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Abstract

Objectives: Minimally invasive aortic valve replacement (mini‐AVR) might improve

clinical outcomes, particularly in high‐risk and elderly patients. Sutureless/rapid

deployment bioprosthesis can offer advantage of decreasing the cross‐clamp time

(XCT) and easing the procedure. Our aim was to evaluate the safety and perio-

perative outcomes of mini‐AVR using sutureless bioprothesis via the right mini-

thoracotomy approach with our modified technique of central cannulation.

Methods: We performed a single‐center retrospective analysis of 203 patients

consecutively undergoing isolated AVR between March 2016 and June 2018 with

the right minithoracotomy approach and our modified technique of central cannu-

lation. Aortic valve diseases were stenosis (89.9%), regurgitation (1.6%), and mixed

valve disease (8.5%). Patients with concomitant procedures were excluded. Primary

endpoints were 30‐day and 4‐month mortality.

Results: Mean age was 76 ± 6.2 years, 63 (31%) patients were 80 years or older.

Cardiopulmonary bypass and XCT were 60.5 (39–153) and 35 (24–76) min, re-

spectively. Thirty‐day and 4‐month mortality were 1% (two patients). We have

observed minor paravalvular leak (PVL) which occurred in seven patients (3.4%),

and no moderate/severe PVL was found perioperatively. One patient developed

moderate/severe PVL during the 4‐month follow‐up. There was no structural valve

degeneration. Two (1%) patients needed conversion to full sternotomy, and two

(1%) patients to ministernotomy.

Conclusions: Mini‐AVR via the right minithoracotomy approach with central can-

nulation is an effective and safe procedure and demonstrates excellent early clinical

outcomes. This approach can be particularly valuable in higher risk and elderly

patients.
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1 | INTRODUCTION

Conventional surgical aortic valve replacement (AVR) through

median sternotomy has been established as the gold standard for the

treatment of aortic valve stenosis (AS) with excellent results.1 As the

prevalence of AS increases with age, many elderly patients referred

for AVR have multiple comorbidities, so the operative risk is higher,

and outcomes are worse.2 Several less invasive treatment strategies

have been implemented in patients with a higher risk profile over the

last two decades to minimize surgical trauma and to maintain

the same good results.2–7 However, transcatheter aortic valve

implantation (TAVI) has been associated with greater rates of

paravalvular leak (PVL), vascular complications and concerns about

the inability to excise the native valve when compared with

conventional AVR.8,9

Rao and Kumar have successfully performed first minimally in-

vasive aortic valve replacement (mini‐AVR) via the right anterior

thoracotomy in 1993.10 Currently, the most common technique for

mini‐AVR has been the upper ministernotomy approach.11 Alter-

natively, right minithoracotomy approach can be performed via the

2nd or 3rd intercostal space.5,7,12 There is a growing evidence in

literature that in comparison with conventional AVR, mini‐AVR can

reduce postoperative morbidity allowing less blood loss, less pain,

faster recovery, and a shorter hospital stay with no difference in

mortality.13–16 In addition, two arterial perfusion strategies are

currently utilized, such as peripheral femoral arterial cannulation,

which is the most frequently used, and central aortic

cannulation.7,17–19 However, peripheral cannulation adds a wound

in the groin with a risk of cerebrovascular accidents and groin‐
related complications.17,18

Restricted operative field and increased XCT were one of the

arguments for surgeons not performing the right minithoracotomy.7

Sutureless/rapid deployment bioprosthesis have been in use since

2008 as alternative to conventional biological valves and have de-

monstrated good clinical outcomes with advantage of decreasing the

XCT and easing the procedure.16 Our aim was to evaluate the safety

and early postoperative outcomes of mini‐AVR using sutureless

Perceval bioprothesis via a single incision through the right mini-

thoracotomy approach with our new modified technique of com-

pletely central cannulation.

2 | METHODS

2.1 | Study design and patients

We have conducted a retrospective review of 203 patients who

consecutively underwent mini‐AVR between March 2016 and June

2018 at the Department of Cardiovascular Surgery in the University

Hospital Centre Ljubljana (Slovenia). No Ethics Committee approval

was required given that this study is retrospective and anonymized.

