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Abstract: There is considerable interest and demand in the application of minimally invasive techniques in
cardiac surgery driven by multiple factors including patient cosmesis and satisfaction, reduction of surgical
trauma and the development of specialized instrumentation that allows these procedures to be performed
safely. Minimally invasive mitral valve surgery (MIMVS) has been conducted for more than 25 years and has
been shown to offer multiple benefits including better cosmetic results, enhanced post-operative recovery,
improved patient satisfaction and most importantly, equivalent clinical outcomes with regards to quality
and safety when compared to the standard sternotomy approach. MIMVS may be particularly beneficial in
certain subgroups of patients, for example patients undergoing redo mitral valve surgery. In this article, we
discuss patient selection criteria for MIMVS, the merits and drawbacks of MIMVS relative to conventional
sternotomy approaches, and detail procedural aspects including anaesthetic management, intraoperative
technique, and important considerations in myocardial protection and cardiopulmonary bypass (CPB).
When considering developing a MIMVS programme, as for any new technique, a team approach to
the introduction of the programme is essential. Although it is clear that patient selection is important,
particularly early in a surgical programme, with experience complex repairs can be performed through a
minimally invasive approach with excellent outcomes.
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Introduction
There has been an increasing interest in minimally invasive
approaches to cardiac surgical procedures over the last
2 decades. This has been driven by multiple factors such
as patient cosmesis and satisfaction, reduction of surgical
trauma and the development of specialized instrumentation
that allows these procedures to be performed safely. Unlike
other surgical specialties, there are specific challenges
and considerations when performing minimally invasive
cardiac surgical procedures, especially with regards to
cardiopulmonary bypass (CPB) and myocardial protection.
These challenges have been tackled for a variety of cardiac
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lesions, and much success has been achieved for mitral valve
pathologies. From the early days of HeartPort technology (1),
minimally invasive mitral valve surgery (MIMVS) through
a right mini thoracotomy has become well-established and
widely practiced around the globe. The history of MIMVS
extends from the 1990s when minimally invasive approaches
such as the parasternal incision, hemisternal incision and
the mini-thoracotomy were first explored by independent
groups led by Delos Cosgrove and Lawrence Cohn (2-4).
Subsequent developments include the first video-directed
repair (5) and replacements (6,7) performed through a
mini-thoracotomy, and the first use of aortic endoballoon
clamping. More recent developments include the advent
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of stereoscopic three-dimensional video-endoscopy and
robotic surgery. As with most innovative procedures,
expert proponents report equivalent results with faster
patient recovery, reduced morbidity and improved patient
satisfaction. However, the procedure does add some
technical challenges, and the majority of mitral valve
procedures continue to be performed through a full median
sternotomy.
In addition to the mini-thoracotomy, alternative
minimally invasive approaches to the mitral valve have
been reported. A parasternal approach has been described
– through a 10cm right parasternal incision with excision
of the third and fourth costal cartilages (8,9). Although
providing good access, patients occasionally suffered
with chest wall instability (8,10). Furthermore, the right
internal mammary artery was sacrificed (8,10). Others have
reported mitral valve surgery through a mini sternotomy
with the advantage of easy conversion to full sternotomy if
required (8,9). Here, we will focus on the mini-thoracotomy
approach to MIMVS, which we feel offers multiple
advantages over all other minimally invasive techniques.
We present the following article in accordance with the
NARRATIVE REVIEW reporting checklist (available at
http://dx.doi.org/10.21037/jtd-20-2114).
Patient selection
Patient selection is critical in mini-thoracotomy MV
surgery. This is especially true in the early stages of program
and skill development. Naturally, a surgeon would start
with patients with minimal comorbidities and anatomically
repairable MV disease (9). Different technical skills must
be acquired for minimally invasive surgery compared to
a standard approach. These skills are associated with a
distinct learning curve—some have suggested an estimated
75–125 procedures to attain proficiency (11,12). Patients
requiring more complex repairs can be considered suitable
in more experienced hands (12,13). However, by taking a
standardized approach, these skills can easily be acquired
and developed.
It is also important to consider factors that make MIMVS
more challenging, or potentially increase the risk, and
consider these as relative or absolute contraindications
(Table 1). Patients with significant comorbidities or impaired
cardiac function should be carefully considered—particularly
early in a program when it is likely that the procedure will
take longer than a standard sternotomy. The patient’s size
and shape are important considerations. Patients with high
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BMI can pose a challenge in achieving effective peripheral
CPB and chest wall deformities can present a significant
challenge to achieve the necessary access and exposure (9).
Patients who have had previous right sided thoracic surgery
or radiotherapy, who may have significant adhesions, should
be avoided (9). In view of the cannulation requirements for
CPB, it is necessary to assess for the presence of peripheral
vascular disease and size of the peripheral vasculature. For
this reason, pre-operative evaluation with a contrast CT
is often desirable in order to assess aortic atherosclerosis,
aneurysms or dissection, and also to provide information
with regards to thoracic anatomy (e.g., diaphragm elevation,
optimal intercostal access).
Additionally, MIMVS may be a beneficial approach in
certain subgroups of patients. MIMVS may have a role in
redo mitral valve surgery, with studies reporting ranges
of 1–35.6% of MIMVS being redo procedures (14). This
is especially useful when reopening of the sternum is to
be avoided, which avoids the risk of damaging cardiac
structures, adhesions from prior surgeries and coronary
grafts (14). Another attractive niche of patients is those who
would be considered “high risk” for conventional surgery.
There appears to be acceptable outcomes in these cases
(in terms of postoperative recovery and mortality) which
includes populations of patients with infective endocarditis,
previous cardiac surgery and age >75 (15).
Anaesthetic management in minimally invasive
MV surgery
Minimally invasive techniques require additional
considerations in terms of anaesthesia, ventilation and
monitoring. With a right mini-thoracotomy approach, it
is necessary to collapse the right lung in order to access
the MV. Various options exist, but a double lumen tube
is typically preferred for single-lung ventilation (8,9).
Alternatively, an endobronchial blocker could be used to
isolate the right lung (9). Recently, some surgeons report
MIMVS surgery using a single lumen endotracheal tube
(16,17), by placing the patient on bypass earlier, allowing
both lungs to be collapsed. Normally, only one arterial line
is required, typically in the left arm since the right arm will
be tucked. For cases performed with an aortic endoballoon,
bilateral radial artery pressure monitoring may be required
in order to detect displacement (8). The patient is typically
positioned supine, tilted slightly away from the surgeon
by elevating the right side, and will have defibrillator pads
placed (8,9,18).
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Table 1 Relative contraindications to MIMVS
Patient characteristic
Cardiac function

