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Abstract

Objectives: To compare the long term outcomes between minimally invasive
mitral valve repair (MiMVR) and conventional surgery. Current retrospective
comparisons between the techniques frequently report echocardiographical
(echo) outcomes early after surgery and rarely report them later. Methods:
Patients were selected for MiMVR by the surgical multi-disciplinary meeting
from June 2008-March 2013. Patients included had at least two transthoracic
post-operative echocardiograms. Echocardiographic parameters including left
ventricular size and systolic function, degree of mitral regurgitation (MR) and
mean mitral valve gradient were recorded. Clinical outcomes including
all-cause mortality, re-operation, recurrence of at least moderate MR and
elevated mean mitral valve gradients > 5 mmHg were recorded and compared
using Kaplan-Meier survival analysis. Results: 223 patients were screened, 96
(43%) met the criteria and were included. Thirty-seven patients underwent
conventional surgery and 59 underwent MiMVR. Mean clinical follow-up
was 6.3 years and echo follow up was 3.2 years. There was a significantly
higher recurrence of moderate MR in the conventional group (38% (n = 19)
versus 17% (n = 10)). The mean LV end-diastolic diameter was 4.8 cm (con-
ventional) versus 5.0 cm (MiMVR). The incidence of elevated PG was 26% (n
= 13, conventional) and 23% (n = 14, MiMVR). There was no significant differ-
ence in incidence in re-operation (conventional 12% (n = 6), MiMVR 8.3% (n =
5)). Long-term mortality was higher in the conventional group (1.7% vs. 18%
p = 0.004) although the logistic Euroscore was significantly higher 6.8% + 5.4
vs. 3.6% + 1.6. Conclusions: Minimally invasive mitral valve surgery is safe
and feasible in selected patients with good medium and long-term echocar-
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diographic follow-up.
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1. Introduction

Left untreated, severe mitral regurgitation (MR) carries a poor prognosis. In
asymptomatic patients, estimated 5-year rates of death from any cause, death
from cardiac causes and adverse events (death, heart failure or new atrial fibril-
lation (AF)) are 22%, 14%, and 33% respectively [1]. Mitral valve repair (MVR)
is the optimal treatment for severe MR caused by degenerative disease carrying
lower peri-operative mortality, improved survival, better preservation of left
ventricular function and lower long-term mortality [2]-[7].

The first video-assisted minimally invasive mitral valve repair via a lateral
thoracotomy was reported in 1996 [8]. Such “keyhole” techniques were pio-
neered to reduce postoperative pain, blood loss, hospital stays and cost com-
pared to the conventional median sternotomy approach [9] [10]. In Europe and
America, it has since been adopted as the standard of care. However, the Inter-
national Society of Minimally Invasive Cardiac Surgery published a consensus
document in 2010 highlighting the lack of data directly comparing the two tech-
niques, and strongly recommended more studies designed to help determine
whether minimally invasive mitral valve repair (MiMVR) is better, worse or the
same as conventional surgery with respect to important clinical outcomes [11]. We
compare clinical and echocardiographic follow-up of our real-world experience of

conventional approach versus MiMVR in consecutive patients at a single centre.

2. Methods
2.1. Patient Selection and Follow-Up

The James Cook University Hospital (JCUH), Middlesbrough, is a large cardio-
thoracic tertiary referral centre accepting referrals from across the North East of
England as well as from distant referral centres across the United Kingdom. Ap-
proximately 120 mitral valve repairs are performed per year.

All patients undergoing elective mitral valve repair without coronary artery
bypass grafting between June 2008 and March 2013 were considered for inclu-
sion into our study. Patients underwent conventional or minimally invasive sur-
gery following assessment of their mitral valve and surgical technique was de-
cided by the surgical team. Contraindications to a minimally invasive approach
were a heavily calcified immobile annulus, infective endocarditis, aortic regurgi-
tation, a dilated aorta precluding use of endo-balloon to occlude the aorta, pre-

vious right sided thoracic surgery and known severe peripheral vascular disease.
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Urgent and endocarditis cases were excluded from this study.

The operative technique for MiMVR used at our centre has already been de-
scribed in detail by Akowuah et al [12]. All cases were performed via a 5 - 6 cm
antero-lateral minithoracotomy, used to enter the thorax through the third or
fourth intercostal space. Mitral valve repair was performed using a combination
of techniques including triangular resection, anterior neochordae and transfer of
native chords. A complete or partial annuloplasty ring was always employed.
Conventional mitral valve repair was performed using conventional surgical
techniques decided by the individual surgeon. Patients who required an intraop-
erative change in strategy from repair to replacement or intra-aortic balloon
counterpulsation therapy were excluded.

