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Background: To compare surgical outcomes after mitral valve replacement via either minimally invasive 
thoracoscopic (MIs) or traditional median sternotomy (MS) surgery and determine the short- and mid-term 
clinical outcomes of the MI approach.
Methods: All patients who received either MIs (n=405) or MS (n=691) mitral valve replacement surgery 
at the Guangdong Cardiovascular Institute between January 2012 and July 2015 were analyzed for outcome 
differences due to surgical approach using propensity score matching. The best 202 matches from the 
MI group and the MS group were analyzed. The clinical data of the two groups were collected, including 
preoperative cardiac function, operative data, postoperative complications, and follow-up.
Results: A final total of 404 patients were included in this study after propensity score matching; the 
MIs group and the MS group each contained 202 patients. The two groups were similar in age, weight, 
pathological changes, and surgical approach. Compared with the MS group, the MIs group had a longer 
cardiopulmonary bypass time (P<0.001), aortic cross-clamping time (P<0.001), and total procedure time 
(P<0.001). There were no significant differences between the groups regarding in-hospital mortality, stroke, 
pneumonia, acute renal failure, arrhythmia, and chylothorax. The MS group had significantly more patients 
with poor wound healing than the MIs group (P=0.004). The MI group had a lower rate of transfusion 
(P=0.037), shorter ventilation time (P=0.041), shorter ICU stay (P=0.033), reduced chest tube drainage 
and length of chest tube stay (P<0.001), and shorter hospital stay (P<0.001). There was no significant 
difference between the groups in hospital re-admission for bleeding, but the total hospitalization cost was 
higher in the MIs group (P=0.002). The mean follow-up was 26.59±12.33 months, the 1-year postoperative 
survival rate was 98.86%, and the overall survival rate was 97.44%. Compared with the MS group, the MIs 
group recovered earlier (P<0.05), and returned to work or study earlier (P<0.05). More patients in the MIs 
group were satisfied with the wound (P<0.001). The MS group had a higher incidence of postoperative 
osteomyelitis than the MIs group (P=0.028). There were no significant differences between groups in rates 
of mortality, stroke, pacemaker, reoperation, or 36-item Short Form Health Survey score.
Conclusions: Compared with the MS approach, the MIs method of mitral valve replacement has longer 
cardiopulmonary bypass time and aortic cross-clamp time; however, it does not increase the risk of mortality 
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Introduction

Cardiac surgery via median sternotomy (MS) as a 
conventional approach has its drawbacks including inevitable 
blood loss and transfusion, unbearable postoperative 
pain, and a long period of time for recovery (1). In order 
to improve postoperative outcomes, minimally invasive 
approaches including via an upper and lower incision on 
the sternum and via left and right anterolateral incisions 
have been performed (2,3). Compared to conventional MS, 
these minimally invasive approaches reduce trauma to the 
sternum but still require exposure of the ascending aorta 
and the superior and inferior vena cava (IVC) to establish 
the central cardiopulmonary bypass (CPB), which limits 
further minimization of invasiveness in cardiac surgery.

With the innovation of the port access approach in the 
late 1990s, the success of the first thoracoscopic-assisted 
minimally invasive mitral valve (MV) surgery via a small 
right anterolateral incision had shown that minimally 
invasive thoracoscopic cardiac surgery with peripheral CPB 
was as feasible, safe, and effective as the conventional MS 
approach (2,4-8). However, performing a thoracoscopic 
cardiac surgery usually meant the surgeon was limited to a 
very narrow surgical field with poor exposure and required 
the use of long-shafted endoscopic instruments, which 
markedly increased the learning difficulty and learning 
curve (9,10). Furthermore, early research showed that the 
CPB time and aortic cross-clamping time in minimally 
invasive thoracoscopic cardiac surgery was significantly 
longer than that in MS, and the risk of stroke was higher in 
the minimally invasive group (11-13).