• Poor LVEF (<30%)
• Severe RV dysfunction

Comorbidities

• Hepatic dysfunction (cirrhosis)
• Renal dysfunction (CKD or AKI)
• Significant cerebrovascular disease

Patient body habitus

• Breast implants
• Chest wall deformities
• High BMI >40

Procedural considerations

• Prior right thoracotomy
• Simultaneous CABG surgery

Pulmonary system

• Pulmonary hypertension (PA pressure >45 mmHg)
• Pulmonary adhesions

Valvular disease

• Aortic regurgitation (moderate or worse)
• Mitral annular calcification
• Endocarditis

Vascular system

• Ascending aorta calcification
• Dilated ascending aorta
• Aortic aneurysm or dissection
• Grade 4 thoracic aortic disease
• Severe peripheral vascular disease
• Inferior vena cava filter

Informed by (9,12). MIMVS, minimally invasive mitral valve surgery; AKI, acute kidney injury; BMI, body mass index; CABG, coronary artery
bypass graft; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; PA, pulmonary artery; RV, right ventricular.

Transoesophageal echocardiography (TOE) is required
in nearly all patients, as in conventional surgery, to verify
cardiac and valvular function prior to surgery, but also offers
additional assessment and guidance specific to MIMVS
access and cannulation techniques (Table 2) (9,19-21).
Mini-thoracotomy surgical technique
The right mini-thoracotomy is the most commonly
used approach for MIMVS (8). The 4th intercostal space
is entered and a soft tissue retractor with or without a
rib spreader are used (8,9,18) (Figures 1,2). A range of
additional incisions/ports are introduced depending on
surgeons’ preference and approach for CPB and myocardial
protection.
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Pleural adhesions, which may have arisen due to
numerous pathologies or prior surgery, may pose difficulties
with the right mini thoracotomy approach, but if the
adhesions are not extensive, it may be possible to lyse
these relatively easily. Through the mini thoracotomy,
the pericardium is incised well clear of the phrenic
nerve, extending superiorly to expose the ascending
aorta and inferiorly to the diaphragm. In case of a high
hemidiaphragm, a retraction suture may be placed in the
central tendon and retracted inferiorly through one of the
ports. Visualisation may be enhanced using a thoracoscope,
although many surgeons elect to do this procedure under
direct vision (8,18). Once feasibility of the operation is
confirmed, the patient is placed on CPB.
It is worth noting that as surgeons become increasingly
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Table 2 Utility of trans-oesophageal echocardiography in MIMVS
Purpose of TOE
Assessment