A cardiac database prospectively recorded data on all mitral valve operations
performed during this time period, including peri-operative and postoperative
details and events. Data was collected from this database. Further details were
obtained from thorough review of individual case notes, echocardiograms ob-
tained from both JCUH and the referring hospitals and discharge letters.

Patients were required to have a transthoracic echocardiogram performed
within two months of the initial operation (the “baseline” post-operative scan);
this was commonly performed on the ward prior to discharge. At least one fur-
ther transthoracic echocardiogram, usually performed at JCUH at the time of
their cardiothoracic follow-up appointment, was required to be included in the
study. Patients were then subsequently followed up by the referring hospital un-

dergoing echocardiography as per local protocol.

2.2. Definitions

All chamber dimensions were defined as normal or mild, moderate or severely
dilated as per the EAE (European Association of Echocardiography) guidelines
[13]. Left ventricular function was defined as hyperdynamic, normal or mildly,
moderately or severely impaired using the Simpson’s Biplane technique if suffi-
cient image quality was obtained to clearly demarcate the myocardial border or
visually if there was insufficient image quality.

Mean and peak mitral valve gradients were measured using continuous wave
doppler. Mitral regurgitation was graded as normal, trace, mild, mild/moderate,
moderate, moderate/severe or severe using ESC guidelines and visual estimation
[14].

2.3. Outcomes

Mortality outcomes were detected using The United Kingdom Office of National
Statistics (ONS) data. Incidences of re-operation on the mitral valve or recur-

rence of at least moderate mitral regurgitation were also recorded.

2.4. Statistical Analysis

Data was analysed using IBM SPSS v 20.0 for PC. Continuous variables have the
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mean and standard deviations quoted and were compared using a two-sample
t-test. Categorical variables were compared using z test for proportions. Kaplan
Meier survival analysis was performed for mortality, re-operation and recur-
rence of at least moderate mitral valve regurgitation with log-rank comparisons
performed between cohorts.

As only patients with appropriate echocardiograms were included, there was
no missing data for the patients included. There was no indeterminate data that
arose, as continuous variables were generated from the same echocardiogram

software and classified according to EAE guidelines.

2.5. Ethics

This was approved by the local Research and Development team as part of an

evaluation of our minimally invasive surgery service.

3. Results

A total of 224 elective and urgent/emergency mitral valve operations were per-
formed during the study period (conventional midline sternotomy (118 cases),
minimally invasive approach (106 cases)). Of these, 96 elective cases met the cri-
teria for inclusion into the study (conventional midline sternotomy (37 cases),
minimally invasive approach (59 cases)). Seventy-five (78%) cases had three or
more post-operative echocardiograms performed. Baseline demographics and
surgical procedural data can be seen in Table 1.

Patients in the conventional surgery arm were significantly older (71.0 + 9.6
vs. 59.9 £ 12.0 years, p < 0.001), had a significantly higher logistic euroscore
(6.8% + 5.4% vs. 3.6% + 1.6%, p < 0.001) and had higher rates of pre-operative
AF (49% vs. 20%, p = 0.004).

Mean follow-up for clinical events was 6.3 + 2.0 for conventional surgery and
6.3 = 1.4 years for MiMVR (overall 6.4 + 1.7 years (0.4 - 9.2)) (Table 2). There
was no 12-month mortality in either cohort. Six-year mortality was 14%
amongst patients who underwent conventional surgical repair and 1.7% in pa-
tients who underwent minimally mitral valve surgery (p = 0.004). Further mitral
valve intervention in 4 cases (12%) who underwent conventional surgery (re-
current MR (3 cases), worsening coronary disease requiring coronary artery by-
pass grafting with further MV repair for moderate MR (1 case)). Further mitral
valve intervention was performed on 5 (8.3%) cases who underwent MiMVR
(mitral valve endocarditis (1 case), failure of repair with recurrent MR (2 cases),
severe mitral stenosis (2 cases)). There was no significant difference between the
two cohorts for re-intervention (p = 0.661). The time to re-do surgery was 39.5 +
21.2 months (10.3 - 60.1) for conventional surgery and 32.1 + 18.3 months (16.6
- 56.8) for MiMVR (p = 0.073).