In this study, propensity score matching (PSM) was used 
to enable proper comparative retrospective analysis of the 
data from patients who underwent MV replacement (MVR) 
surgery via minimally invasive thoracoscopy versus those 
who underwent traditional MS, to determine and compare 
the short-term mortality and long-term post cardiac surgery 

outcomes of these two approaches. This study was aimed 
to evaluate the safety and efficacy of thoracoscopic cardiac 
surgery and provide guidance for surgeons who intend to 
perform thoracoscopic cardiac surgery in China.

Methods

Patients

From January 1st, 2012 to June 30th, 2015, a total of 1,096 
patients who underwent MVR surgery concomitant 
with tricuspid valve surgery or atrial fibrillation ablation 
therapy in the Department of Cardiovascular Surgery 
of Guangdong Cardiovascular Institute were analyzed. 
Patients undergoing other concomitant procedures such as 
aortic surgery, aortic valve replacement, or coronary artery 
bypass graft were excluded. Patients who were younger than 
18 years old, or undergoing a second MVR or conversion 
to MVR from a mitral valvuloplasty procedure were also 
excluded. Emergency surgery cases were also excluded from 
this study. Of the 1,096 patients, 405 were operated on with 
a minimally invasive surgery of the MVR (MIs-MVR), and 
691 cases were operated on with MS-MVR.

The primary outcome was a composite end point 
consisting of all important adverse events, including 30-day 
mortality, stroke, aortic dissection, perioperative myocardial 
infarction, new atrial fibrillation, intraoperative conversion 
to sternotomy, re-exploration for bleeding, and low-cardiac-
output syndrome with necessity for intra-aortic balloon 
pump. Follow-up vital status was obtained by telephone or 
routine clinic visit. The 36-item Short Form Health Survey 
was used for the last follow-up.

Surgical technique

Minimally invasive thoracoscopic MVR surgery 
CPB was instituted via femoral arterial and venous 

and complications. Furthermore, MIs causes less trauma, fewer transfusions, less wound infection, faster 
recovery, faster return to work or study, and greater satisfaction with the incision in the mid-term. MI cardiac 
surgery is safe, effective, and feasible.
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cannulation through a 2–3 cm transverse incision in the 
right groin. Retrograde perfusion was performed through 
the right femoral artery (18–24 Fr). The tip of the venous 
cannula was positioned in the IVC (22–28 Fr), and then a 
second venous cannula was inserted percutaneously through 
the right internal jugular vein and positioned in the superior 
vena cava (SVC) (16–18 Fr). Patient temperature was cooled 
to 34 ℃, and vacuum-assisted CPB was used throughout the 
procedure. 

The surgical approach was performed via two ports in 
the right chest (Figure 1).
Main port
A right lateral mini-thoracotomy, about 3.5–4.0 cm in 
length, was performed in the 4th intercostal space; the 
specific size should be sufficient for the artificial valve to be 
passed through. For male patients, the incision was placed 
just below and lateral to the nipple, and for female patients, 
the incision was placed in the sub-mammary crease. A small 
tissue retractor was utilized to protect the incision.
Thoracoscopic port
A video camera was inserted through a 10-mm port in 
the 4th intercostal space in the proximal midaxillary line. 
A transthoracic Chitwood aortic cross-clamp and a left 
ventricular (LV) vent were also inserted through this port. 

Antegrade crystalloid Bretschneider cardioplegia (2:l) 
was administered directly into the aortic root, and then 
continued for 90–120 min if necessary. The surgical field 
was flooded with CO2 through the camera port throughout 
the procedure. The pleura should be opened after the 
patient is placed on CPB. The left atrium was opened 
posterior to the interatrial groove. A left atrial retractor 
was used to expose the MV. Specialized long-shafted 

surgical tools were utilized for tissue handling and suturing. 
Standard MV replacement was performed under totally 
endoscopic vision. Concomitant tricuspid valvuloplasty 
could be performed by blocking the SVC and the LV 
compliance (LVC) through the right atrium. Deairing 
was performed via a left ventricle drainage tube and the 
cardioplegia puncture site on the ascending aorta.