All patients consented for the surgery and use of their anonymized

data for future research and publications. The indications for AVR

were in accordance with American College of Cardiology/American

Heart Association guidelines.20 All patients eligible for AVR with

bioprosthesis were considered as candidates for the right mini-

thoracotomy approach with central cannulation. Combined surgical

procedures were excluded. Routine preoperative computed tomo-

graphy was not performed unless there was a need to exclude aortic

pathology due to a suspicious finding on preoperative chest X‐ray or

echocardiography.

A 5–7 cm transverse incision was placed at the level of 2nd in-

tercostal space. Right mammary artery and vein were ligated. Fol-

lowing opening of the pericardium and placement of pericardial stay

sutures, our modified cardiopulmonary bypass (CPB) technique with

direct aortic cannulation using EOPA® arterial cannula (Medtronic,

Inc.) and superior vena cava (SVC) cannulation with optimized

29‐French OptiFlow venous cannula (Sorin Group) was performed

(Figure 1). Surgical technique of the right minithoracotomy approach

with completely central cannulation differs from the standard pro-

cedure in several steps and is previously described by Klokocovnik

et al.21 with the use of double venous drainage. Ventricular vent was

placed into the right superior pulmonary vein. Vacuum‐assisted
drainage with negative pressures of 40–60mmHg, as needed to

decompress the right heart, and normothermia were used. Ante-

grade cardioplegia was delivered directly into the aortic root or se-

lectively into the coronary ostia using 1 L of del Nido cardioplegia

solution. A higher transverse aortotomy at the level around 2.5 cm

above sinotubular junction was required. Resection of native valve,

decalcification, and careful sizing of annulus were performed

(Figure 2). Perceval (LivaNova) aortic sutureless valve was deployed in

a standard fashion over the three guiding sutures (4‐0 polypropylene)

positioned at the nadir level of each resected cusp. Postdilation

modeling is performed with a balloon (30 s at a pressure of 2 atm).

Aor�c 
cannula

Venous 
cannula 

F IGURE 1 Central aortic and venous cannulation
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Attention to exposure, extent of annular decalcification, appropriate

depth of placement of guiding sutures, and precise sizing and de-

ployment of the sutureless valve is crucial in reducing the risk of PVL

and postoperative pacemaker implantation. Aortotomy was closed in

one layer and ventricular pacing wire was placed on the right ventricle

before unclamping. We prevent air embolization by using carbon

dioxide (2 L/min) and a careful deairing technique under guidance by

transesophageal echocardiography (TOE).22 Position and function of

the bioprosthesis were assessed by TOE immediately after weaning

from CPB. Pericardial chest drain going through the right pleural

space is placed. A figure‐of‐eight suture was placed around the ribs to

provide chest stabilization. Postoperatively, patients were transferred

to intensive care unit (ICU) and the following day to high dependency

unit (HDU) until the chest drains were removed. Transthoracic

echocardiography was routinely performed either before the hospital

discharge or at the time of the first clinical follow‐up. Four patients

(2%) were lost at 4‐month follow‐up.

2.2 | Data collection and statistical analysis

All clinical data were analyzed retrospectively through a review of

electronic and archived medical records. Data collected were base-

line demographics, preoperative clinical characteristics, in-

traoperative characteristics, and early postoperative results and

complications. Primary endpoint were 30‐day and 4‐month mortality.

Secondary outcomes were XCT, CPB time, duration of surgery and

early postoperative echocardiographic findings and complications

during 4‐month follow‐up. Categorical variables were tabulated as

numbers with percentages. Continuous variables were shown as the

mean ± SD or median values, with corresponding interquartile range,

when the data were skewed. All analyses were performed using the

statistical software MedCalc for Windows, version 15.8 (MedCalc

Software).

3 | RESULTS

The study population included a total of 203 patients (48.8% female).

Patients' baseline demographics, and preoperative clinical char-

acteristics are presented in Table 1. Mean age was 76 ± 6.2 years

(range, 56–89 years), 63 (31%) patients were 80 years or older. In-

dications for AVR included aortic stenosis (91.1%), regurgitation

(1.5%), and mixed valve disease (8.4%). We had 38.4% patients with

New York Heart Association (NYHA) class III/IV. Three patients

(1.5%) had previous cardiac surgery.

