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Minimally invasive aortic valve surgery: state of the art and future 
directions
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Minimally invasive aortic valve replacement (MIAVR) is defined as an aortic valve replacement (AVR) 
procedure that involves a small chest wall incision as opposed to conventional full sternotomy (FS). The 
MIAVR approach is increasingly being used with the aim of reducing the “invasiveness” of the surgical 
procedure, while maintaining the same efficacy, quality and safety of a conventional approach. The 
most common MIAVR techniques are ministernotomy (MS) and right anterior minithoracotomy (RT) 
approaches. Compared with conventional surgery, MIAVR has been shown to reduce postoperative mortality 
and morbidity, providing faster recovery, shorter hospital stay and better cosmetics results, requires less 
rehabilitations resources and consequently cost reduction. Despite these advantages, MIAVR is limited by the 
longer cross-clamp and cardiopulmonary bypass (CPB) times, which have raised some concerns in fragile and 
high risk patients. However, with the introduction of sutureless and fast deployment valves, operative times 
have dramatically reduced by 35-40%, standardizing this procedure. According to these results, the MIAVR 
approach using sutureless valves may be the “real alternative” to the transcatheter aortic valve implantation 
(TAVI) procedures in high risk patients “operable” patients. Prospective randomized trials are required to 
confirm this hypothesis. 
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Introduction

Aortic valve disease is the most common valvular heart 
disease in developed countries and its incidence is likely 
to increase with age (1). Aortic valve replacement (AVR) 
through a full sternotomy (FS) is the conventional approach 
for the treatment of aortic valve disease and data reported 
from the Society of Thoracic Surgeon (STS) database have 
shown a dramatically in-hospital mortality reduction from 
3.4% in 1997 to 2.6% in 2006 for isolated AVR (2). Despite 
these excellent results, there has been an increasing number 
of cases performed via minimally invasive aortic valve 
replacement (MIAVR). This approach has now become 
an established alternative to FS in order to reduce the 
“invasiveness” of the surgical procedure, while maintaining 
the same efficacy, quality and safety of a conventional 
approach. 

Definition, surgical approaches and rational for 
MIAVR

The STS database defines minimally invasive cardiac 
surgery as “any procedure not performed with a FS 
and cardiopulmonary bypass (CPB) support” (3,4). The 
only procedure precisely represented by this definition 
is transcatheter aortic valve implantation (TAVI). 
Nevertheless, in 2008, a scientific statement from the 
American Heart Association defines minimally invasive 
cardiac surgery “a small chest wall incision that does not 
include the conventional FS” (5). We will use the latter 
definition, since the term “minimally invasive cardiac 
surgery” should not be related to a specific procedure, 
but rather a “concept” or a “philosophy” that requires an 
operation-specific strategy aiming to reduce the degree of 
surgical invasiveness (3). 
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The most common minimally invasive approach is the 
partial upper ministernotomy (MS), followed by the right 
anterior minithoracotomy (RT). Other less-invasive techniques 
include a right parasternal approach from the second to the 
fourth costal cartilages and transverse sternotomy (Figure 1).

MIAVR was first performed through a 10 cm right 
parasternal approach in 1996 at the Cleveland Clinic 
Foundation by Cosgrove and Sabik (6). This technique 
involved removal of the second, third and fourth costal 
cartilages, sacrificing the right mammary artery. The major 
limitation of this technique was a high incidence of lung 
herniation, which may be physiologically disturbing and 
cosmetically disfiguring, often requiring a second operation 
for repair. This approach was soon abandoned in favour of 
the MS approach (7).

Compared with conventional surgery, MIAVR has 
been shown to provide faster recovery, shorter hospital 
stay, improved cosmesis and less wound infection. In 
addition, MIAVR has shown to improve postoperative 
respiratory function due to the preservation of sternum, 
and reduction of postoperative pain, blood loss and blood 
transfusions related to the reduction of surgical dissection, 
as well as facilitating reoperation at a later date, as part of 
pericardium remains closed. Finally, MIAVR requires fewer 
rehabilitation resources and consequently associated costs 
are reduced (7-11). 

