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Objective: We have developed a minimally invasive technique for heart valve replacements through a lateral mini-
thoracotomy via a small right infra-axillary skin incision, and have evaluated its initial results.

Methods: Through right vertical infra-axillary lateral minithoracotomy incision (by third intercostal space), 106 patients 
with rheumatic heart valve disease underwent heart valve surgery, 4 patients with left atrial myxsoma and 5 patient with 
large atrial septal defect underwent open heart operation are included in this study from July 2012 to December 2015. 

Results: 42 isolated mitral valve replacements, 7 mitral valve replacements and DeVega tricuspid annuloplasty, 3 
mitral and tricuspid valve replacement, 2 mitral valve replacement and right coronary artery bypass graft, 1 reopera-
tive mitral valve replacement due to dejeneration of the bioprothesis of the mitral valve, 6 mitral valve repair, 1 mitral 
valve repair and aortic valve replacement; 33 isolated aortic valve replacements, 9 aortic and mitral double valve re-
placements, 2 triple valve replacements, 4 excision of the left atrial myxsoma and 5 surgical closure of the large atrial 
septal defect were performed. There were 52 women (45%) and 63 men (55%). The mean and range of age was 48±9 
(14-91). The length of the incision averaged 8.5±0.5 cm, There were 4 operative mortalities, one patient from infective 
endocarditis and multisystem organ failure, the other patients from cardiac failure in the hospital. The results of follow 
up for other patients were fine.

Conclusions: This minimally invasive right vertical infra-axillary lateral minithoracotomy approach is safely, prac-
ticable, useful, economic, small wounded, cosmetic, contemporary and modern approach for the heart valve surgery
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Introduction

The operation for valve replacement and repair 
over the past 40 years has evolved to using a median 
sternotomy incision, cardiopulmonary bypass, varing 
degrees of systemic hypothermia, antegrade and ret-
rograde cardioplejic myocardial protection. With the 
establishment of the minimally invasive major surgery 
in orthopedic, gynecologic, urologic, general surgery 
and thoracic surgery over the past 25 years, cardiac sur-
geons over the past 15 years  have begun to explore the 
use of minimally invasive approaches for patients un-
dergoing standard cardiac valve operations. Minimally 
invasive valve surgery was first performed by Navia et 
al. in 1996, and by Cohn et al. in 1997.(1,2) 

Material and Methods  

From July 2012 to December 2015, 115 operations 
using a minimally invasive approach  through the right  
vertical infra-axillary lateral minithoracotomy incision 
(by intercostal space) were performed in the our clinic. 
106 patients with rheumatic heart disease underwent 
heart valve replacement and 4 patients with left atrial 
myxsoma and 5 patient with large atrial septal defect 
underwent open heart operation are included in this 
study. All patients were entered into the our clinic’s 
cardiac surgery database to prospectively document 
preoperative indications, in-hospital and post-hospital 
operative morbidity and mortality, patient satisfaction 
was analyzed which included reliance on pain medicine 
and return to full activity.   

Operative Techniques

Setting of the patient is left lateral decubitus and 
slightly posterior oblic position (10°-20° posterior 
oblic, left decubitus, right lateral thoracotomy position) 
with a support under patient’s back. The patients un-
dergoing heart valve replacement were treated by us-
ing a minimally invasive approach through the right 
vertical infra-axillary lateralminithoracotomy incision 
usually by third intercostal space for our operation, 
sometimes by fourth intercostal space for some patients 
which have tall and bulky body, the incision is made ap-
proximately 6 to 10 cm in the right infra-axillary, oblic, 
lateral minithoracotomy. After the incision, pulmonary 
tidal volume is decreased about half of the tidal volume 

and respiratory rate is increased to 16-18 breaths per 
minute. This manipulation is usually sufficient for ex-
posure of the pericardium, therefore we don’t needus-
ingdouble-lumen endotracheal Carlens tube for selec-
tive pulmonary ventilation. Then right pulmonary lobes 
can easily beretracted posteriorly using a pulmonary 
retractor and pericardium is opened 3-4 cm anterior to 
the phrenic nerve. The edges of the pericardium are at-
tached to the skin by retraction stitches. This pericar-
dial retraction raises the heart 4 to 5 cm to the operative 
field. The aorta, right and left atrium, superior and pos-
terior vena cava are exposed. After heparinization, the 
femoral arter is cannulated with standard femoral artery 
canula, superior and inferior vena cava are cannulated  
with curved venous canulas. 