Intraoperative characteristics are presented in Table 2. Median

XCT, CPB time, and duration of surgery were 35 (24–76), 60.5

(39–153), and 138 (90–320) min, respectively. The most common

size of valve was XL (27mm) and was used in almost 40% of patients

(Figure 3). We observed that both L (25mm) and XL valves were

used in 72.4% of patients. Two (1%) patients needed conversion to

full sternotomy due to bleeding (one patient had the bleeding from

aortotomy site and the other one from the antegrade cardioplegia

F IGURE 2 Intraoperative view of the aortic valve sizing

TABLE 1 Preoperative patient characteristics

Characteristics

Age, years 76 ± 6.2

Age >80 years 63 (31)

Gender, female 99 (48.8)

Body surface area, m²/kg 1.88 ± 0.2

NYHA class ≥3 78 (38.4)

Diabetes mellitus 55 (27.1)

Renal insufficiency 18 (8.9)

Previous myocardial infarction 9 (4.4)

Previous cardiac surgery 3 (1.5)

Atrial fibrillation 45 (22.2)

Atrioventricular block 3 (1.5)

EUROscore II (mean ± SD) 1.9 ± 1.3

AV pathology

Stenosis 183 (91.1)

Insufficiency 3 (1.5)

Mixed 17 (8.4)

AV mean gradient, mmHg 49.7 ± 12.9

AV max gradient, mmHg 79.3 ± 20.2

VTI LVOT, cm 22.5 ± 4.7

AVA, cm² 0.7 ± 0.2

LVEF, % 64.1 ± 10.1

SVI, ml/m2 (mean ± SD) 39.7 ± 9.4

Note: Data presented as n (%) or mean ± SD.

Abbreviations: AV, aortic valve; AVA, aortic valve area; NYHA, New York

Heart Association Functional Classification; SVI, systolic volume index;

VTI LVOT, velocity time interval left ventricle outflow tract.
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site), and two (1%) patients to ministernotomy (one patient due to

parch repair of intraoperative aortic root tear and the other one was

due to adhesions and better exposure as it was a reoperation after

previous coronary artery bypass grafting).

Early postoperative results are demonstrated in Table 3 and

postoperative complications in Table 4. Mean mechanical venti-

lation was 7.4 ± 9 h. Mean postoperative chest drainage in the

first 24 h was only 353 ± 272 ml. Red blood cells transfusion was

required in 40.4% of patients. Postoperatively, patients were

transferred to ICU and the following day to HDU until the chest

drains were removed. Mean HDU length of stay (LOS), together

with ICU stay, was 101.6 ± 68.5 h. Thirty‐day and 4‐month mor-

tality were 1% (two patients). We observed stroke in 3 (1.5%)

patients. The incidence rate of postoperative permanent pace-

maker implantation was 6.9%, but only 5.4% in patients without

preoperative atrioventricular block. We had no moderate or

severe PVL, while minor PVL occurred in seven patients (3.4%).

Echocardiographic findings before the discharge showed mean

aortic valve (AV) gradient of 14.6 ± 8.8 mmHg, mean left ventricle

ejection fraction of 65.5 ± 10.8%, and systolic volume index (SVI)

of 41.56 ml/m2. We observed that SVI has improved by ap-

proximately 5% from the preoperative value. There was no

structural valve degeneration. Mean hospital LOS was 9 ± 5.9 days.

During the 4‐month follow‐up one patient developed moderate/

severe PVL.

TABLE 2 Intraoperative characteristics

Characteristics

CPB, min 60.5 (39–153)

XCT, min 35 (24–76)

Duration of surgery, min 138 (90–320)

Implant success rate 203 (100.0)

Valve size

S (21mm) 9 (4.4)

M (23mm) 47 (23.2)

L (25mm) 66 (32.5)

XL (27mm) 81 (39.9)

Conversion

Median sternotomy 2 (1)

Mini‐sternotomy 2 (1)

Note: Data presented as n (%) or median.

Abbreviations: CPB, cardiopulmonary bypass time; XCT, cross clamp time.

4.4

23.2

32.5

39.9

Valve size distribu�on

S M L XL

F IGURE 3 Valve size distribution

TABLE 3 Early postoperative results

Variables

High dependency unit LOS, h 101.6 ± 68.5

Hospital LOS, days 9 ± 5.9

Mechanical ventilation, h 7.4 ± 9

Inotropic support, h 6.2 ± 17.1

Chest drainage, ml/24 h 353 ± 272

Red blood cells, units 1.5 ± 1.9

Fresh frozen plasma, units 0.6 ± 1.8

Platelets, units 0.2 ± 0.7

AV mean gradient, mmHg 14.6 ± 8.8

AV max. gradient, mmHg 24.6 ± 8

VTI LVOT, cm 23 ± 5.2

AVA, cm² 2.4 ± 0.4

LVEF, % 65.5 ± 10.8

SVI, ml/m2 41.6 ± 15.7

Note: Data presented as mean ± SD.