Intraoperative transesophageal echocardiography was 
used to determine the immediate results of the replacement 
and check for perivalvular leakage and residual bubble. 
If the outcome was satisfactory and there was no active 
bleeding at the incisions, the pericardium was closed with 
interrupted sutures, and the incisions were sutured using 
the thoracoscope. CPB should be stopped after the central 
temperature returns to normal. Two-lung ventilation was 
then conducted, and a thoracic drainage tube was placed 
through the camera port. 

Traditional MS-MVR 
A standard sternal median incision was performed, generally 
about 22–26 cm in length from a point 1–2 cm below the 
fossa suprasternalis to the xiphoid. A sternal retractor was 
used to expose the mediastinum, and the pericardium was 
opened to expose the heart under direct vision. CPB was 
established by ascending aortic cannulation, and superior 
and IVC cannulation. A drainage tube was placed in the 
left superior pulmonary vein for a better surgical field. 
Myocardial protection was performed as above, and ice 
water was poured into the pericardium. Standard MVR was 
performed through the interatrial groove, and concomitant 
tricuspid valvuloplasty was performed as necessary. 
Two drainage tubes were placed in the pericardium and 

Figure 1 Two ports surgical approach of minimally invasive thoracoscopic mitral valve replacement surgery. LA, left atrium.
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mediastinum before the sternum was closed.

Statistical analysis

In this study, PSM was used to reduce the effect of potential 
confounding factors in observational study. The PSM was 
performed by matching patients in the two groups at a 
1:1 ratio, without replacement, by the nearest neighbor 
technique. PSM was performed with age, sex, LV ejection 
fraction (LVEF), pulmonary artery pressure, Euroscore 
II value, type of lesion, and surgical technique as the 
observation indicators, and using SPSS 21.0 software (IBM, 
Armonk, NY, USA). This resulted in 404 matched cases: 
202 in the MIs group, and 202 in the MS group. The 
criterion for matching pairs used a caliper width equal to 
0.2 of the pooled SD of the logit of propensity score. After 
matching, there was no significant difference between the 
two groups in New York Heart Association (NYHA) cardiac 
function classification, valvular lesion type, or surgical 
technique (all P>0.05, Table 1).

Normal distributed continuous variables are expressed 
as the mean ± standard deviation, and categorical variables 
as proportions throughout this study. Continuous variables 
were analyzed using the Student’s t-test or the Mann-
Whitney U test of two independent samples. Categorical 
variables were analyzed using the χ2 test. Survival curves 
were analyzed with Kaplan-Meier actuarial methods, 
and log-rank was used to detect the differences between 
groups. All tests were two-tailed, and P values <0.05 
were considered significant. SPSS 21.0 software was used 
for the statistical analyses, and the follow-up data were 
recorded using EpiData software (Version 3.1, Odense,  
Denmark, 2004). 

Results

MVR surgery was successfully completed in the two 
matched groups of patients, with no cases of surgical 
failure. There was no intraoperative conversion to median 
thoracotomy surgery in the MIs group. Compared with 
the MS group, the MIs group had significantly longer 
CPB time, aortic cross-clamping time, and operation 
time (P<0.001), but a significantly lower intraoperative 
transfusion rate and fewer transfusion units (both P<0.05, 
Table 2).

The early postoperative data showed that the MS group, 
when compared with the MIs group, had a significantly 
longer length of ventilation and ICU stay, significantly 

increased chest tube drainage, significantly increased 
postoperative transfusion rate and volume, significantly 
longer duration of chest tube drainage and postoperative 
hospital stay, and significantly increased total hospitalization 
cost (all P<0.05, Table 3). However, there was no significant 
difference between groups in the need for re-exploration for 
bleeding and postoperative LVEF. There was no significant 
difference between the two groups in the morbidity rate of 
in-hospital death, stroke, pulmonary infection, arrhythmia, 
acute renal failure, or chylothorax, but the MS group had 
a significantly increased incision infection rate (P=0.004), 
and a significantly higher morbidity rate of all the early 
postoperative complications (P=0.038, Tables 3,4).

