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Key questions

What is already known about this subject?
►► Aortic valve repair surgery is in its evolutionary 
phase with only a few large European centres re-
porting good long-term results.

What does this study add?
►► A real-world experience in aortic valve repair proce-
dures from a UK centre. We report excellent opera-
tive results and freedom from re-operation, but with 
less than perfect valve repair durability.

How might this impact on clinical practice?
►► We recognise the need for the development of a na-
tional aortic valve repair service in the UK to concen-
trate the experience and improve clinical outcomes.

Abstract
Objectives  Retrospective review of early results with 
aortic valve repair (AVr) techniques.
Methods  61 consecutive patients underwent AVr surgery 
at our institutions between 2008 and 2018. 14 patients 
had a bicuspid aortic valve and 16 had a connective 
tissue disorder. In 48 patients, aortic regurgitation 
(AR) was secondary to an aortic root and/or ascending 
aneurysms, while in 13 it was due to primary cusp 
pathologies. 13 patients underwent isolated cusp repair, 
19 sinotubular junction remodelling, 25 valve-sparing root 
replacement (VSRR) and 4 hemiroot replacement. Cusp 
repair techniques included: 18 free margin plication, 18 
commissural re-suspensions, 3 raphe resections and 1 
free-edge reinforcement. Subcommissural annuloplasty 
was performed in 25 patients (42%) with a dilated annulus 
(>28 mm).
Results  50 patients (82%) left the operating theatre 
with no AR, 8 with mild central and 3 with mild eccentric 
AR. In-hospital survival was 100%. Clinical follow-up 
was complete at 5.08±2.29 years and all patients were 
alive. Transthoracic echocardiographic follow-up was 
complete at 2.35±1.92 years and showed the presence 
of a moderate AR in 10 patients (18%) and severe AR 
in 2 patients (4%). One of these required re-do aortic 
valve replacement 6 years after VSRR. Freedom from re-
operation at 8 years was 88.15%±1.51%.
Conclusion  Good early results are achievable following 
AVr with acceptable medium-term outcomes. AVr surgery 
continues to evolve, and concentrating the experience in 
specialist centres in the UK is recommended.

Introduction
Aortic valve repair (AVr) is an evolving area, 
with only few European centres reporting a 
large volume experience. Despite the intro-
duction of the functional classification of 
aortic regurgitation (AR) in 20051 and the 
attempts of the experienced centres to stand-
ardise surgical valve repair techniques, very 
few surgical units, especially in the UK, have 
adopted this approach as an alternative to 
standard aortic valve replacement even in 
patients with pure aortic regurgitation.

The aim of this study was to report our 
early results with AVr techniques carried out 
by a single experienced aortic surgeon and 
to provide insights into contemporary UK 
practice.

Materials and methods
We retrospectively reviewed 61 patients 
who underwent aortic valve conserving 
surgery under a single experienced aortic 
surgeon (MP). Twenty-three operations were 
performed at the Royal Brompton Hospital, 
London, between April 2008 and October 
2011 and 38 at the John Radcliffe Hospital, 
Oxford, between October 2011 and October 
2018.

Clinical, operative and early outcome data 
of all patients were collected from the hospi-
tal’s computerised database (introduced 
in 2008). All intraoperative details were 
confirmed by direct review of the surgeon’s 
operative notes and all missing data from 
direct consultation of the patients’ notes.

Statistical analysis
Analysis was conducted with SPSS software, 
V.16.0 for Windows. Statistical analyses were 
calculated by measuring the mean±SD for 
continuous variables, and frequencies were 
measured for categorical variables. The 
Kaplan-Meier method was used to plot the 
freedom from re-operation rate.