After cannulation, cardiopulmonary bypass is begun 
and systemic temperature is lowered to 28 °C. Caval 
tapes are put down. The aorta is cross-clampedwith a 
spesific flexible minimally invasive cross-clamp. Ante-
grade cold blood cardioplegia solution is delivered for 
cardiac arrest. The right atrium is opened and a retro-
grade cardioplegia cannula is inserted after placement 
of purse string sutures to the coronary sinus ostium, 
thenantegrade and retrograde  cold  blood cardioplegyc 
solution are administered  for cardiac arrest and myocar-
dial protection and than the cardiac valve replacement 
or repair is performed usingthe standart techniques. All 
valve repair operations are checked by intraoperative 
transesophageal echocardiography.

Results

Table 1 lists demographics for patients undergoing 
minimally invasive valve surgery, including age, gen-
der, functional class and valve etiology. Table 2 lists 
operative procedures of minimally invasive cardiac 
valve surgery. Table 3 outlines operative mortality and 
postoperative morbidity. The postoperative mortality 
for minimally invasive cardiac valve surgery was 4 
(3.47 %) of 115. 

In the mitral valve group, 42 patients (36.52%) had 
isolated mitral valve replacement (MVR), 7 patients 
(6.08%)  had MVR and DeVega Trikuspid Annuloplas-
ty, 3 patients (2.61%) had mitral and trikuspid valve re-
placement, 2 patients (1.74%) had  mitral valve replace-
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ment and right coronary artery bypass graft, 1 patient  
(0.87%)  had reoperative mitral valve replacement due 
to dejeneration of the bioprothesis of the mitral valve, 
6 patients (5.22%) had mitral ring annuloplasty which 
included The St Jude Saddle ring annuloplasty, showed 
minimal to trace mitral regurgitation by intraoperative 
and postoperative transesophageal echocardiography  
and 1 patient (0.87%)  had mitral ring annuloplasty and  
aortic valve replacement.  

In the aortic valve group, 33 patients (28.69%) had 
isolated aortic valve replacement  (AVR) and 9 patients 

(7.83%)  had aortic and mitral valve replacements and  
2 patients (1.74%)  had triple valve replacements.

For  isolated mitral valve replacement (MVR), arrest 
times averaged (69.5  +/- 10) min, cardiopulmonary by-
pass times averaged (98.5 +/-10) min. 

For  isolated aortic valve replacement (AVR), arrest 
times averaged (79.2  +/- 15) min, cardiopulmonary by-
pass times averaged  (110.7 +/-15) min. 

For aortic and mitral valve replacement (AVR and 
MVR), arrest times averaged (141.6.5  +/- 20) min, car-

Diagnosis Patients   

MVR was operated, isole MR 17

MVR was operated, MS and MR / 7.7 9.2

complex mitral valve disease 25

Mitral and tricuspid valve disease                                                            10

Isole MR and Right coronary 
artery disease                                          

 2

Mitral bioprotez restenozu                                                                            1

MRA was operated, isole MR                                                                   6

Isolated aortic valve insufficiency         9

Complex aortic valve disease 
/ AS and AI                      

24

Aortic and mitral valve disease                                                            9

Three valves disease                                                                              2 44-38.26%

Myxsoma  4

Large asd                                                                                                  5 9-7,82%

Total 115 115-100%

Table 1. Demographics for patients 

MVR: mitral valve replacement MR: mitral regurgitation MS: mitral 
valve stenosis MRA: mitral ring annuloplasty AI: aortic valve insuf-
ficiency AS: aortic valve stenosis   

Operative Procedures of the Minimally Invasive 
Cardiac Surgery

Mitral Valve Replacement (MVR) 42 (36,52 %)

MVR + DeVega Tricuspid 
Annuloplasty

7 (6.08 %)

MVR + Tricuspid Valve 
Replacement

3 (2.61 %)

MVR + CABGX1 (SV-RCA) 2 (1.74 %)

Redo MVR 1 (0.87 %)

Mitral Ring Annuloplasty 6 (5.22 %)

Mitral Ring Annuloplasty + AVR 1 (0.87 %)

Aortic Valve Replacement (AVR) 33 (28.69 %)

Aortic and Mitral Valve Replacement 9 (7.83 %)

-- previous CMC operation 1

-- with enlargement of aortic annulus 1

--double bioprothesis valve 2

Triple Valve Replacement 2 (1.74 %)

Myxsoma 4 (3.48 %)

Surgical closure of the large ASD 5 (4.35 %)

Total 115 (100 %)

Table 2. Minimally invasive cardiac valve surgery 

MVR: mitral valve replacement AVR: aortic valve replacement CABG: 
coronary artery bypass grefting operation SV: saphenous vein RCA: 
right coronary artery CMC:Closed Mitral Commissurotomy
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diopulmonary bypass times averaged (175.3 +/-20) min. 