In this study, 8 patients died during early postoperative 
hospitalization (3 in the MIs group and 5 in the MS group). 
Cause of death in the MIs group was stroke, lung infection, 
and disseminated intravascular coagulation (n=2); and 
pulmonary infection and malignant arrhythmia (n=1). In the 
MS group, cause of death was stroke, pulmonary infection 
and multiple organ failure (n=2); low cardiac output 
syndrome and malignant cardiac arrhythmia (n=1); and 
pulmonary infection and renal failure (n=2).

Telephone or outpatient follow-up was conducted for 
a total of 396 patients (199 in the MIs group, and 197 in 
the MS group) who were discharged from the hospital  
6–48 months postoperatively, with an average follow-
up period of 26.59±12.33 months. There was a total of 
361 valid follow-ups, with 35 patients being unable to be 
followed up due to change of contact information (16 in the 
MIs group and 19 in the MS group); the withdrawal rate 
was 8.84%.

Nine patients (2.27%) died during follow-up. In the MIs 
group, 2 patients died of stroke and pulmonary infection, 
1 died of malignant cardiac arrhythmia, and 1 died of 
unknown causes. In the MS group, 2 patients died from 
stroke, 2 died from renal failure and pulmonary infection, 
and there was 1 case of sudden death for unknown reasons. 
A comparison of Kaplan-Meier survival curves (Figure 2) 
and log-rank testing showed no significant difference in 
survival between the two groups (P=0.836). There was no 
significant difference between the two groups in the rate of 
reoperation, the need to install a permanent pacemaker, or 
the incidence of stroke (Table 5). Postoperative mediastinal 
infection was significantly higher in the MS group than in 
the MIs group (P=0.028, Table 5). There was no significant 
difference between the two groups in terms of postoperative 
ability to perform self-care, the ability to resume work 
or study, or NYHA classification (Table 6). However, in 
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Table 1 Baseline characteristics of mitral valve replacement patients

Variables MIs group (n=202) MS group (n=202) t/U/χ2 value P value

Age (years) 50.57±11.78 50.96±11.21 0.344 0.731

Gender (M/F) 71/131 69/133 0.044 0.834

BMI (kg/m2) 21.62±3.21 21.63±3.07 0.047 0.963

Hypertension, n (%) 15 (7.43) 13 (6.44) 0.153 0.695

Diabetes, n (%) 9 (4.46) 12 (5.94) 0.452 0.501

COPD, n (%) 6 (2.97) 6 (2.97) – 1.000

Coronary heart disease, n (%) 7 (3.47) 2 (0.99) 2.841 0.092

Atrial fibrillation, n (%) 104 (51.49) 95(47.03) 0.802 0.370

History of stroke, n (%) 12 (5.94) 15 (7.43) 0.357 0.550

Renal insufficiency, n (%) 5 (2.48) 5 (2.48) – 1.000

Creatinine (μmol/L) 79.01±31.07 84.20±90.36 −0.772 0.441

NYHA Classification, n (%) 0.213 0.899

Level II 149 (73.76) 146 (72.28)

Level III 50 (24.75) 52 (25.74)

Level IV 3 (1.49) 4 (1.98)

Euroscore II value (%) 1.29±0.62 1.39±0.72 −1.606 0.109

Pulmonary artery pressure (mmHg) 49.70±18.03 51.65±19.85 −1.034 0.302

Preoperative cardiac ultrasonography

LA (mm) 54.32±11.88 52.96±11.49 1.17 0.242

RV (mm) 53.02±6.72 52.75±6.71 0.407 0.684

LVDd (mm) 49.92±9.65 50.57±10.12 −0.664 0.507

LVDs (mm) 32.08±7.24 32.49±7.48 −0.558 0.577

LVEF (%) 62.63±7.41 63.02±8.35 −0.503 0.615

Valvular disease, n (%)

Mitral stenosis 5.032 0.169

None 69 (34.16) 68 (33.66)

Mild 4 (1.98) 13 (6.44)