• Evaluate biventricular function
• Full assessment of the mitral valve pathology
• Identifying any other valvular pathology

Guidance

• Placement of retrograde cardioplegia cannulae into coronary sinus directly, or indirectly through IJV
• Positioning femoral venous catheters
• Positioning PA drainage cannulae
• Placement of an IABP
• Position an aortic endoballoon for internal cross-clamping

Informed by (9,19-21). MIMVS, minimally invasive mitral valve surgery; TOE, transoesophageal echocardiography; IJV, internal jugular vein;
PA, pulmonary artery; IABP, intra-aortic balloon pump.
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Figure 1 Demonstration of the anatomical landmarks and position
of incisions and ports for minimally invasive mitral valve surgery.

experienced at performing this procedure, the advancing of
techniques involve less or no rib spreading and increased
reliance on video assistance as opposed to direct vision.
Additionally, stereoscopic endoscopy allowing for threedimensional vision is an emerging technology which
gives surgeons superior depth perception during surgery
(22-25). This is being increasingly adopted across many
centres worldwide although it sees much more use in
robotic surgery. Robotic MIMVS is beyond the scope of the
current article and is discussed in another chapter of this
article series.
Establishment of CPB
Before beginning operative work on the mitral valve itself,
there are several approaches one may adopt in terms of CPB,
aortic cross clamping and myocardial protection (Table 3).
Cannulation for CPB in the right thoracotomy approach is
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Figure 2 Demonstration of the set-up for minimally invasive
mitral valve surgery, with utility port.

complicated by the confined operating space. Different sites of
arterial and venous cannulation may be used, with peripheral
cannulation being the most common. Arterial access is usually
achieved with femoral artery cannulation (9,18). Alternatively,
the axillary artery may also be used for cannulation. Venous
drainage is typically achieved with a femoral multistage cannula
advanced into the SVC under TEE guidance. For some
patients, such as those with a high BMI, an additional internal
jugular venous cannula may be required to ensure adequate
venous drainage (9). One concern with femoral arterial
cannulation is the risk of retrograde aortic embolization leading
to cerebrovascular accident. This highlights the importance of
preoperative vascular assessment. As such, a recently published
meta-analysis reports low incidence of neurological events in
peripherally cannulated patients undergoing MIMVS (13).
Less commonly, some surgeons opt for central cannulation. An
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Table 3 Techniques for bypass, aortic cross clamping and myocardial protection during MIMVS
Techniques

Benefits/use cases

Disadvantages/risks

Cardiopulmonary bypass
Arterial cannulation

Femoral arterial cannulation

• Femoral artery (most common)

• Retrograde embolisation into cerebral
circulation

• Axillary artery
Venous drainage
• Femoral multistage cannula in SVC

Additional IJV cannula
• Additional drainage for patients with large
body habitus

• Additional IJV cannula
Aortic cross clamping
• Chitwood clamp

Chitwood clamp
• Requires additional incision

• Balloon endoclamp

Endoclamp

Endoclamp

• Deliver cardioplegia through clamp

• Potential for movement within aorta

• Vent aortic root through clamp

• Requires monitoring of bilateral axillary artery
pressures to monitor movement

• Monitor aortic root pressure through
clamp
• Cygnet device (Novare Surgical
Systems, USA)

Cygnet device
• Does not require additional incision

Myocardial protection
Cardioplegia delivery
• Both anterograde and retrograde
delivery may be used
Cardioplegia solutions
• Standard blood cardioplegia

Long acting cardioplegia

Standard blood cardioplegia

• Increased myocardial protection to offset
myocardial warming from absence of
topical cooling

• Increased risk to myocardium due to difficulty
in topical myocardial cooling through mini
thoracotomy