Ministernotomy (MS) and minithoracotomy (RT)

The MS approach represents the most common technique 
used for MIAVR. The MS sternotomy approach is 
achieved through 6 to 10 cm midline vertical skin incision, 
performing a partial J sternotomy at the third to fifth 
intercostal space or a V-shaped MS at the level of the 
second or third intercostal space (3,12). A number of 
retrospective studies and several reviews have shown 
that MS can be performed safely without the risk of 

death or other major complications (8-11). In a meta-
analysis of 4,586 patients, Brown et al. demonstrated that 
MIAVR by the way of MS was associated with shorter 
ventilation time, intensive care unit stay and hospital stay 
as well as less blood loss within 24 hours compared with 
conventional surgery, although patients undergoing MS 
had longer cross-clamp and CPB time (8). No difference 
was found in terms of postoperative atrial fibrillation, 
stroke and sternal complications (8). Similar results were 
reached by others (9-11). A meta-analysis of randomized 
trials showed that MS significantly reduces the length of 
stay in the cardiac ICU (11). Other short term benefits 
were deduction in blood loss and length of hospital 
stay (11). Finally, in a meta-analysis of 4,667 patients 
undergoing any MIAVR approach Murtuza et al. reported 
benefits in perioperative mortality, intensive care unit 
stay, total hospital stay and ventilation time in the MIAVR 
group compared to conventional surgery, although, once 
again, operative times were longer (9). 

Data reported from these studies have focused mainly 
on upper MS; few studies have described the potential 
advantages of MIAVR using a RT approach (9,13-15). In 
2011, we reported our first experience with MIAVR using 
the RT approach and showed excellent surgical results in 
terms of mortality, morbidities, and patient satisfaction (13). 
In contrast to MS, all patients scheduled for RT should 
undergo computed tomography scan without contrast 
enhancement to evaluate the anatomic relationship among 
the intercostal spaces, ascending aorta, and aortic valve. 
Patients are suitable for RT only if the following criteria are 
met: (I) at the level of main pulmonary artery, the ascending 
aorta is rightward (more than one half located on the right 
in respect to the right sternal border); (II) the distance from 
the ascending aorta to the sternum do not exceed 10 cm; 
(III) the α angle (angle between the angle midline and the 
inclination of ascending aorta) should be >45°. Exclusion 
criteria for the RT approach are prior cardiac surgery, 

A B C D

Figure 1 Minimally invasive approaches. (A) Ministernotomy; (B) right anterior minithoracotomy; (C) right parasternal approach; (D) 
transverse sternotomy. The minimally invasive incision is marked by the dotted line.
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history of right-sided pleuritis, and aortic root dilatation 
(Figure 2) (13). The surgical technique has been described 
elsewhere (13). Briefly, MIAVR by way of RT is performed 
through a 5 to 7 cm skin incision placed at the level of 
the second intercostal space without rib resection. After 
sacrificing the right internal thoracic artery, a soft tissue 
retractor is inserted into the thoracotomy and direct aortic 
cannulation is performed using flexible cannulas. Afterward, 
a percutaneous cannula is inserted through the femoral vein 
into the right atrium to achieve the venous drainage under 
transesophageal echocardiographic guidance and Seldinger’s 
technique. After establishing vacuum-assisted CPB, a 
left ventricular vent is placed through the right superior 
pulmonary vein. Then, the ascending aorta is then clamped 
and antegrade cardioplegic solution is given into the aortic 
root or selectively into the coronary ostia. 

From January 2005 and June 2010, 192 consecutive 
patients underwent isolated MIAVR through the RT 
approach (13). Overall mortality was 1.6% and the rate of 
intraoperative conversion was 1.6%. Interestingly, although 
the cross-clamp and CPB time were longer than that of the 
standard approach, the incidence of postoperative atrial 
fibrillation and blood transfusion were 18% and 16%, 
respectively. The median of the length of stay was five days 
and discharge home was 90%. Finally, 96% of patients 
believed had an aesthetically pleasing scar and 95% were 
back to their normal activities within four weeks. The 
potential advantages of RT approach were demonstrated 
after comparing patients undergoing conventional 
surgery (16). Specifically, 138 patients undergoing RT were 
matched to a FS group using propensity score analysis. The 
overall in-hospital mortality was 0.7%, with no difference 