Moderate 26 (12.87) 24 (11.88)

Severe 103 (50.99) 97 (48.02)

Mitral valve regurgitation 0.890 0.824

None 29 (14.36) 29 (14.36)

Mild 31 (15.35) 38 (18.81)

Moderate 28 (13.86) 27 (13.37)

Severe 114 (56.44) 108 (53.47)

Table 1 (continued)
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the early postoperative period, the MIs group took a 
significantly shorter length of time to resume self-care 
and work or study than the MS group (all P<0.05, Table 6). 
Long-term follow-up found that there was a significantly 
greater proportion of patients in the MIs group who were 
satisfied with the incision compared with the MS group 
(P<0.001, Table 6). There was no significant difference 
between the two groups in all items of the 36-item Short 
Form Health Survey (SF-36) (Table 7).

Discussion

In the past few decades, minimally invasive methods of 
cardiac surgery have continuously developed and improved, 

with thoracoscopic cardiac surgery technology advancing 
accordingly (14). Traditional MS cardiac surgery now 
provides good surgical vision and outcomes (15-17); 
however, it requires that the sternum be completely sawed 
through which damages sternal integrity, increases bleeding 
and postoperative pain, can potentially cause the creation 
of a hernia under the xiphisternum or mediastinal infection, 
and leaves residual permanent steel wire (15-17). Cardiac 
surgery via MIs could potentially have better outcomes 
than traditional MS; however, it is still unclear which of the 
two approaches is superior. MIs requires specialized long-
shafted instruments, and visualization via video-assisted 
thoracoscopy is different from traditional approaches. It is 
also unclear whether the prolonged CPB and aortic cross-

Table 1 (continued)

Variables MIs group (n=202) MS group (n=202) t/U/χ2 value P value

Tricuspid regurgitation 6.643 0.084

None 20 (9.90) 8 (3.96)

Mild 35 (17.33) 46 (22.77)

Moderate 74 (36.63) 75 (37.13)

Severe 73 (36.14) 73 (36.14)

Type of surgery, n (%) 0.384 0.536

MVR 14 (6.93) 11 (5.45)

MVR + TVP 188 (93.07) 191 (94.55)

Values are expressed as the mean ± standard deviation or n (%). COPD, chronic obstructive pulmonary disease; NYHA, New York Heart 
Association; MIs, minimally invasive thoracoscopic surgery; MS, median sternotomy; BMI, body mass index; LA, left atrium; RV, right 
ventricle; LVDd, left ventricular end diastolic diameter; LVDs, left ventricular end systolic diameter; LVEF, left ventricular ejection fraction; 
MVR, mitral valve replacement; TVP, tricuspid valvuloplasty.

Table 2 Intraoperative data during mitral valve replacement

Variables MIs group (n=202) MS group (n=202) t/U/χ2 value P value

Cardiopulmonary bypass time (min) 145.97±34.65 92.24±25.58 17.73 <0.001

Aortic cross-clamping time (min) 93.89±25.25 56.42±18.09 17.15 <0.001

Total procedure time (min) 237.49±47.48 217.31±55.95 3.909 <0.001

Intraoperative transfusion, n (%) 47 (23.27) 77 (38.12) 10.47 0.002

RBCs (mL) 74.01±231.27 132.18±289.67 −2.23 0.026

Plasma (mL) 50.50±146.69 99.01±164.59 −3.13 0.002

Fresh frozen plasma (U) 0.52±2.23 0.60±2.48 −0.338 0.735

Platelets (U) 0.04±0.22 0.04±0.20 – 1.000

Data are expressed as the mean ± standard deviation or n (%). MIs, minimally invasive thoracoscopic surgery; MS, median sternotomy; 
RBCs, red blood cells.
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clamping time in thoracoscopic surgery would increase 
the short- and long-term mortality, stroke, and other 
complications (13). Hence, further research is warranted 
to determine the safety and efficacy of minimally invasive 
thoracoscopic cardiac surgery.