• Long acting cardioplegia (e.g.,
Del Nido cardioplegia/Custodiol®
cardioplegia)
MIMVS, minimally invasive mitral valve surgery; IJV, internal jugular vein.

aortic cannula can be placed directly into the ascending aorta
through a small incision over the 2nd intercostal space and a
two-stage venous cannula may be placed directly into the right
atrium through an incision in the 4th intercostal space (9,26).
Aortic cross clamping
There are several approaches to aortic cross clamping that
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may be used. External cross clamping may be achieved
by passing a Chitwood clamp directly through either the
second or third intercostal space (6,9,26). Alternatively,
internal occlusion of the ascending aorta with an internal
endoclamp has been successful, under fluoroscopic or TOE
guidance, through either the femoral or axillary artery
(9,27,28). The endoclamp offers functions in addition to
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clamping which are not offered by the external clamp. These
include the ability to deliver cardioplegia, vent the aortic
root, and monitor aortic root pressure through the tip of
the endoballoon (29). Disadvantages include movement of
the endoballoon within the aortic lumen which may not be
visible during the procedure, necessitating the use of bilateral
axillary pressure monitoring to detect displacement (8).
An alternative to both the aortic endoclamp and the external
Chitwood clamp is the external Cygnet device (Novare
Surgical Systems, USA) which does not require an additional
port and can be used through the main operating port (29).
In terms of outcomes, a meta-analysis from 2018 (29)
demonstrated that use of aortic endoclamping during
minimally invasive surgery carried higher pooled risk of
both aortic dissection (OR =3.88, 95% CI: 1.06–14.18;
P=0.04) and conversion to sternotomy (OR = 3.07, 5% CI:
1.33–7.10; P=0.009). However, the authors of that study
clarify that when each study was analysed individually
there was no increase in risk for both outcomes between
endoclamping and external clamping patient groups. Thus,
considering that the primary literature consists of nonrandomised cohorts, the authors suggest that with enough
experience in using both techniques, other centres will be
able to produce similar results between each technique (29).
Some surgeons report performing MIMVS surgery
without cross clamping on the beating vented heart, or with
inducing ventricular fibrillation; however, this approach
increases the risk of air embolism and is generally reserved
for more challenging or redo cases (9). The risk can be
reduced by flooding the operative field with carbon dioxide,
having the patient in the Trendelenberg position, and
keeping the left ventricle empty and arterial pressure high
on CPB (9).
Myocardial protection
In minimally invasive surgery, both anterograde and
retrograde cardioplegia may be used (9). For anterograde
cardioplegia, if using an external clamp, the aortic root
may be cannulated directly. Cardioplegia solution can
alternatively be delivered through the endoclamp if this is
being used.
Retrograde cardioplegia is also used by some surgeons. It
can be delivered through either a directly placed coronary
sinus cannula, or alternatively through a percutaneous
coronary sinus catheter placed by an anaesthetist through
the internal jugular vein (9,27,28).
The right mini-thoracotomy approach also makes topical
cooling of the heart difficult to achieve. Therefore, systemic
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cooling may be used as an alternative (9). Longer acting
cardioplegic solutions such as Del Nido or Custodiol®
cardioplegia (30,31) may also be employed. Indeed, singledose administration of Del Nido cardioplegia has been
shown to provide equivalent myocardial protection as
standard blood cardioplegia in minimally invasive aortic
valve surgery (32), and in some cases may even be superior
in terms of reducing myocardial injury (33). However, any
beneficial effect may be offset by increased rewarming of
the myocardium due to longer periods between cardioplegia
solution delivery, and caution must be exercised when
considering single-dose cardioplegia in high risk procedures
or procedures with prolonged cross clamp times (9,34).
Surgical procedure
Once CPB has been established, aorta cross-clamped and
cardioplegia delivered, attention can be directed to accessing
the mitral valve. This is achieved through dissecting
Sondergaard’s groove and performing a left atriotomy. An
atrial retractor is used to display the mitral valve. This is
usually placed through a small incision usually in the 3 rd
or 4 th intercostal space just lateral to the right internal
mammary vessels. As visualisation is optimized, the mitral
valve can be assessed as normal, and repair or replacement
performed. A variety of instruments have been developed to
facilitate MIMVS, some adapted from VATS surgery. For
example, the CorKnot® device (LSI Solutions, USA) which
significantly reduces the time taken for knot tying with knot
pushers, through the mini-thoracotomy incision.
Unsurprisingly, adopting this approach involves reduced
dexterity due to the confined spaces necessitating the use
of long shafted instruments (3,18). Additionally, the subvalvular apparatus can be harder to visualise adequately in
this approach, however, with increasing experience with use
of the videoscope, excellent video-guided techniques can be
carried out on the sub-valvular apparatus. Relating to body
habitus, space or vision may be inadequate in either obese
patients or patients with a smaller thorax (18,35).
In general, mitral valve procedure can be mostly
performed using minimally invasive approaches and these
include both resection and non-resection techniques. Use
of GoreTex neochords both as simple chords or loops, has
become increasingly popular in minimally invasive surgery
to avoid resection and maintain a sound physiological repair
of the mitral valve (Figure 3).
Pacing wires
This is usually performed on the arrested heart to facilitate
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in some cases where feasible. Smaller sized drains can
be used to further reduce compression of the intercostal
nerves. Intercostal and extrapleural nerve blocks can also be
utilised intraoperatively, and postoperatively if significant
pain is experienced. Cryoablation (CryoICE, Atricure) has
also been utilised in an attempt to minimise the pain in the
perioperative period and enhance a rapid recovery (38,39).
Introducing MIMVS as a new technique
Figure 3 View of the mitral valve during minimally invasive mitral
valve surgery following repair.