Mean echocardiographic follow-up was 3.2 + 1.8 years in the conventional
surgery arm and 3.2 + 1.7 years in the minimally invasive arm. At least moderate

mitral regurgitation occurred following valve repair in 15 (41%) of cases due to
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Table 1. Patients’ characteristics, pre-operative pathology, operative characteristics. Val-
ues are mean (+SD) or number (proportion %).

Conventional surgery Minimally invasive mitral

-val
(n=37) valve surgery (n = 59) p-value
Baseline demographics
Age (years) 71.0£9.6 59.9 £ 12.0 <0.001
Female gender 14 (38) 19 (32) 0.569
Logistic Euroscore (%) 6.8+54 3.6+1.6 <0.001
Serum creatinine (umol/l) 92.2+£21.8 89.5+21.9 0.559
Pre-op rhythm
Sinus 18 (49) 45 (77) 0.006
Atrial fibrillation 18 (49) 12 (22) 0.004
Complete heart block 1(2.7) 0 0.204
Paced 0 (0) 1(1.7) 0.424
Pre-op ejection fraction
Normal (>55%) 29 (78) 36 (59) 0.077
Mild (45% - 55%) 0 (0) 6 (10) 0.046
Moderate (30% - 45%) 6 (16) 16 (27) 0.215
Severe (<30%) 2 (8.1) 1(1.7) 0.308
Mitral valve pathology
Degenerative 27 (73) 49 (78) 0.238
Rheumatic 1(2.7) 4(6.7) 0.384
Functional 5(14) 5 (0) 0.430
Congenital 1(2.7) 0 (0) 0.204
Previous endocarditis 3(8.1) 1(1.7) 0.126
Peri-operative details
Additional procedures
None 35 (96) 53 (90) 0.412
PFO closure 1(2) 4(6.7) 0.384
ASD closure 0 (0) 0 (0) 1
LV mass biopsy 1(2) 0(0) 0.204
LA mass excision 0 (0) 1(1.7) 0.424
ASD closure and apical bullectomy 0 (0) 1(1.7) 0.424
Bypass time (mins) 93.6 +25.3 165 £ 144.9 <0.001
i i .
P (50 - 148) (79 - 1230)
‘ , 66.2 + 16.7 104 +22.9
Cross-clamp time (mins) <0.001
31-111 49 - 154
IABP 0 0 0.112
Re-opening for bleeding 6(12) 3(5) 0.069
Blood product requirements (units)
RBC 1.1+23 0.2+0.8 0.026
FFP 08+1.7 04+1.0 0.199
Platelets 0.3+0.7 0.0+0.2 0.015
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Continued
MAZE procedure
None 33 (89) 43 (73) 0.056
Full MAZE 1(2.7) 3 (5,1) 0.569
Left atrial ablation 2(5.4) 11 (19) 0.066
Pulmonary vein isolation 1(2.7) 2(3.4) 0.849
Atrial fibrillation
Pre-operative 18 (49) 12 (20) 0.004
Post-operative 10 (27) 13 (22) 0.575

Post-operative LV function

Hyperdynamic 0 (0) 0 (0) 0.204
Normal 29 (78) 53 (88) 0.121
Mild 6 (16) 5(8.5) 0.246
Moderate 2 (5.4) 0 (0) 0.072
Severe 0 (0) 1(1.7) 0.424

PFO, patent foramen ovale; ASD, atrial septal defect; LV, left ventricle; LA, left Atrium; IABP, intra-aortic
balloon pump; RBC, red blood cells; FFP, Fresh Frozen Plasma. Post-operative LV function criteria as per
EAE guidelines [13].

Table 2. Clinical outcomes, post-operative outcomes. Values are mean (+SD) or number
(proportion %).

Conventional surgery Minimally invasive mitral

P-val
(n=137) valve surgery (n = 58) vate
Mortality 7 (19) 1(1.7) 0.003
Six-year mortality 5(14) 1(1.7 0.004
Re-operation 4(11) 5(8.6) 0.715
Mean time to-reoperation (months) 39.5+21.2 32.1+18.3 0.073
Recurrence of moderate MR 15 (41) 10 (17) 0.011
Mean time to recurrence (months) 15.1+£15.8 20.4 +13.7 0.086
Elevated mitral mean gradient
i ; 3(8.1) 7 (12) 0.555
immediately post-op
Elevated mitral mean gradient at any
10 (27) 20 (34) 0.749

point during follow-up period

MR, mitral regurgitation.

conventional surgery and 10 (17%) of minimally invasive mitral surgery at 15.1
+ 15.8 vs. 20.4 + 13.7 months (p = 0.086). This difference was statistically sig-
nificant (log rank p = 0.011).