A prospective controlled study of 40 cases of cardiac 
surgery via thoracoscopy versus MS found no significant 
difference between the two groups in surgical mortality (18). 
Similarly, in the present study, although the MIs group had 
significantly longer CPB time, aortic cross-clamping time, 
and total procedure time than the MS group, there was no 
significant difference between the two groups regarding in-

hospital mortality rate. 
Whether thoracoscopic cardiac surgery increases the 

risk of stroke and other complications compared with 
conventional sternotomy remains controversial. In order 
to facilitate a better venous drainage and a clear surgical 
field, thoracoscopic cardiac surgery requires cannulations 
of both the right internal jugular vein and the femoral 
vein along with single-lung ventilation during procedure. 
Cheng et al. (12) reported that minimally invasive MV 
surgery significantly increased the postoperative stroke 
rate. However, a meta-analysis of 14,390 cases of cerebral 
embolism after minimally invasive or median thoracotomy 

Table 3 Early postoperative data after mitral valve replacement

Variables MIs group (n=202) MS group (n=202) t/U/χ2 value P value

Length of ventilation (h) 15.29±11.45 21.34±40.36 −2.051 0.041

ICU stay (h) 44.12±39.51 61.15±106.01 −2.140 0.033

Chest tube drainage (mL) 404.11±485.84 674.82±585.37 −5.058 <0.001

Re-exploration for bleeding, n (%) 6 (2.97) 4 (1.98) 0.410 0.751

Postoperative blood transfusion, n (%) 49 (24.26) 68 (33.66) 4.343 0.037

RBCs (mL) 118.81±317.71 190.59±379.13 −2.062 0.040

Plasma (mL) 39.36±124.78 62.62±147.62 −1.711 0.088

Fresh frozen plasma (U) 0.77±2.75 0.76±2.92 0.035 0.972

Platelets (U) 0.05±0.24 0.05±0.28 0.096 0.924

Length of chest drainage tube stay (d) 2.59±1.75 4.25±1.91 −9.120 <0.001

Postoperative hospital stay (d) 5.64±3.07 11.44±6.71 −5.96 <0.001

Total hospitalization expense (RMB) 97,821.70±33,489.17 87,745.20±32,998.65 3.046 0.002

All early complications, n (%) 23 (11.39) 39 (19.31) 4.878 0.038

Data are expressed as the mean ± standard deviation or n (%). MIs, minimally invasive thoracoscopic surgery; MS, median sternotomy; 
RBCs, red blood cells.

Table 4 Major early postoperative complications after mitral valve replacement

Variables MIs group (n=202) MS group (n=202) χ2 value P value

Mortality, n (%) 3 (1.49) 5 (2.48) – 0.724

Stroke, n (%) 2 (0.99) 4 (1.98) – 0.685

Pulmonary infection, n (%) 5 (2.48) 7 (3.47) 0.344 0.771

Incision infection, n (%) 3 (1.49) 16 (7.92) – 0.004

Acute renal failure, n (%) 0 (0.00) 3 (1.49) – 0.248

Arrhythmia, n (%) 5 (2.48) 7 (3.47) 0.344 0.771

Chylothorax, n (%) 8 (3.96) 4 (1.98) – 0.380

Data are expressed as the mean ± standard deviation or n (%). MIs, minimally invasive thoracoscopic surgery; MS, median sternotomy.
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MV surgery showed that there was no significant difference 
between the groups in the rate of cerebral embolism (19). 
In order to prevent perioperative stroke in the study, the 
following measures were used during thoracoscopic cardiac 
surgery: (I) high flow of CO2 administered before incising 
the left atrium, and a continuous low flow of CO2 used in 
the chest intraoperatively; (II) active sucking of the aorta 
via cardioplegia puncture before clamp-off and no residual 
gas confirmed by transesophageal echocardiography before 
weaning of CPB; (III) preoperative computed tomography 
angiography of the chest and abdominal blood vessels 
conducted in patients aged >70 years. 