placement. We prefer to use bipolar right ventricular pacing
wires applied to the anterior or inferior surfaces of the RV.
Atrial wires can also be placed if necessary. The wires are
brought up through the retractor pole puncture site in the
3rd or 4th intercostal space.
Alternatively, other approaches to insert pacing wires
have been adopted by some that include transvenous pacing.
Postoperative complications
Patients will experience the range of complications
typically observed following cardiac surgery. However, the
mini-thoracotomy incision and approach presents some
additional complications:
Lung injury
Lung injury may occur especially in the presence of pleural
adhesions. This injury may arise due to mechanical trauma,
and thermal or electrical damage due to use of diathermy.
Any substantial injury should be exceptional.
There have been reports of cases of unilateral pulmonary
oedema. Systemic hypothermia and maintenance of
adequate arterial pressures have been suggested as mitigation
strategies in dealing with this issue (9,36). This is usually a
major complication that may necessitate the temporary use
of extracorporeal membrane oxygenation for support and is
associated with significant mortality and morbidity (37).
Postoperative pain
Thoracotomy incisions may be associated with greater pain
than a sternotomy. Pain control strategies intraoperatively
include minimising chest wall trauma by limiting the size of
incisions and degree of retraction, or avoiding rib spreading
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When considering developing a MIMVS programme, as
for any new technique, a team approach to the introduction
of the programme is essential. It is important to engage
all members of the multidisciplinary team—including
anaesthetists and surgical nurses. It is valuable to visit as a
team an expert centre, in order to gain familiarity with the
technique. It is important to identify a proctor to facilitate
introduction of the programme in the new centre. Clinical
governance should be included as an essential component of
the programme’s introduction.
Comparison of the mini right thoracotomy
approach vs. sternotomy
With the right mini thoracotomy approach, there is
an obvious improvement in cosmesis, compared with
midline incisions (8,10,23) (Figure 4). In addition to the
improvements in cosmesis over conventional surgery,
MIMVS patients also report increased satisfaction in
terms of feeling ready to return to work, normal activity
and improvements in subjective feeling (4). In terms of
outcomes, a recently published meta-analysis by Moscarelli
et al. included 18 studies with a cumulative 1,905 patients
examining several outcome measures that include:
recurrence of moderate-severe MR, need for reoperation
after either MIMVS or sternotomy. The study reported
no significant differences between minimally invasive and
sternotomy approaches in terms of recurrent MR or redo
operation rates (1.7% vs. 1.3%, respectively, P=0.22),
failed repair rates (1.6% vs. 3%, respectively, P=0.66) or in
hospital mortality (1% vs. 1.3%, respectively, P=0.6) (13).
Some of the important outcomes are summarised in Table 4.
The only predictive risk factor for reaching the primary
outcome of recurrence of MR, was increased age (P=0.02) (13).
As expected, the MIMVS group was exposed to longer
cross-clamp and CPB times compared to the sternotomy
group (85.6 vs. 63.4 minutes cross clamp time, 129.2 vs.
97 minutes CPB time; P=0.01 for both) (13). Interestingly,
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this analysis demonstrated no difference between low and high
volume centres (defined as below or above 50 cases, respectively)
in terms of reaching the primary outcome (13). Limitations of
the Moscarelli et al. meta-analysis include the heterogeneity in
surgical techniques between centres, along with the proportion
of underlying pathophysiology of MV disease included in each
study (13). Types of operations included ranged from resection/
chordal implantation, complete or open ring, or edge-to-edge

Figure 4 Example of the cosmetic result following minimally
invasive mitral valve surgery.