Abbreviations: AV, aortic valve; AVA, aortic valve area; LVEF, left

ventricle ejection fraction; LOS, length of stay; SVI, systolic volume index;

VTI LVOT, velocity time interval left ventricle outflow tract.

TABLE 4 Early postoperative complications

Variables

30‐day mortality 2 (1)

Moderate/severe paravalvar leak 0 (0)

Mild paravalvar leak 7 (3.5)

Stroke 3 (1.5)

Re‐exploration for bleeding 4 (2)

Pericardial effusion 37 (16.3)

New postoperative atrial fibrillation 48 (23.6)

Myocardial infarction 0 (0)

4‐month mortality 2 (1a)

4‐month moderate/severe paravalvar leak 1 (0.5a)

Note: Data presented as n (%). Data refer to 30‐day follow‐up unless

indicated as 4‐month.
aData are presented as a valid percentage when considering missing data.
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4 | DISCUSSION

This study shows early clinical and echocardiographic results in 203

consecutive patients undergoing mini‐AVR via the right mini-

thoracotomy approach with central cannulation. We demonstrated

that mini‐AVR with the Perceval sutureless valve is a safe and fea-

sible procedure associated with a low incidence of early post-

operative mortality and complications, along with satisfactory early

hemodynamic results. Our early postoperative mortality and stroke

rate were 1% and 1.5%, respectively, despite the fact that more than

30% of patients were older than 80 years. Other principal findings

were that mean XCT and CPB time were only 35 and 60.5 min, re-

spectively. In addition, mean duration of mechanical ventilation was

7.4 h, while mean postoperative chest drainage in the first 24 h was

around 350ml. Technical success and early in‐hospital safety were

achieved in part by introduction of the right minithoracotomy

approach by a single surgeon highly experienced in mini‐AVR.
There are several reports that have demonstrated similar, if not

superior, results of mini‐AVR in comparison with conventional

AVR.5,13,15 The term “minimally invasive” refers to a small chest wall

incision that does not include conventional full sternotomy.14

Glauber et al.14 compared right minithoracotomy approach with

conventional AVR in a propensity‐matched study and demonstrated

that it was associated with a similar mortality, but a lower incidence

of postoperative atrial fibrillation and blood transfusion, and shorter

ventilation time and hospital LOS. However, they had specific se-

lection criteria with exclusion of patients with previous cardiac

surgery, and their technique consisted of central aortic and periph-

eral venous cannulation. Our average hospital LOS was slightly

longer than that in the report of Glauber et al. We can partially

explain this with longer hospitalization of few patients that were

treated due to a stroke. Furthermore, Miceli et al.16 have demon-

strated lower postoperative morbidity and a shorter hospital stay

with right minithoracotomy approach compared to ministernotomy.

Our main results were comparable with both these studies. In ad-

dition, a recent meta‐analysis of six studies comparing minis-

ternotomy and right minithoracotomy approaches found a reduced

hospital LOS for the right minithoracotomy group but no difference

in mortality.6

Currently, the Miami Method is a widely accepted mini‐AVR
method using the right minithoracotomy approach, with a division of

rib cartilage and trans‐incisional direct aortic cross‐clamping.7 Ad-

ditional groin incision is performed for peripheral cannulation.

However, XCT and CPB time were longer in comparison with our

results possibly as the sutureless valve was not used in the Miami

method. The use of sutureless valves may ease the procedure and

increase the acceptance rate of mini‐AVR, especially using the right

minithoracotomy approach.23 In fact, the sutureless Perceval valve

allows for rapid deployment, thus reducing XCT and operative time

up to 40%.24 This is favorable particularly for older and high‐risk
patients as it might reduce the morbidity associated with prolonged

XCT and CPB time.25 Ranucci et al.26 reported a 1.4% increase in

severe cardiovascular morbidity for each additional minute of CXT.