In this study, MVR was successfully completed in 
all cases in the MIs group, and there was no significant 
difference between the two groups in stroke, lung infection, 
and other complications. Moreover, the morbidity of all 
postoperative complications was significantly lower in the 
MIs group compared to the MS group.

Minimally invasive thoracoscopic cardiac surgery may 

potentially have benefits over traditional thoracotomy. 
Thoracoscopic cardiac surgery is conducted through a 
small incision on the right chest, which does not damage 
the median sternum and thus greatly reduces the degree of 
surgical trauma compared with conventional sternotomy. 
The intercostal port and tissue retractor markedly reduce 
the damage and pain caused to the surrounding muscle 
tissues (20). The applications of a high-resolution graphic 
system and 10 mm camera lens enable a more precise and 
clearer surgical vision, which provides better observation of 
intraoperative bleeding and allows more accurate operation. 
Therefore, it reduces transfusion rate and transfusion-
related complications, postoperative chest tube drainage, 
and length of chest tube drainage stay (18,19). In this study, 
the MIs group had significantly less chest tube drainage, 
shorter stay of chest tube drainage, a lower rate of intra- 
and postoperative transfusion, and a lower transfusion 
volume than the MS group.

Minimally invasive thoracoscopic cardiac surgery 
improves early postoperative recovery compared with MS. 
Thoracoscopic cardiac surgery maintains the integrity and 
stability of the thorax and decreases the early postoperative 
incision pain compared with the MS approach. Minimally 
invasive thoracoscopic cardiac surgery is also conducive 
to early postoperative respiratory function recovery and 
shortens the ventilation time and ICU stay. In addition, 
earlier postoperative off-bed activity is conducive to 
gastrointestinal motility and reduces the incidence of 
postoperative complications related to long-term rest in 
bed (12,19,20). Wang et al. (20) reported that patients 
who underwent thoracoscopic surgery had significantly 
shorter ventilation time compared with the MS group, and 
that the duration of postoperative recovery until normal 
activity was 6 weeks after thoracoscopic surgery versus  
10 weeks after MS. Similarly, Iribarne et al. (19) reported 
that thoracoscopic patients resumed postoperative standing 
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Figure 2 Kaplan-Meier survival curve and log-rank test results 
of the two groups after mitral valve replacement. MIs, minimally 
invasive thoracoscopic surgery; MS, median sternotomy.

Table 5 Major complications during follow-up after mitral valve replacement

Variables MIs group (n=183) MS group (n=178) P value

Death, n (%) 4 (2.19) 5 (2.81) 0.748

Reoperation, n (%) 1 (0.55) 2 (1.12) 0.619

Mediastinal infection, n (%) 0 (0.00) 5 (2.81) 0.028

Permanent pacemaker implantation, n (%) 1 (0.55) 3 (1.69) 0.366

Stroke, n (%) 2 (1.09) 3 (1.69) 0.681

Data are expressed as n (%). MIs, minimally invasive thoracoscopic surgery; MS, median sternotomy.



Annals of Translational Medicine, Vol 7, No 14 July 2019 Page 9 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(14):341 | http://dx.doi.org/10.21037/atm.2019.07.07

and walking after a significantly shorter period than the 
MS group. In this study, the length of ventilation, ICU 
stay, and postoperative hospital stay in the MIs group 
were significantly shorter than those in the MS group. 
Postoperatively, most patients in both groups resumed self-
care and had improved heart function, but the time taken 
for MIs patients to resume self-care, work, or study was 
significantly shorter compared with MS patients, and the 

rate of resumption of work or study reached up to 60% at  
6 weeks postoperatively. Hence, thoracoscopic cardiac 
surgery reduced medical costs and provided social and 
economic benefits.