Patients
Mean age was 49 years (range 17–85). Four-
teen patients had a bicuspid aortic valve and 16 
associated syndromic aortic diseases.
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Table 1  Preoperative patients’ characteristics and 
echocardiographic data

Total (61)

Age (years) 48.88±19.26 (range 17–85)

Gender (female) 16 (26.23)

Marfan syndrome 13 (21.31)

Loeys-Diez syndrome 2 (3.28)

Turner syndrome 1 (1.64)

Bicuspid aortic valve 14 (22.95)

 � Sievers type 0 2

 � Sievers type Ia 11

 � Sievers type Ib 1

Urgent 5 (8.20)

Re-do 1 (1.64)

Atrial fibrillation 8 (13.11)

Asymptomatic 40 (65.57)

Primary AR 13 (21.31)

 � Cusp prolapse 7 (11.48)

 � Cusp perforation/fenestration 2 (3.28)

 � Cusp retraction 4 (6.56)

Secondary AR 48 (78.69)

 � Root±ascending aorta aneurysm 27 (44.26)

 � Ascending aorta aneurysm 21 (34.43)

Left ventricular function  �

 � Good 54 (88.52)

 � Moderate 6 (9.84)

 � Poor 1 (1.64)

AR  �

 � Mild or less 19 (31.15)

 � Moderate 24 (39.34)

 � Severe 18 (29.51)

AR jet characteristic  �

 � Central jet 39 (63.93)

 � Eccentric jet 11 (18.03)

 � Multiple jets 6 (9.84)

Five patients without preoperative AR.
.AR, aortic regurgitation.

Figure 1  Intraoperative images. Free margin plication and 
subcommissural annuloplasty in a bicuspid aortic valve (A). 
Valve-sparing root replacement using remodelling technique 
with additional cusp repair and subcommissural annuloplasty 
in a bicuspid aortic valve (B, C, D).

In the majority of the patients (79%), the mechanism 
of AR was aortic root and/or ascending aorta aneurysms 
(secondary AR), while 13 patients had primary cusp 
pathologies.

Preoperative patients’ characteristics and echocardio-
graphic data are presented in table 1.

Surgical technique
A range of standard repair techniques have been used 
according to the mechanism of AR as assessed by intra-
operative transoesophageal echocardiography (TOE). 
Thirteen patients underwent isolated aortic cusp repair 

and 19 sinotubular junction (STJ) remodelling with 
ascending aorta replacement. Twenty-nine had various 
aortic root procedures.

Twenty-five patients underwent valve-sparing root 
replacement (VSRR): 24 with the remodelling (Yacoub) 
and 1 with the reimplantation (David) technique.

Valve cusp repair techniques included: free-edge plica-
tion (18 cases), commissural resuspension (18 cases), raphe 
resection (3 cases) and free-edge reinforcement (1 case). 
Subcommissural annuloplasty was routinely performed in 
patients (25 cases, 41%) with dilated annulus (>28 mm). 
Additional free margin plication was required in 5 of the 
VSRR/STJ remodelling procedures. An example of the 
applied techniques is displayed in figure 1.

The details of the surgical techniques and intraopera-
tive data are reported in table 2.

Results
Intraoperative outcomes
All patients underwent successful AVr. Mean cardiopulmo-
nary bypass time was 131.39±53.02 min and mean cross-
clamp time 102.73±44.93. One patient required a second 
pump run to successfully revise the AVr. Fifty patients 
(82%) left the operating theatre with no AR, eight patients 
with mild central and three with mild eccentric AR.

Postoperative outcomes
In-hospital survival was 100%. Two patients suffered a 
postoperative cerebrovascular accident. No cases required 
permanent pacemaker. Intensive care and hospital lengths 
of stay were 2.3±1.7 and 7.6±3.8 days, respectively (table 3).

Follow-up outcomes
Clinical follow-up was complete at 5.08±2.29 years and 
all patients were alive. One patient required re-do aortic 
valve replacement 6 years after a VSRR. This was a patient 
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Table 2  Surgical techniques and intraoperative data

Total (61)

Isolated cusp repair 13 (21.3)

Aortic root procedures 29 (47.54)

 � VSR remodelling 24 (39.34)

 � VSR reimplantation 1 (1.64)

 � Hemiroot replacement 4 (6.56)

STJ remodelling 19 (31.15)

Concomitant procedures 13 (21.31)

 � CABG 3

 � Hemiarch 3

 � Mitral valve repair 2

 � AF ablation 3

 � Subaortic membrane 1

 � Reduction aortoplasty 1

CPB time 131.39±53.02

Cross-clamp time 102.73±44.93

DHCA 3 (4.92)

