%) for CTD (log rank P¼ 0.031).

Table 4: Follow-up outcomes

Outcome All (n¼ 44) NCTD (n¼ 31) CTD 
(n¼ 13)

Late death 5 (11) 5 (16) 0
Reoperations 7 (16) 3 (10) 4 (31)

Aortic alone 2 (5) 1 (3)a 1 (8)b

Mitral alone 3 (7) 1 (3)c 2 (15)d

Aortic þmitral 2 (5) 1 (3)b,d 1 (8)e

Last echocardiography N¼ 34 NCTD ¼ 27 CTD¼ 7
Aortic insufficiency

0–I 31 (91) 24 (89) 7 (100)
II 3 (9) 3 (11) 0
III–IV 0 0 0

Mitral insufficiency
Trivial-mild 28 (82) 22 (82) 6 (86)
Moderate 5 (15) 5 (19) 0
Severe 1 (3) 0 1 (14)d

aAortic stenosis 13 years after BAV repair.
bRecurrent AI, after initial AV repair with running suture on the 
three cusps.
cRecurrent MI after initial MV repair by commissural edge-to-edge without 
annuloplasty ring.
dRecurrent MI after initial MV repair with transaortic edge-to-edge.
eRecurrent MI after initial MV repair with P2 resection and annuloplasty 
ring and recurrent AI after AV repair with running suture for right coronary 
cusp prolapse.
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Herein, we are sharing one of the largest experiences reported 
to date with combined VSRR and MV repair including almost 
30% of the patients with CTD. The Stanford group has previously 
reported that 15–20% of patients with aortic root dilation in 
Marfan patients also presented with significant MV disease re
quiring surgical correction [29].

In patients with CTD, we found no mortality up to 10 years, 
likely attributable to the younger age of this cohort.

However, the reoperation rate in this cohort was substantial, 
with 16% requiring a reoperation at 10 years. This was particu
larly notable in the CTD group, where the incidence of reopera
tion was higher, likely due to the progressive nature of the 
underlying disease [30]. These findings are in line with prior 
studies on double valve replacements, where reoperation rates 
increase over time, particularly in patients who underwent me
chanical valve replacement [22–24].

Analysing reintervention in detail, our study suggests that the 
long-term outcomes of combined VSRR and MV repair can be 
optimized by employing more durable mitral repair techniques. 
In our study, most patients who failed MV repair and required 
reoperation underwent initial repair without ring or with the 
edge-to-edge technique. This highlights the notion that, for each 
patient, a repair of the MV following the basic principles set 
forth by Alan Carpentier is crucial. Although sometimes the pa
thology allows to approach the MV repair through the AV with a 
simple edge-to-edge repair, we have learned that this approach 
is not as durable in this patient population and leads to failure 
early on. Hence, performing a suboptimal repair to limit cardio
pulmonary bypass time comes with its own price. Therefore, we 
now approach these patients with standard MV repair with a 
complete or incomplete semi-rigid ring. The more complex 
repairs did not add to mortality or postoperative complications, 
and our freedom from moderate MI rates at mid-term follow-up 
was totally acceptable. Importantly, every patient who had an 
MV valve reoperation underwent a successful re-repair using 
standard Carpentier techniques.

Regarding AV sparing procedures, more than 50% of the 
patients in this cohort also required leaflets repairs. During reop
eration for recurrent AI, we noted that three patients had under
gone one or multiple leaflet prolapse repair with running suture. 
This technique, however, is rarely used today; leaflet prolapse 
being principally repaired with central plication.

Interestingly, the fourth patient in this cohort developed aortic 
stenosis one decade after VSRR, which is consistent with the 
known long-term progression of AV disease, especially in the 
context of BAV pathology [16, 31].

Recent interest has been increased in alternative techniques 
such as the personalized external aortic root support (PEARS), 
for the management of moderate root aneurysm [32–35]. In 
2016, Benedetto et al. [34] described the concomitant use of 
PEARS and MV repair in two patients. In a multicentre cohort 
study evaluating 200 consecutive patients treated with PEARS, 
the most frequent concomitant procedure was mitral repair 
(10%) [32]. The follow-up is still short, and the authors do not 
provide information about mitral function during follow-up. 
Compared to PEARS, we believe that VSRR is a more versatile in
tervention, because it allows for the repair of the aortic leaflets 
as well what is often needed especially in case of significant pre
operative AI [36].

Finally, we have to mention that, in patients with CTD, the 
reimplantation technique is also more durable than the remod
elling technique [13, 37], which has also been supported by the 

Toronto group [38]. The remodelling technique leaves areas of 
weakness in the functional aortic annulus, which are prone to 
disease recurrence. These areas however, become functionally 
excluded with the Reimplantation technique.

Study limitations

Although data were gathered in a prospective manner, the retro
spective nature of the analysis introduces some limitations, in
cluding the potential for selection bias and confounding factors, 
which may affect the strength of causal conclusions. Moreover, 
this study is limited by the relatively small sample size and the 
long study period, which covers 20 years, though most patients 
were treated in the past decade. The median follow-up period 
was relatively short, and both follow-up and the last echocardio
graphic follow-up were not standardized in terms of timing, 
which could impact consistency in outcome assessment. 
Additionally, the two study groups were analysed primarily for 
descriptive purposes due to the limited number of patients. 
Finally, since all surgeries were performed at a single centre by a 
limited number of highly experienced surgeons, the results may 
not be easily generalizable to all institutions or surgical teams.

CONCLUSIONS

In conclusion, our study supports the safety and effectiveness of 
concomitant VSRR and MV repair. However, reoperation 
remains a concern, especially in patients with connective tissue 
disorders. The use of classic Carpentier repair techniques with 
annular stabilization is crucial, while methods like the edge-to- 
edge repair should be avoided, as they may offer short-term 
competence but jeopardize long-term valve durability.
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