A mean mitral valve gradient above 5mmHg (suggesting a mild degree of mi-
tral stenosis) was found in 3 (8.1%) conventional mitral valve repairs and 7
(12%) MiMVRs on the post-operative scan (p = 0.555). During echocardio-
graphic follow-up, a further 7/34 (21%) patients in the conventional arm and
6/52 (12%) MiMVR patients developed a mean gradient in excess of 5 mmHg (p

= 0.251); as previously presented, two patients developed severe mitral stenosis
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requiring repeat surgical intervention, both in the MiMVR cohort.

Left ventricular function in the immediately post-operative period can be seen
in Table 1. During echocardiographic follow up, LV function in patients un-
dergoing conventional surgery deteriorated in 3 patients (8.1%) (normal to mild
(1 case), normal to moderate (1 case) normal to severe (1 case)) and normalised
in 7 patients (19%) (mild to normal (6 cases), moderate to normal (1 case)). In
the MiMVR surgical arm, LV function deteriorated in 12 patients (20%) (normal
to mild (10 cases), normal to moderate (1 case), normal to severe (1 case)) and
normalised in 5 patients (8.5%) (mild to normal (5 cases)).

The mean left ventricular end-diastolic diameter (LVEDd) immediately
post-operatively was 4.9 cm + 0.8 cm in the conventional surgical cohort and 5.0
cm * 0.6 cm in the MiMVR cohort (p = 0.516). Over the follow-up period, the
mean LVEDd was 4.8 cm + 0.7 cm and 4.9 cm + 0.7 cm respectively (p = 0.499),
representing a reduction of 2.0% in both cohorts.

Kaplan Meier survival curves for all-cause six-year mortality, re-operation and
recurrence of at least moderate mitral regurgitation can be seen in Figures 1-3.

No data outliers were identified and therefore additional analyses were not

required.

4. Discussion

The key findings of this observational study comparing long-term clinical and

All-cause mortality following mitral valve surgery
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1ﬁ I Minimally invasive surgery
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Figure 1. Kaplan Meier survival curve for all-cause six-year mortality following mitral valve repair.
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Re-operation following mitral valve surgery

1.0

0.8

0.6

0.4+

Freedom from re-operation

0.2

1 Conventional surgery

L ‘—I\_‘L 7 Minimally invaisve surgery

00

T T
4 6

N -~

Time after surgery (years)

0

10

Figure 2. Kaplan Meier survival curve for re-operation following mitral valve repair
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Figure 3. Kaplan Meier survival curve for recurrence of at least moderate mitral regurgitation following

mitral valve repair.
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echocardiographic outcomes following conventional and minimally-invasive
mitral valve repair are:

1) Mortality and rate of recurrent mitral regurgitation were significantly lower
in patients who underwent minimally invasive mitral valve repair.

2) There was no difference between rates of re-operation or elevated postop-
erative mean mitral valve gradients > 5mmHg.

3) There was no difference in left ventricular end diastolic diameter between
the two cohorts.

4) Despite excluding high-risk patients or those undergoing urgent/emergency
surgery, patients selected for conventional mitral valve repair remained signifi-
cantly older with a significantly higher Euroscore reflecting current practice in
our centre.

This is the first published study to present both long-term clinical and echo-
cardiographic outcomes comparing conventional and minimally-invasive mitral
valve repair in two cohorts recruited in parallel and including multiple aetiolo-
gies of mitral regurgitation, mimicking real-world experience. This was per-
formed by the same surgical teams eliminating the potential for variation in ex-
perience between centres and operators.

Several meta-analyses compare the surgical outcomes from MiMVR com-
pared to conventional mitral valve repair but do not present echocardiographic
follow-up data beyond the immediate post-operative period. Cheng et al in-
cluded 35 studies including two small randomised controlled trials (RCTs),
showing no benefit in mortality up to 9 years but significant improvement in in-
cidence of atrial fibrillation, chest tube drainage, transfusion requirements, ster-
nal infection, time to return to normal activity and patient scar satisfaction [15].
Luca et al also showed no difference in mortality despite longer cross-clamp and
cardiopulmonary bypass times; rates of sepsis, shorter hospital stays and lower
pain levels were lower following MiMVR [16]. Cao et al. note similar findings to
the above meta-analyses and comment on the lack of comparative data in the
literature [17].

