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Abstract 
Objectives: Due to recent spread of minimally invasive surgery, the demand 
for minimally invasive cardiac surgery (MICS) is increasing. We investigate 
the usefulness of minimally invasive aortic valve replacement (MICS-AVR) 
which was performed in our hospital. Methods: Of 63 consecutive patients 
undergone an isolated aortic valve replacement (AVR), 16 patients underwent 
MICS-AVR with partial lower sternotomy (M group) and 47 patients under-
went AVR with median full sternotomy (C group). We compared the two 
groups in a retrospective study. Results: No significant difference was found in 
the surgical and perioperative-related factors between the two groups. How-
ever, the average of aortic cross-clamping time was longer, and intensive and 
high care unit stay was shorter in the M group. A tendency to decrease blood 
transfusion was observed in the M group. There was no hospital death in all 
patients. The mean follow-up period was 29 ± 15 months. There was no sig-
nificant difference between the two groups in the survival rate, and the 5-year 
survival rates were 88.9% in the M group and 85.9% in the C group. Conclu-
sion: It was suggested that the MICS-AVR could be safe and useful procedure 
in AVR. 
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1. Introduction 

Aortic valve replacement (AVR) as a surgical treatment for aortic valve disease 
has been performed for many years by the median sternotomy approach. Since 
the 1990s, minimally invasive cardiac surgery (MICS) has been undertaken by 
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the small incision. The surgical technique with a right parasternal incision was 
reported as the first minimally invasive aortic valve replacement (MICS-AVR) 
performed by Cosgrove et al. in 1996 [1]. Initially the evaluation of MICS in Ja-
pan has been low and it has not spread very much. However, due to the recent 
spread of minimally invasive surgical operations and the progress of surgical in-
struments, the demand for MICS is increasing. Some surgical approaches have 
been performed for MICS-AVR, and the approach with a partial upper ster-
notomy [2] is commonly used. We have started MICS for cardiac valve diseases 
since 2010 in our hospital, and we have adopted an approach via a partial lower 
sternotomy. In this study, we investigated MICS-AVR with the partial lower 
sternotomy which was performed in our hospital. 

2. Methods 
2.1. Patients 

From February 2011 to October 2015, 102 consecutive patients underwent AVR 
in our hospital. Of these patients, 67 had isolated AVR. Among them, 2 of redo 
surgery, 1 of emergency operation and 1 of active infectious endocarditis were 
excluded. In the analysis, there were a total of 63 patients who underwent iso-
lated AVR. In these patients, we compared them separately into 16 patients with 
MICS-AVR (M group) and 47 patients with median sternotomy (C group). 

The patient demographic data were comparable between the two groups as 
shown in Table 1. The comparable demographics were age, gender, New York 
Heart Association (NYHA) functional classification, left ventricular ejection 
fraction (LVEF), the rate of patients of hypertension, diabetes mellitus, chronic 
obstructive pulmonary disease (COPD), hemodialysis, presence of smoking, aor-
tic stenosis (AS), and serum creatinine (Cr) value. The decision of whether pa-
tients underwent MICS-AVR or full sternotomy was predominantly made by the 
staff surgeons after the preoperative heart team conference, and the informed 
consent for the patients was obtained. In addition, patients with a medical his-
tory of pacemaker implantation and moderate or higher arteriosclerotic changes 
judged by preoperative enhanced CT examination were not adapted for 
MICS-AVR, and these patients underwent AVR by median sternotomy. Fur-
thermore, MICS-AVR was performed by the two senior medical staff. 

2.2. Operative Management and Surgical Procedure 

MICS-AVR was performed with an about 10 cm skin incision in the median 
longitudinal direction of the lower sternum, and the partial sternotomy was 
performed with an inverted L-shaped sternotomy incision from the second right 
intercostal space of the sternum to the xiphoid. In the C group, the superior and 
inferior vena cava and the ascending aorta were cannulated separately to insti-
tute cardiopulmonary bypass (CPB). In the M group, the superior vena cava and 
inferior vena cava through right femoral vein and the femoral artery were can-
nulated separately to institute the CPB. All patients of both groups were  
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Table 1. Patient demographics. 

Variables, mean ± SD 
or % 

Group M 
(n = 16) 

Group C 
(n = 47) 

p value 

Age, year 72.1 ± 9.7 74.4 ± 9.6 0.425 

Sex, male % 50.0 58.5 0.576 

NYHA classification 2.1 ± 0.4 2.1 ± 0.6 0.925 

LVEF (%) 62.1 ± 10.8 62.1 ± 14.5 0.988 

Hypertension (%) 25.0 48.8 0.065 

Diabetes Mellitus (%) 25.0 22.0 0.963 

COPD (%) 6.3 12.2 0.468 

Hemodialysis (%) 12.5 9.8 0.781 

Smoking (%) 18.9 14.6 0.724 

Creatinine (mg/dl) 1.5 ± 2.3 1.7 ± 2.5 0.790 

AS (%) 81.3 85.4 0.887 

NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; COPD, chronic obstructive 
pulmonary disease; AS, Aortic valve stenosis. 

 
performed AVR under the cardiac arrest using antegrade and retrograde myo-
cardial protection with cold blood cardioplegia, and a left cardiac venting cathe-
ter was inserted through the right upper pulmonary vein. Regarding to the AVR, 
both patients routinely underwent the procedure by ascending aorti incision. 