Ventilator periods averaged (7.5 +/- 2.5) hour, chest 
tube drainage averaged (350 +/- 150) ml. Two patients 
were reoperated on for bleeding.  There were zero 
wound infections of the thoracic and groin incisions. 
The length of  the incision averaged (8.5 +/- 0.5) cm.

In the medium-term follow-up extending to  Decem-
ber 2015, there was four hospital death, one of these 
hospital mortalities was in class IV patients from en-
docarditis, the other all patients improved at least two 
functional classifications in The New York Heart.

Discussion

Cardiac valve replacement and repair for the adult 
patient has become an exceedingly effective operative 
therapy for congenithal, rheumatismal, degenerative 
lesions of both the aortic and mitral valve. These op-
erations over the past 40 years have been performed 
through the standard complete median sternotomy and 
cardiopulmonary bypass with intrathoracic canula-
tions. With the advent of minimally invasive cardiac 
valve surgery, several new observations have arisen 
regarding the treatment of patients with isolated valve 

disease. Certainly, trauma is considerably less with the 
minimally invasive incisions. Sternal infections are 
avoided and there is less blood loss from the incision 
and the operative site.(2)

Minimally invasive valve surgery was first per-
formed by Navia et al. in 1996, and by Cohn et al. in 
1997.(1,2) When compared with a standard median ster-
notomy approach, the reported benefits of minimally 
invasive valve surgery include: reduced blood loss and 
pain, a lower morbidity, an enhanced recovery with 
shorter intensive care unit and hospital length of stay.
(2-8) Overall, the studies performed have involved single 
valve surgery in lower risk patients. 

Lamelas et al. have compared the outcomes of mini-
mally invasive valve surgery with median sternotomy 
in high risk patients,(9) Lamelas have demonstrated a 
reduced morbidity and lower resource utilization in 
those patients with chronic kidney disease,(10) chronic 
obstructive pulmonary disease,(11) those requiring re-
operative mitral valve(12) and aortic valve(13) surgery. In 
addition, they observed a reduction in mortality in the 
elderly(14) and obese(15) patients. Because of these ben-
efits, especially in high risk patients, it is reasonable to 
hypothesize that those needing concomitant aortic and 
mitral valve surgery would also benefit from a mini-
mally invasive approach.

In this our series of 96 patients, only 2 patients had to 
revision  for the postoperative bleeding, whereas  mean 
RBCs usage was 2.4 U in the our minimally invasive 
valve surgery group. There is improved cosmetic with 
these incisions which are relatively small, particularly 
for slim, underweight patients. 

Techniques of minimally invasive surgery include 
for  mitral valve,  a port access system,(16) which actually 
does mitral valve surgery through an even smaller trans-
verse incision under the right breast fold and is more cos-
metically;  for aortic valve partial upper T or L shaped 
ministernotomy or right anterior minithoracotomy;(17) for 
combined  aortic and mitral valve surgery,  a minimally 
invasive approach, performed via a right anterolateral  
thoracotomy (The “Miami Method”);(9) for double or 
triple valve performed via a right anterolateral  thora-
cotomy by Karimov et al. in 2009(18) and 2010(19)

Due to pleural hemoragyc  effusion,   
torasentesis              

5

Pericardial effusion                                                                   (-)

Elevation of the right diagraphma                                           3

Groin complications                                                                  (-)

Intraoperative dissection                                                         (-)

Reoperation on for bleeding                                                    2

Mean RBCs used                                                                         2.4

Postoperative  IABP required                                                   5

Postoperative ECMO required                                                 2

Endocarditis  1

Mortality  4

Table 3. Minimally invasive valve surgery 
              operative Morbidity and mortality
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For single, double, even triple valve replacement 
operations, surgical closure of the large ASD, myx-
soma excision, concomitant AF ablation and concomi-
tant right coronary artery bypass grafting operations, 
performed via a right vertical infra-axillary lateral 
minithoracotomy by our surgical team. This minimally 
invasive techniques for mitral or aortic valve performed 
by Wang  et al. in 1999,(20) for mitral valve performed 
by  Tüneriret al. in 1999(21) and Beşoğul et al. in 2002,(22) 
for  aortic valve performed by Ito  et al. in 2015.(23)