Several studies present long-term echocardiographic follow-up after MiMVR
but do not provide comparison data for conventional surgical repair. McClure et
al. followed up 1000 patients who underwent minimally invasive mitral valve
operations (of which 923 patients were repairs) to a median of 7 years [18]; op-
erative mortality was 0.8% with re-operation required in 4.4% of mitral valve
repairs. Echocardiographic follow-up was obtained in 615 of 815 eligible mitral
valve repairs and demonstrated freedom from recurrent moderate mitral regur-
gitation at 1, 5 and 10 years in 99% + 1%, 87 + 2% and 69% * 4% patients. Fur-
ther, analysis of 707 patients undergoing mitral valve repair demonstrated pe-
rioperative mortality of 0.4%, late mortality in 49 (6.9%) patients and reopera-
tion in 38 (4.8%) patients [19]. Echocardiographic follow-up of 544 patients
(mean duration 4.36 years) demonstrated a significant reduction in mean gradi-

ent of mitral regurgitation and left ventricular ejection fraction.
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The level of evidence is also limited by the lack of large RCTSs in the area.
Svensson et al. used propensity matching to compare 590 well-matched patient
pairs [20]. In-hospital mortality was similar in both groups (0.17% vs. 0.85%, p =
0.2) as was incidence of stroke, renal failure, myocardial infarction and infection;
mediastinal drainage and post-operative transfusions were reduced in patients
undergoing minimally invasive surgery. However, long-term clinical and echo-
cardiographic outcomes were not reported. The largest RCT compared 140 pa-
tients with Barlow’s disease repaired using minimally invasive or conventional
surgical techniques [21] [22]. Again, there was no difference in mortality, mor-
bidity, freedom from moderate mitral regurgitation or re-operation at 3 years
and the trial is limited by the very selective diagnosis of the patients included,
the small number of patients studied and the limited detail provided on the pri-
mary outcome. Other RCTs also only studied small numbers of patients [23]
[24].

The observational nature of our study means there are limitations. Patients
were selected by the surgeon for their suitability for a minimally invasive ap-
proach, performing conventional surgery on higher-risk patients (urgent/emergency
cases, endocarditis). By excluding these high-risk groups, we aimed to minimise
this effect; however, patients undergoing conventional surgery were significantly
older with a higher logistic euroscore and higher rates of pre-operative atrial fib-
rillation which may account for the higher event rates experienced during fol-
low-up. Echocardiographic follow-up was not standardised and was determined
by local follow-up protocols; some centres performed regular surveillance whilst
others performed echocardiography dependent on clinical indications. It is pos-
sible that some patients may have developed asymptomatic mitral regurgitation
which has therefore not been detected. Finally, patients not followed up in our
region were lost to follow-up. Similarly, events that occurred outside of the re-
gion may not have been detected; however, patients would have been referred
back if re-operation was required and mortality data is collected nationally.

The International Society of Minimally Invasive Cardiac Surgery (ISMICS)
consensus document on minimally invasive mitral valve surgery [11] highlights
the lack of adequately powered randomised controlled trials comparing the effi-
cacy of the two operations. It concludes that prospective randomised controlled
trials, adequately powered to assess post-operative recovery and quality of life,
safety (especially stroke rates), efficacy (repair rates) and clinically relevant out-
comes, and freedom from re-operation.

In the UK, MiMVR via thoracoscopically-guided right minithoracotomy is
limited to a small number of specialist centres and surgeons. Some evidence
suggests that MiMVR reduces post-operative complications, hospital stay, and
overall recovery time, thus reducing overall costs to the NHS [15] [17] [25] [26]
[27] [28] [29]. However, implementing MiMVR would be costly to the NHS,
requiring funding to up-skill staff and appropriate infrastructure (equipment

etc.). It is therefore imperative that the potential benefits of the approach are
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robustly evaluated to understand whether they outweigh the costs before wide
scale adoption is implemented. The ongoing UK Mini Mitral trial funded by the
NIHR is designed to assess all of these outcomes and will provide clear and de-

finitive evidence [30].

5. Conclusion

Minimally invasive mitral valve repair is a safe and feasible alternative to con-
ventional mitral valve surgery with comparable rates of long-term mortality,
re-operation and recurrence of mitral valve regurgitation in a selected cohort of
patients. We await the outcomes of the UK Mini Mitral RCT with interest.
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