2.3. Follow-Up and Statistics 

Follow-up was basically obtained by regular outpatient contact. Continuous va-
riables are expressed as the mean ± standard deviation. Comparisons of data 
between the two groups were performed using t test for the continuous variables, 
Fisher’s exact test for the ratios, and Mann-Whitney’s U test for the categorical 
variables, respectively. The survival curves were obtained by Kaplan-Meier me-
thod and the Log-rank test was performed. A p value of less than 0.05 was con-
sidered significant. All statistical analyses were performed using SPSS version 
20.0. 

3. Results 

The mean age of patients was 72.1 ± 9.7 and 74.4 ± 9.6 years in M group and C 
group, respectively, and they were not significantly different. There was no sig-
nificant difference in the ratio of sex between the two groups. There were no 
significant differences between the two groups in NYHA functional classifica-
tion, LVEF and serum Cr value. And there were no significant differences be-
tween the two groups in the rate of patients of hypertension, diabetes mellitus, 
COPD, hemodialysis, presence of smoking and AS. These preoperative compar-
isons of patient characteristics between the two groups are showed in Table 1. 

Operation time, total CPB time and aortic cross-clamp time were examined as 
intraoperative factors of the patients (Table 2). There were no significant  
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Table 2. Operative data. 

 Group M Group C Group C 

Operation time (min) 279 ± 23 268 ± 42 0.224 

CPB time (min) 157 ± 21 148 ± 27 0.237 

AoXCl time (min) 94 ± 12 87 ± 17 0.082 

CPB, cardiopulmonary bypass; AoXCl, aortic cross-clamp. 

 
differences in the intraoperative factors between the two groups. However, the 
average values of the M group were longer than those of the C group, and there 
was a tendency to prolong aortic cross-clamp time in the M group. 

The comparisons of perioperative factors and complications between the two 
groups are showed in Table 3. There were no significant differences between the 
two groups in postoperative intubation time, intensive and high care unit 
(ICU/HCU) stay, and postoperative hospital stay. The average durations of the 
M group were shorter than those of the C group, and there was a tendency to 
shorten ICU/HCU stay in the M group. There was no significant difference be-
tween the two groups in the intraoperative and postoperative transfusion vo-
lume of erythrocyte; however there was a tendency to decrease the transfusion in 
the M group. There was no significant difference between the two groups in the 
incidence of perioperative arrhythmia. In the perioperative complications (Table 
3), sepsis in 1 (6.3%) in the M group, reoperation due to postoperative bleeding 
in 1 (2.4%) in the C group, cerebral infarction in 2 in the two groups, and deep 
wound infection in 2 in the two groups. There was no significant difference in 
the incidence of these perioperative complications between the two groups. 
There were no operative death and hospital death in each group. 

Figure 1 shows postoperative survival curves of the two groups. The mean 
follow-up period was 29 ± 15 months. There was no significant difference be-
tween the two groups in the survival rate, and the 5-year survival rates were 
88.9% in the M group and 85.9% in the C group. Mid-term mortality during the 
postoperative follow-up was 3 in all patients, including 1 aspiration pneumonia 
in the group M, 1 heart failure due to left ventricular dysfunction in the group C, 
and 1 cancer death due to lung cancer. 

4. Discussion 

While being required to minimally invasive surgery in each surgical field, it is 
positioned as MICS in cardiac surgery. MICS-AVR was reported by Cosgrove et 
al. in 1996 [1]. After that, it was evaluated as leading to reduction of the ventila-
tor wearing time, hospital stay, perioperative bleeding volume and transfusion 
[3] [4] [5] [6]. Some reports have not obtained results that MICS-AVR has ad-
vantages [7] [8], while the meta-analysis shows the superiority of MICS-AVR 
[4]. On the other hand, MICS-AVR causes extension of aortic cross-clamp time 
and CPB time due to technical difficulty in small surgical field [4]. In recent  
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Table 3. Postoperative data. 

 Group M Group C p value 

Intubation time (h) 10.9 ± 10.4 14.9 ± 17.8 0.300 

Transfusion (unit 4.8 ± 3.1 6.6 ± 4.8 0.095 

ICU/HCU stay (day) 3.8 ± 1.6 5.1 ± 4.2 0.099 

Hospital stay (day) 18.4 ± 7.4 22.1 ± 12.3 0.172 

Arrhythmia (%) 12.5 17.1 0.663 

Sepsis (%) 6.3 0 0.333 

Reoperation for bleeding (%) 0 2.4 0.323 

Cerebral infarction (%) 6.3 2.4 0.576 

Deep wound infection (%) 6.3 2.4 0.576 

Perioperative death (%) 0 0 1.000 

Hospital death (%) 0 0 1.000 

ICU/HCU, intensive and high care unit. 