ACP 2 (3.28)

Aortic repair techniques  �

 � Subcommissural annuloplasty 25 (40.98)

 � Free margin plication 18 (29.51)

 � Commissural re-suspension 18 (29.51)

 � Raphe resection 3 (4.92)

 � Free-edge reinforcement 1 (1.64)

 � Subcommissural + VSR/STJ remodelling 12 (19.67)

 � Cusp repair + VSR/STJ remodelling 5 (8.20)

ACP, antegrade cerebral perfusion; AF, atrial fibrillation; CABG, 
coronary artery bypass graft; CPB, cardio-pulmonary bypass; 
DHCA, deep hypothermic circulatory arrest; STJ, sinotubular 
junction;VSR, valve-sparing root.

Table 3  Postoperative outcomes

Total (61)

Complications (patients) 3 (4.92)

 � PPM 0

 � Re-explorations 0

 � Postoperative MI 1 (1.64)

 � CVA 2 (3.28)

 � Upper GI bleeding 1 (1.64)

Ventilatory support (hours) 8.16±5.60

Intensive care LOS (days) 2.29±1.68

Total LOS (days) 7.59±3.78

In-hospital mortality 0

. CVA, cerebrovascular accident; GI, gastrointestinal; LOS, length 
of stay; MI, myocardial infarction;PPM, permanent pacemaker.

Table 4  Intraoperative transoesophagus and follow-up 
transthoracic echocardiographic data

Intraoperative 
TOE
(61)

Follow-up TTE
(61)

No/trace AR 50 (81.97) 27 (44.26)

Mild AR 11 22 (40)

Moderate AR 0 10 (18.18)

Severe AR 0 2 (3.64)

AR, aortic regurgitation; TOE, transoesophageal 
echocardiography; TTE, transthoracic echocardiography.

with Marfan syndrome, referred late to surgery, with a 
root aneurysm of 55 mm and a dilated left ventricle with 
poor systolic function.

Freedom from re-operation at 8 years was 88.15%±1.51%, 
with just three patients observed at 8 years.

Transthoracic echocardiographic follow-up was 
completed at 2.35±1.92 years and showed the presence 
of a moderate AR in 10 patients (18%) and severe AR 
in 2 patients (4%). One of these underwent re-operation 
and one remains asymptomatic and on clinical follow-up 
(table 4).

Discussion
AVr is an attractive option to treat patients with pure 
AR. There are a number of recognised benefits associ-
ated with preserving the native aortic valve and avoiding 
prosthesis-related complications such as thrombosis, 
endocarditis, bioprosthetic degeneration, mechanical 
valve dysfunction and haemorrhagic events associated 
with the life-long anticoagulation treatment. Despite 
these advantages, however, the long-term benefits of AVr 
procedures remain to be fully defined. One of the main 
concerns is related to the durability of the repair, that is, 
freedom from recurrence of significant AR and the need 
for a re-operation.2

A recent systematic review compared outcomes of 
AVr and replacement in patients with aortic regurgita-
tion. In-hospital mortality was 1.3% for the repair and 
3.6% for the replacement and 1-year mortality was 3.6% 
and 8.8%, respectively. Of note however, the re-opera-
tion rate at 1 year was higher for AVr (8.8% vs 3.7%).3 
Successful long-term outcomes with AVr procedures 
have been reported by high volume centres and mainly 
driven by experience with the surgical techniques and 
the patient selection. Consequently, AVr procedures 
are currently recommended by the European Society of 
Cardiology (ESC)/European Aossociation of Cardiotho-
racic Surgery (EACTS) guidelines in selected patients 
performed in specialised aortic centres. Valve repair 
or VSRR surgery should be considered in patients with 
pliable non-calcified tricuspid or bicuspid valves who 
have a type I (enlargement of the aortic root with normal 
cusp motion) or type II (cusp prolapse) mechanism of 
aortic regurgitation. Reimplantation or remodelling 
with aortic annuloplasty is a Class Ic recommendation 
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in young patients with aortic root dilation and tricuspid 
aortic valves, when performed by experienced surgeons.4