1967

repair, among others (13).
A recent retrospective study investigated clinical
outcomes in MIMVS vs. open sternotomy approaches, and
reported 127 vs. 377 patients, respectively (40). Results
were concordant with the meta-analysis above, with similar
outcomes between MIMVS and sternotomy groups in rates
of in-hospital mortality (0.8% vs. 0%, respectively), surgical
re-opening for bleeding (0.8% in both groups, P=1.0),
failed repair (12% vs. 13%, P=0.829) and stroke occurrence
(0.8% vs. 0.5%, respectively, P=1.0). Moreover, as reported
in previous studies, CPB and cross clamp-times were
significantly increased in the MIMVS group (CPB time
87 minutes vs. 76 minutes; cross-clamp time 52 minutes vs.
45 minutes; P<0.001 for both) (13,40). Despite the longer
CPB times however, systemic inflammatory and cardiac
injury markers were not elevated in the MIMVS group (40).
A case series from 2007 reported an average crossclamp time of three hours in minimally invasive repair of
complex MV disease, the length of procedure highlighting
the undoubtably complex nature of these operations (41).
Therefore, some surgeons still prefer conventional
sternotomy approaches especially in complex mitral
disease due to the intrinsic difficulty of MV repair and
long operation times associated with minimally invasive
approaches (13,41). Nevertheless, skilled operators with a
lot of experience are indeed choosing minimally invasive

Table 4 Summary of important outcomes from the meta-analysis by Moscarelli et al. (13)
Outcome

MIMVS

Sternotomy

P value

In hospital mortality

1%

1.3%

0.60

Surgical reopening for bleeding rates

4%

2.3%

0.09

1.1%

2.1%

0.50

7.5

7.0

0.71

Long term mortality

0.7%

1%

0.46

Long term stroke rates

0.2%

0.7%

0.20

Mean CPB time (minutes)

129.2

97

0.01

Mean cross clamp time (minutes)

85.6

63.4

0.01

1.6%

3%

0.66

Early outcomes

Postoperative stroke rates
Length of stay (days)
Long term outcomes

Intraoperative differences

Procedure success
Failed repair rates
MIMVS, minimally invasive mitral valve surgery; CPB, cardiopulmonary bypass.
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approaches to address complex disease, as evidenced by
17 published studies which involve MIMVS being
conducted on Barlow disease and 5 on bileaflet disease
(13,42). Furthermore there also reports of its use in the
management of infective endocarditis (43).
Finally, the cost of the procedure must be considered,
especially in the context of MIMVS requiring longer operative
times and more specialised operative instruments (14).
Despite these factors, numerous studies suggest that
MIMVS may be cheaper than conventional sternotomy
operations (4,7,24,44-49). Cost savings appear to be
driven by a combination of shorter hospital stays, reduced
incidence of complications such as sepsis and reduced
requirement of postoperative blood transfusion (50).
Conclusions
MIMVS is becoming increasingly widespread in cardiac
surgical units globally. This is most commonly performed
through a right anterolateral thoracotomy. Numerous
studies have now shown favourable early and late clinical
outcomes, in terms of in-hospital mortality, recurrence of
mitral regurgitation or need for re-intervention. There is
certainly a learning curve associated with this procedure (11)
and there are challenges posed by the limited operative field
including considerations relating to CPB and myocardial
preservation. Despite some technical drawbacks such as
prolonged CPB and cross clamp times, MIMVS remains
equivalent to the standard sternotomy approach in terms of
outcomes. Furthermore, MIMVS is associated with decreased
postoperative hospital stays, reduced requirements of blood
transfusion, cost savings and importantly, patient satisfaction.
Therefore, although it is clear that patient selection is
important, particularly early in a surgical programme, with
experience complex repairs can be performed through a
minimally invasive approach with excellent outcomes.
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