between the two groups. MIAVR via RT was associated 
with a lower incidence of postoperative atrial fibrillation 
(18.1% vs. 29.7%) and blood transfusions (18.8% vs. 34.1%) 
compared to FS. In addition, patients in the RT group had 
a shorter mechanical ventilation time (6 vs. 8 hours) and 
postoperative length of stay (5 vs. 6 days). No difference 
was found in terms of late mortality at median follow-up of 
30 months (range, 17-54 months). Finally, among patients 
undergoing MIAVR, we found that patients receiving a RT 
approach had better outcomes than those receiving MS in 
terms of lower postoperative atrial fibrillation (19.5 % vs. 
34.2%), shorter ventilation time (median 7 vs. 8 hours) and 
hospital stay (median 5 vs. 6 days) (17). Interestingly in all 
our studies, a low rate of atrial fibrillation was found to be 
associated with the RT approach. This might be related to 
the preservation and reduced trauma of the sternum, which 
translates into reduced postoperative pain and improved 
respiratory function. The smaller pericardial incision and 
the absence of manipulation of the right atrium for the 
venous drainage may also be responsible for reducing 
the inflammatory response, thus triggering less atrial 
fibrillation. Therefore, shorter ventilation time, reduced 
blood loss, as well as the low rate of atrial fibrillation and 
blood transfusions, translate in a shorter hospital stay, faster 
recovery and fewer rehabilitation resources (17). 

Criticisms

Although MIAVR has showed excellent results, there are 
still criticisms regarding this approach. First, the advantages 
of the MIAVR appears to be more related to improved 
cosmetic results rather than better clinical outcomes, as 

Figure 2 Right thoracotomy criteria. (A) At the level of main pulmonary artery, the ascending aorta is rightward (more than one half located 
on the right in respect to the right sternal border); (B) the distance from the ascending aorta to the sternum does not exceed 10 cm; the α 
angle (angle between the midline and the inclination of ascending aorta) should be >45°.
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the majority of published studied are retrospective and 
randomized trials have not showed any potential advantages 
(8-11). However, these randomized trials are statistically 
underpowered and not based on contemporary patient 
cohorts. Future prospective randomized studies are very 
difficult to design and conduct, given that MIAVR has 
been shown to have equivalent results to the standard 
FS approach, but with the reduced surgical invasiveness 
which patients prefer. The second criticism relates to 
the morbidity associated with peripheral cannulation, 
which may cause wound infection, pseudoaneurysms and 
neurological events. In order to avoid these complications, 
our preference is to cannulate the ascending aorta, which 
allows a more direct and physiological flow. We have 
recently demonstrated that the retrograde perfusion is an 
independent risk factor for neurological complications such 
as stroke and postoperative delirium (18). Third criticism 
regards the costs related to the minimally invasive surgical 
instrumentations. Although all the instruments and devices 
used for MIAVR are more expensive, we strongly believe the 
less rate of postoperative complications, the shorter hospital 
stay and the faster recovery translate in less resources in the 
healthy system and therefore lower costs. However, this 
hypothesis should be evaluated with a well-designed study. 
Fourth, minimally invasive surgery is not “surgeon friendly’ 
as it is more complex and technically challenging. It entails a 
distinct learning curve because of the deeper operative field, 
limited working space for the exposure and implantation 
of the prosthetic valve, as well as the use of new equipment 
and methods (19). With regards to this problem, we have 
evaluated a single surgeon’s learning curve (M.G.) with RT 
using the cumulative sum (CUSUM) analysis (20). Surgical 
failure was defined as the occurrence of one or more of 
the following events: perioperative death, intraoperative 
conversion to FS, perioperative myocardial infarction, 

arrhythmias, postoperative complete atrioventricular block, 
acute renal failure, neurological events, reoperation for 
bleeding, prolonged ventilation time and surgical wound 
infection. From the first 100 patients undergoing RT, we 
found a low risk of cumulative failures in absence of learning 
curve effect. Therefore, patients undergoing MIAVR 
through RT are not exposed to an increased operative risk 
during the surgeon’s initial experience. However, we strictly 
recommend following our CT scan rules and beginning 
with select low risk patients. Once the surgeon feels 
confident with this new technique, he should consider sicker 
patients who will have the greater benefits. Finally, MIAVR 
is associated with longer CPB and cross-clamp time, and 
this has raised some concerns regarding its safety in elderly 
and high risk patients, because they are well known risk 
factors for adverse outcomes after cardiac surgery (21,22). 
Despite these excellent results, we confirm that patients 
undergoing MIAVR via RT had longer operative times than 
those who received a FS (13,16,17). This is a limitation of 
our approach, suggesting that exposure and implantation 
of the prosthetic valves are more challenging than the 
conventional approach. However, the use of the sutureless 
devices has reduced the operative times, further facilitating 
and standardizing the MIAVR approach. 