Furthermore, patients with small calcified aortic annulus are good

candidates for AVR with the Perceval valve as sutureless concept

allows easier valve implantation into the calcified aortic root.25 In

addition, it has been shown that the Perceval valve provides larger

effective orifice areas as compared to the conventional bioprosthesis

and can decrease the risk of patient‐prosthesis mismatch in this

population.27 Interestingly, our results have demonstrated that

Perceval valves of larger sizes (L, 25mm and XL, 27mm) were used

in 72.4% of patients. Sizing of the device is important because the

Perceval valve is designed to expand to an outer diameter larger

than the patient's measured annular diameter.17 On the other hand,

there were some concerns regarding the PVL; however, the majority

of reports demonstrate very low rates of moderate or severe PVL.28

Similarly, we had no moderate or severe PVL perioperatively, while

minor PVL was found in only 3.4% of patients. One patient devel-

oped moderate/severe PVL during the 4‐month follow‐up. Ad-

ditionally, in our experience the rate of postoperative pacemaker

implantation was 5.4% in patients without preoperative atrioven-

tricular block, and this result is lower than that of the largest Eur-

opean multicenter experience.23 In addition, careful annular

debridement, sizing, and deployment of valve are crucial during the

sutureless valve implantation to avoid complications of post-

operative pacemaker implantation, PVL, and patient‐prosthesis mis-

match. Finally, the Perceval valve has proved good midterm

durability so far, with very few reports of structural valve

deterioration.25

In this study, we have presented our new modified technique of

central cannulation by avoiding groin incision thus minimizing the

surgical access. With this approach, all the patients underwent direct

aortic cannulation which is more physiologic and has advantages of

avoiding retrograde cerebral embolism.29 Moreover, we eliminated

groin‐related complications, and despite cannulation of SVC none of

the patients experienced injury of the sinoatrial node or required

conversion to a different type of venous drainage. We believe the

technique is quick and simple, and with the use of 29‐French Opti-

Flow venous cannula can be applied in all cases of minimally invasive

surgery of the AV and the ascending aorta. Furthermore, there were

some concerns in mini‐AVR regarding the reported increased risk of

cerebrovascular accidents.18 Other attempts have been made to

perform mini‐AVR with combination of central aortic and femoral

venous cannulation.19,30 Several studies analyzing mini‐AVR with the

right minithoracotomy approach have identified retrograde perfu-

sion as the only independent risk factor for stroke, suggesting that

femoral cannulation is a feasible option for patients without per-

ipheral vascular disease.18 However, this was not observed in the

study by Lamelas et al.30 Also, we have noticed that a loss of the right

internal mammary artery was not of clinical significance in the cur-

rent series. Lastly, we believe that our technique of mini‐AVR using

sutureless Perceval valve represent a less invasive concept which

might be preferred particularly in the treatment of high‐risk patients,

including elderly, frail, and obese patients.30 Another criticism exists

regarding the use of TAVI in these high‐risk categories of patients.8

Nevertheless, a systematic review and meta‐analysis by Meco et al.9
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comparing sutureless AVR with TAVI demonstrated statistically

significant advantages of sutureless AVR in terms of 30‐day mor-

tality, 1‐ and 2‐year survival. It is also reported that TAVI is asso-

ciated with a greater incidence of PVL, vascular complications and an

increased risk of embolic stroke.8,9

The retrospective nature and single‐institution design are lim-

itations of this study. However, there have been very few large

randomized trials on the similar topic. Furthermore, as we have

analyzed early postoperative outcomes of our right minithoracotomy

approach with modified cannulation technique, further studies with

long‐term results regarding the use of sutureless AV would be of

additional importance. Also, there was no assessment of patient's

satisfaction or costs. Another limitation is that we did not compare

the results of our technique with the conventional AVR using con-

ventional tissue or mechanical valves. However, it would be difficult

to conduct either comparative study or propensity score matched

analysis because mini‐AVR is our routine standard for all eligible

patients considered for AVR with bioprosthesis. Nonetheless, this is

among the largest reported series with this approach. Furthermore,

prospective randomized trials comparing this approach with the use

of conventional biological valve or TAVI would be very useful.

5 | CONCLUSIONS

Mini‐AVR with a sutureless Perceval valve via the right mini-

thoracotomy approach and central cannulation is an effective and safe

procedure and demonstrates excellent early clinical and hemodynamic

outcomes. This approach can be particularly valuable in higher risk and

elderly patients. Our results suggest that the use of sutureless AV via

this approach allowed short cross clamp and bypass time. We believe

that in the coming years, prospective randomized long‐term data

comparing the Perceval valve with well‐established stented aortic

bioprostheses will determine the role and durability of sutureless AVR.
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