To obtain a more objective assessment of the long-
term effects of the two surgical methods, 352 patients in 
the present study completed the SF-36. The SF-36 results 
showed no significant differences between the two groups 

Table 6 Follow-up data after mitral valve replacement

Variables MIs group (n=179) MS group (n=173) t/U/χ2 value P value

Life self-care, n (%) 175 (97.77) 170 (98.27) 0.113 0.737

Time to resume life self-care (w) 1.28±0.59 2.02±0.41 −13.44 <0.001

Work or study, n (%) 119 (66.48) 116 (67.05) 0.130 0.909

Time to resume work or study (w) 5.11±1.03 7.54±0.93 −19.01 <0.001

Work or study for 42 days, n (%) 108 (60.33) 17 (9.83) 98.002 <0.001

Incision pain, n (%) 3 (1.68) 9 (5.20) – 0.082

Incision satisfaction survey, n (%) 199.64 <0.001

Satisfied 164 (91.62) 29 (16.76)

Not satisfied 6 (3.35) 35 (20.23)

Don’t care 9 (5.03) 109 (63.01)

Cardiac function class (NYHA), n (%) 4.285 0.232

Class I 110 (61.45) 119 (68.79)

Class II 60 (33.52) 49 (28.32)

Class III 9 (5.03) 4 (2.31)

Class IV 0 (0.00) 1 (0.58)

Data are expressed as the mean ± standard deviation or n (%). MIs, minimally invasive thoracoscopic surgery; MS, median sternotomy; 
NYHA, New York Heart Association.

Table 7 Results of the 36-item Short Form Health Survey after mitral valve replacement

Variables MIs group (n=179) MS group (n=173) t/U/χ2 value P value

Physiological mechanism 28.59±1.34 28.72±1.15 −0.975 0.330

Physiological function 7.86±0.82 7.97±0.54 −1.425 0.158

Body pain 11.62±0.39 11.57±1.19 0.391 0.453

Overall health 18.38±1.99 18.67±1.47 −1.56 0.121

Energy 17.89±1.53 18.15±1.43 −1.589 0.113

Social function 10.17±1.06 10.37±0.92 −1.905 0.058

Affection function 6.02±0.24 6.01±0.23 0.202 0.840

Mental health 22.87±1.68 23.08±1.17 −1.397 0.166

Data are expressed as the mean ± standard deviation. MIs, minimally invasive thoracoscopic surgery; MS, median sternotomy.
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in physical and psychological status. 
Serious complications after thoracoscopic cardiac 

surgery reported no difference to those found after 
median thoracotomy. Iribarne et al. (21) reported a study 
of 764 follow-up patients who underwent cardiac surgery 
via minimally invasive surgery versus MS and found no 
significant difference between the two groups in short- and 
long-term survival, with a mean survival of more than 85% 
after 4 years. Cheng et al. (12) reported a low morbidity 
of postoperative mediastinal infection for patients who 
underwent MIs. In this study, over an average follow-
up period of 6–48 months, the 1-year survival rate was 
98.86% (348/352), and the overall survival rate was 97.44% 
(343/352); there was no significant difference between 
the two groups in survival. There was also no significant 
difference between the two groups in rates of mortality, 
reoperation, stroke, or permanent pacemaker implantation; 
however, the MS group had a significantly higher rate of 
mediastinal infection.

In the early postoperative period, the use of a 
thoracoscopic port reduced the incidence of poor wound 
healing, reduced scarring, and increased the concealment of 
the incision. Casselman et al. (22) investigated 187 patients 
who underwent minimally invasive MV surgery and found 
that 98% of patients were satisfied with the cosmetic 
outcome of the surgical incision. Among the 352 patients 
surveyed in this study, the incidence of early poor incision 
healing was significantly lower in the MIs group, and 
significantly more MIs patients were very satisfied with the 
appearance of the incision compared with the MS patients.

In conclusion, minimally invasive thoracoscopic cardiac 
surgery does not significantly increase mortality rate, stroke, 
or other complications in the short- and long-term, and 
there is no difference in the long-term cardiac function or 
quality of life compared with the traditional MS approach. 
In addition, thoracoscopic cardiac surgery results in 
minimal trauma, quick recovery, less blood transfusion, and 
superior aesthetic outcome. Thoracoscopic cardiac surgery 
is safe, effective, and feasible compared with traditional MS.
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