David et al5 published the long-term outcomes of 296 
consecutive VSRR: survival at 5, 10 and 15 years was 95%, 
93% and 76.5%, respectively; freedom from moderate 
or severe aortic regurgitation at 5, 10 and 15 years was 
98%, 93% and 89%, respectively, and just three patients 
required a re-operation on the aortic valve. Excellent 
results have also been reported by the most experienced 
European centres. El Khoury's group reported 85% 
freedom from re-operation at 10 years after AVr.6 Data 
from the AVIATOR Registry demonstrate a freedom from 
re-operation at 7 years of 90.5% for aortic root aneurysms, 
100% for tubular aortic aneurysm and 97.5% for isolated 
AR.7 A multicentre (four units) German experience with 
1015 VSSR procedures showed 90% freedom from aortic 
valve replacement at 8 years.8 A subanalysis performed 
in 764 patients with echocardiographic follow-up found 
that one-third of patients left the operating room with 
some residual AR. Furthermore, 13% of patients without 
postoperative AR presented with new and significant AR 
within the first 5 years and that progression of AR was 
detected in 30% of patients who had left the hospital with 
mild residual AR. The progression of AR remained stable 
in 4% of the patients and lead to re-operation in 26%. 
The main risk factor for new-onset AR was additional 
cusp repair, while risk factors for mild residual AR were 
greater aneurysm size and preoperative aortic regurgita-
tion severity.9 The Belgian group led by El Khoury also 
highlight the crucial importance of the TOE in assessing 
the repair and identified three risk factors for early 
failure: residual AR, particularly eccentric jet; cusp coap-
tation below the aortic annulus and a coaptation length 
<4 mm.106789

We presented our UK experience with AVr procedures 
and our results appear to be in line with the early expe-
rience reported from the European aortic centres. We 
report excellent immediate and early surgical results: no 
in-hospital mortality, low incidence of complications and 
short postoperative stay. Over 82% of the patients left the 
operating theatre with no or trivial AR, 13% with a mild 
central AR and just three patients with a mild eccentric 
AR. Despite the good early surgical results, however, echo-
cardiographic follow-up showed a less satisfactory dura-
bility of the repair, with 18% of patients having moderate 
AR and 4% with severe AR. All patients were alive at 
5.08±2.29 years clinical follow-up, and the freedom from 
re-operation at 8 years was 88.15%±1.51%.

One patient required a re-operation 6 years after 
VSRR. With the benefit of hindsight, we should have 
been more aggressive in stabilising the aortic annulus of 
this patient referred late to surgery and consequently had 
severe annular and left ventricular dilatation. Reports 
from experienced centres show that suture annuloplasty 
with polytetrafluoroethylene or ring/band implant is 
probably associated with better long-term freedom from 
recurrence of AR when the aortic annulus is severely 
dilated.5 11–13

As clearly stated in the international guidelines, the 
choice of the surgical procedure in patients with pure 
AR should be adapted to patho-anatomical factors (the 
presence of an aortic root aneurysm and characteristics 
of the cusps), the experience of the surgical team and 
the patient’s choice (life expectancy and desired antico-
agulation status).4

No follow-up data are available regarding the current 
practice in the UK. The most recent available data on 
VSRR from NICOR (National Institute for Cardiovascular 
Outcomes Research) reported 103 procedures performed 
over a period of 3 years across the country (average of 33 
cases/year).14 This suggest that VSRR remains an under-
performed procedure in current UK practice. The situ-
ation in the USA is similar when we consider that the 
STS Database recorded that out of 13 743 root surgical 
procedures performed between 2004 and 2010, only 14% 
were VSRR procedures, only 82 centres performed VSRR 
procedures, with only 5% of centres performing more 
than 16 cases/year and only 2 centres 100 VSRRs/year.15

Conclusion
We report our early UK experience with AVr techniques 
for patients with pure AR due to a variety of mechanisms. 
We achieved excellent early postoperative clinical and 
echocardiographic results with acceptable medium-term 
outcomes (long-term follow-up was limited with missing 
data). However, AVr techniques continue to evolve 
and further studies are required to evaluate the long-
term benefit to patients with pure AR. These findings 
underline the need for concentrating the experience in 
specialist centres in the UK with the aim of providing a 
national AVr service.
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