 

 
Figure 1. Postoperative survival curves. 

 
years, some reports [9] [10] show that the advances of technical skills and devic-
es used for MICS reduced the operation time. Lehmann et al. [2] reported the 
long-term results after MICS-AVR are good, however the advantages of 
MICS-AVR have not been clarified in Japan. In our study, although the number 
of patients was small and there was no significant difference between 
MICS-AVR and conventional AVR with full sternotomy in the clinical data, 
there was a tendency to extend the aortic cross-clamp time, reduce the transfu-
sion volume, and shorten the period of ICU stay in the patients undergoing 
MICS-AVR as with the results reported by the households. In addition, the good 
results were obtained not only in the perioperative results but also in the 
mid-term results in the both groups in our study, and it seems that there was no 
problem in the surgical indication and the selection of the operation. 
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Surgical approaches for MICS-AVR are via a partial upper sternotomy [2], a 
right intercostal small thoracotomy [11] and a partial lower sternotomy, etc. We 
emphasize a secure retrograde cardioplegia with direct placement of cannula 
using pursestring suture within coronary sinus, and we perform MICS-AVR via 
a partial lower sternotomy with the myocardial protection. In regard to the CPB 
in lower sternotomy approach, a peripheral artery such as a femoral artery is of-
ten selected as an arterial perfusion route because the cannulation in ascending 
aorta is anatomically difficult. Although a thromboembolism is a concern in the 
blood delivery from the femoral artery, it is considered safe if it is confirmed that 
there is no arteriosclerosis finding in a preoperative enhanced CT examination. 
Perioperative cerebral infarction in our study was observed for MICS-AVR in 1 
patient and also for AVR with full sternotomy in 1 patient. The patient with 
MICS-AVR complicated by perioperative cerebral infarction had the onset on 
2nd postoperative day. We consider that the cause of the perioperative cerebral 
infarction is not derived from the blood delivery from the femoral artery. In ad-
dition, MICS-AVR via a partial lower sternotomy has an advantage in prevent-
ing air embolism compared to other MICS-AVR with small incision because we 
can handle the left ventricle directly by the procedure. 

Multiple studies reported longer aortic cross-clamp time in MICS, however, 
they did not show to increase the rate of related adverse effects such as perioper-
ative myocardial infarction or low cardiac output syndrome in MICS [4] [5] [11] 
[12] [13]. In our experience, aortic cross-clamp time was slightly prolonged in 
MICS-AVR. However, there was no perioperative myocardial infarction and re-
quiring mechanical assistance. 

Glauber et al. [11] performed a propensity matched analysis comparing 
MICS-AVR to conventional AVR. They used a right anterior mini-thoracotomy 
approach in MICS-AVR. And they demonstrated a lower incidence of postoper-
ative atrial fibrillation and blood transfusion, as well as shorter ventilation times 
and hospital stays in MICS patients with no difference in hospital mortality 
rates. In our study, there were no statistically significant differences between the 
two groups in these perioperative parameters, however the same trend as their 
research results was found. 

Merk et al. [13] compared early and long-term outcomes of MICS-AVR to 
conventional AVR in patients undergoing isolated bioprosthetic AVR. After a 
propensity matched analysis, there were no clinically significant differences in 
preoperative variables. Their study had a significantly reduced in-hospital and 
long-term mortality rate in MICS-AVR patients. Our results show that there was 
no hospital death in all patients to be compared and the mid-term mortality 
rates were similarly low in both groups, therefore they did not lead to a signifi-
cant difference. MICS-AVR is technically difficult because of the narrow surgical 
field compared to conventional AVR. It is important to perform MICS-AVR af-
ter becoming familiar with conventional AVR. We limited the operators of 
MICS-AVR to the two superiors in our facility. The operator selection may in-
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fluence the results such as aortic cross-clamp time and operation time in our 
study. And the limitation of this study is the fact that it is a retrospective, small 
number and single institution experience. In addition, our results are not 
enough to produce statistically significant differences. Based on these study li-
mitations, we will make future investigations. 

MICS-AVR with partial sternotomy is regarded as one of the approaches to 
aortic valve surgery, and is expected to change with the spread of new devices, 
sutureless and rapid deployment aortic valves in the near future. It is important 
that MICS-AVR can be performed safely and effectively, and the early and 
long-term results are acceptable. 

5. Conclusion 

We conclude that MICS-AVR with partial lower sternotomy can be performed 
safety and effectively, and the early and mid-term results are acceptable. 
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