In 1996, Carpentier performed the first video-assist-
ed minimally invasive mitral valve surgery (MIMVS) 
through a mini-thoracotomy(24) and Chitwood intro-
duced the transthoracic aortic clamp.(25) In 1998, Mohr 
developed a video-assisting port access technology to 
reduce CPB and cross-clamp times which allowed a 
better visualization of the valve.(26)

Since then, MIMVS has been performed through a 
wide variety of approaches (hemisternotomy, paraster-
nal incision, mini-thoracotomy, total endoscopically 
and robotically) with favourable long-term outcomes 
even in elderly and redo patients when compared with 
sternotomy despite longer bypass and cross-clamp 
times.(27-28) However, minimally invasive cardiac sur-
gery is always accompanied by a learning curve.

The pain in these incisions is considerably less than 
in the patients with the median sternotomy, especially 
late period after the surgery. There is significantly less  

incisional pain, less requirement for pain medication 
both in the hospital and early period after the surgery, 
and a faster return to normal usual  activity.(2-8)

In this our series, postoperative first day, all of the 
patients could abduct their right arm about 90 degrees.

A disadvantage has been use of the femoral artery 
for cannulation, retrograde dissection may occur, and 
groin complications such as groin infections, arteries 
requiring reconstruction can be seen and were, in fact, 
a source of minor morbidity to the patient.(20,21,22) In our 
series, we don’t have any complication about retrograde 
dissection and groin complications. 

The major question to be asked is this: can you 
achieve the same quality of operation that you can do 
through the complete median sternotomy without com-
plete exposure of the heart? The answer, based on our 
experience and the other authors which are minimally 
invasive surgeons, is an emphatic ‘’yes’’. The quality of 
the valve replacement and repair in both the aortic and 
mitral has been exactly equal to the standart operation. 
There have been no perivalvular leaks in any of the 
valves implated, and there has been excellent visualiza-
tion of the valves as to perform valve implantation or 
repair, and documented by intraoperative and postop-
erative by transesophageal echocardiography. Thus, we 
believe that the quality of the valve operations has not 
been mitigated in any way. Conversely, we have learned 
that in the extremely older and sick patients with a high 
degree of the risk and potential morbidity, these mini-
mally invasive prosedures may not be as useful. 

Finally, minimally invasive aortic and mitral valve 
surgery in patients without coronary disease can be 
done safely and accurately through small incisions. 
Patient satisfaction is up, return to normality is higher, 
and requirement for post-hospital care is less. If the 
same quality of the operation can be performed through 
a less traumatic and better cosmetic incision resulting 
in less hospital stay and a lower overall cost, if the op-
eration can be performed  as effectively as the operation 
with the standard complete median sternotomy and sig-
nificantly reduce the need for post-operative care, the 
minimally invasive valve surgery can be prefered.   
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Conclusion

Minimally invasive right vertical infra-axillary 
thoracotomy has two main advantages: Cosmetic ap-
pearance and  patient comfort. Cosmetic  appearance 
is very important for younger patients. The incision is 
so placed that the patient can not see the incision site 
without using a mirror. So, many patients, especially  
younger patients, prefer this technique to a median ster-
notomy and to other minimally invasive thoracotomy 
incisions. Nearly half of our patients were younger than 
40 years. Compared to other minimally invasive tech-
niques, we believe that the right vertical infra-axillary 
lateral approach is cosmetically more acceptable for 
patients. 

Postoperative patient comfort, the patient can per-
form almost all activities without difficulty or discom-
fort, such as lying in bed in any position, arising from 

bed without help, using upper extremities without 
limitation, and early return to daily activities. Hence, 
higher patient satisfaction. Elderly patients have an 
increased risk for dehiscence of the standard sternot-
omy site.  Overweight patients may have sleep  apnea  
and thus can not lie in the supine position. These risks 
can be avoided by using this technique. 

Surgical advantages: Less postoperative pain, no 
sternal infections, less blood loss, faster recovery, 
shorter intensive care unit and hospital stay, lower over-
all costs, lower morbidity and mortality. The quality of 
valve operations is not at all less with this technique. 

Last, but not least, this technique presents particular 
difficulties for the surgeon.  It is demanding, and have a 
learning curve. Only a dedicated team can have a suc-
cessful result.
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