Sutureless MIAVR

In the recent years, three different sutureless or rapid 
deployment aortic valves have been introduced in Europe 
for use in both conventional AVR and MIAVR operations—
the Enable™ Valve System (Medtronic, Minneapolis, MN, 
USA), the Perceval S™ Valve System (Sorin Biomedica 
Cardio Srl, Sallugia, Italy), and the Edwards Intuity™ 
Valve System (Edwards Lifesciences, Irvine, CA, USA, 
Figure 3). Favorable clinical outcomes with the use of 

Figure 3 Sutureless and fast deployment valves. (A) EnableTM; (B) Perceval STM; (C) IntuityTM.
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these valves have been reported in several studies (23-25). 
However, few studies report clinical outcome of patients 
who underwent MIAVR approach using sutureless valves. 
Up to date, we described the largest case series of patients 
who underwent MIAVR through RT and MS, reporting 
excellent hemodynamic results, postoperative outcomes, 
and short postoperative operative times (26). Specifically, 
our operative mortality was 0.7% and compared with 
our previous studies of MIAVR with stented valves, we 
found a 38% and 40% reduction in the cross-clamp and 
CPB time in the RT group and 43% and 35% in the MS 
group, suggesting that sutureless valves can facilitate and 
standardize the surgical procedure. In addition, we found 
a very low incidence of paravalvular leakage (1.8%), a 
frequent complication of TAVI procedure. It has been 
shown that significant paravalvular leakage is associated 
with higher risk of late mortality (27,28). To avoid 
paravalvular leakage using sutureless valves, we strongly 
recommend removing all the eccentric calcifications and 
creating a complete decalcification of the aortic annulus. In 
our experience this has reduced dramatically the number 
of paravalvular leakage in our first series (26). In a recent 
study of patients undergoing MS approach and sutureless 
devices, Santarpino et al. showed better outcomes in the 
sutureless group, suggesting that the combination of a 
MIAVR associated with a sutureless valve may be the 
first-line treatment for high risk patients considered in 

the gray zone between TAVI and conventional surgery 
(29,30). TAVI has shown excellent results when compared 
to standard therapy (31). However, controversies exist 
when compared to a surgical population (27,32,33). 
Several studies concluded that TAVI is likely ineffective 
in reducing early and midterm all-cause mortality versus 
surgical AVR (16,32). In addition, transcatheter procedures 
are associated with greater incidence of neurological 
events and paravalvular leakages, which are well known 
risk factors for worse survival (33). Furthermore, cost-
effectiveness analysis studies of TAVI conclude that it is 
inappropriate to consider reimbursement of TAVI for 
high-risk operable patients due to the similar mortality 
rate at one year and the higher proportion of postoperative 
complications (34,35). However, these studies focused on 
a group of patients undergoing conventional surgery with 
stented-sutured valves. Therefore, in the light of the good 
hemodynamic performances of sutureless, the low rate of 
postoperative complications and paravalvular leakages, 
we believe that the association of MIAVR and sutureless 
valves may be a valid alternative to the new growing TAVI 
technology in high-risk “operable patients”. These data 
require further confirmation by well-designed prospective 
randomized trials. 

Conclusions

MIAVR performed through RT or MS is a safe procedure 
associated with excellent postoperative outcomes, in terms 
of mortality, morbidity, shorter hospital stay and faster 
recovery. Although, cross-clamp time and CPB times are 
longer than conventional surgery, the use of sutureless or 
fast deployment valves may increase the usage of MIAVR 
approach among surgeons, as they make these accesses 
technically easier and more reproducible. This combination 
may further improve postoperative outcomes (Figure 4). 
With the introduction of sutureless valves, the operative 
mortality of MIAVR patients has decreased from 1.6% to 
0.7% in a seven year period (13,26). In the light of these 
results, we believe that MIAVR with a sutureless prosthesis 
might be considered an “alternative” to TAVI procedure for 
high-risk “operable patients”. However, a randomized trial 
is required to confirm our hypothesis.
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Figure 4 The combination of minimally invasive aortic valve 
replacement using sutureless/fast deployment valves has improved 
postoperative mortality. Black line: in-hospital mortality reduction 
from 3.4% in 1997 to 2.6% in 2006 for isolated AVR according 
to STS data (2). Red line: the introduction of sutureless valves 
associated with MIAVR has decreased the inhospital mortality 
from 1.6% in 2005 to 0.7% in 2013 (13,26). AVR, aortic valve 
replacement; MIAVR, minimally invasive aortic valve replacement; 
STS, Society of Thoracic Surgeon.
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