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ABSTRACT 

Background: Minimal invasive mitral valve surgery gained wide acceptance. However, criticism continuous about its ability to 
replace the conventional full sternotomy technique. 

Aim of the work: The study aimed to compare between the full sternotomy and less invasive approaches for mitral valve 
surgery. 

Patients and Methods: The study recruited 100 patients. They were allocated to one of two equal groups [the traditional and 
minimal invasive approach]. All patients were thoroughly evaluated by history taking, physical examination, laboratory 
and ancillary radiological investigations. Assessment included incision length, weaning events, aortic cross clamp 
time, total bypass and operative times, rate of conversion from minimally invasive technique to full sternotomy. In 
surgical intensive care unit, ventilation hours, post-operative pain and need for analgesia, re-exploration for bleeding, 
blood loss and blood transfusion, and any complications were documented. 

Results: Preoperative New York Heart Association [NYHA] class was significantly different between groups A and B. But, no 
significant difference was reported for patient demographic or preoperative data. The incision length and cross clamp 
time was shorter in A than B group [6.56±1.88 cm, 61.78±35.91 minutes’ vs 12.54±1.78 cm, and 78.08±36.24 
minutes, respectively]. Otherwise, the cannulation, bypass, operative times were significantly longer among group A. 
The ventilation, ICU stay, hospital stay, bleeding, serum creatinine and pain scores were significantly lower among 
group A. the postoperative events were comparable between both groups with slight increase of neurological events in 
A group [3 cases] than B group [2 cases]. At 6 months, both groups yielded non-significant difference, regardless of 
better outcome at direct postoperative time. 

Conclusion: Minimal invasive mitral valve surgery had a good short and mid-term outcome as the conventional sternotomy 
approach. It could replace the conventional approach as a gold-standard for mitral valve surgery.   
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INTRODUCTION 

Surgery for mitral valve disease has evolved and a 
continuous rapid advancement is still enriching the field [1]. 
The median sternotomy has been the standard approach 
used in valve repair or replacement [2]. However, the full 
sternotomy technique has been criticized for incision length, 
post-operative pain and possible postoperative comorbidities 
like wound infection and hemodynamic instability [3]. Thus, the 
minimally invasive mitral valve approach [mini-MVR] has 
gained wide acceptance and popularity. Many single center 
studies reported excellent outcome for mini-MVR. However, 
data are limited regarding real-world outcomes and costs [4-6]. 
Any operation uses a chest wall incision other than the 
standard median sternotomy is categorized as minimally 
invasive surgery. Right mini-sternotomy, robot-assisted right 
thoracic incision and partial sternotomy are examples of 
different incisions for minimally invasive surgery [7].  

The Mini-MVR surgery has been considered as a 
reasonable substitute to the traditional full sternotomy method 
with lower perioperative comorbidity and mortality. The 
rationale about the wide adoption of mini-MVR were the 
minimization of the surgical trauma, hastens the patient 
recovery, increasing patient satisfaction, and reducing the 
cost, without compromise of the valve repair or replacement 
approaches [8]. Techniques of mini-MVR aimed at reducing 
the complications of currently used large incisions, such as 
bleeding, pain, and risk of infection [9]. Furthermore, the Mini-
MVR approach showed high efficacy, satisfactory clinical 
outcome, better surgical field vision and surgical precision 
due to absent cannulae. In patients with chronic obstructive 
pulmonary disease [COPD], there is a high risk of sternotomy 
dehiscence; the sternum preservation conserves the 
breathing mechanics; the midline sternotomy approach is 
easily adopted by the most surgeons. There is no need for 
special instrumentation or a struggle for the depth of the 
operative field [10]. The principle goal of mini-MVR is 
performing the surgery with the same quality reported in 
traditional mitral valve surgery [through a median sternotomy] 
and without patient exposure to a higher risk [11].  

AIM OF THE WORK 

The current prospective study aimed to address a 
comparison between the traditional median sternotomy 
versus less invasive [mini-thoracotomy] approach in patients 
with mitral valve disease. 

PATIENTS AND METHODS 

This prospective comparative observational study 
recruited 100 patients who have submitted to elective first 
mitral valve operations. They were allocated to one of two 
equal groups [the traditional and minimal invasive approach]. 

Randomization was done immediately before the beginning of 
the operation so that group allocation was blinded to the 
patient. It was achieved by opening a closed envelope, 
containing a previously allocated letter indicating the surgical 
approach. Group [A] included 50 patients who have 
undergone a mitral valve surgery by minimal invasive surgery 
via the right anterolateral mini-thoracotomy. While group [B] 
included 50 patients who have undergone valve surgery by 
the standard full median sternotomy.  

Participants were recruited between 14 January 2017 and 
10 July 2020, at Benha University Hospital, Cardiac Surgery 
Unit in Nasser Institute, and EL-Sheikh Zayed Hospital. The 
study included patients who came for the first-time cardiac 
surgery with isolated mitral valve disease either stenosis or 
regurge. However, exclusion criteria included other cardiac 
conditions [e.g., ischemic or congenital heart diseases, 
diseases of the ascending aorta and diseases of other valves 
requiring intervention], chest abnormalities [e.g., pectus 
exacavatum or scoliosis], low ejection fraction [< 40.0%], 
obesity [patients with body mass index more than or equal to 
30 kg/m2], poor pulmonary functions, huge left atrial 
dimension, previous chest trauma, thoracic surgery or 
pleurodesis, and peripheral vascular diseases. 

Ethical considerations: The study was approved by the 
institutional review board [IRB] for research ethics, Damietta 
Faculty of Medicine, Al-Azhar University, Egypt [IRB 
000123467-16-09-004]. A written informed consent was 
obtained from the patients or their relatives prior to admission 
with full explanation of the methodology used. The IRB 
approved the study and waived patient consent. 

Methodology 

All patients were evaluated preoperatively, intra- and post-
operatively, and at the end of follow up time [6 months]. 
Preoperatively, a full history taking, clinical examination, 
laboratory, radiological, a twelve-lead electrocardiogram 
[ECG] was completed to all patients. In addition, an M-mode 
two dimensional with Doppler echocardiography and 
pulmonary functions were done for all participants.  

The intraoperative evaluation included assessment of skin 
incision length, weaning events [inotropic support, DC shock], 
aortic cross clamp time, total bypass time, total operative 
time, and rate of conversion from minimally invasive 
technique to full sternotomy. In addition, all patients have 
been evaluated thoroughly during their intensive care unit 
stay for ventilation hours, post-operative pain and need for 
analgesia, re-exploration for bleeding, post-operative blood 
loss and blood transfusion.  

Finally, the postoperative evaluation included chest X-ray 
[CXR], echocardiography, pulmonary function tests, 
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measurement of patient satisfaction and pain scoring. In 
addition, morbidity and mortality were document. The 
morbidity included wound infection, developed arrhythmias, 
complication of femoral area, and lung collapse, and total 
hospital stay was determined. The six-months follow up 
included clinical evaluation for wound pain, scar, discharge, 
and disfigurement. Also, patient satisfaction, life style and 
daily activity were evaluated and documented. 

The following definitions were used in the current work; in-
hospital mortality describes all deaths occurred within 30 days 
of surgery regardless the site of death [12]. The diagnosis of 
stroke was confirmed on CT or MRI by a neurologist. Renal 
failure was defined as the need for hemodialysis or increased 
serum levels of creatinine [13]. Any complications of respiratory 
system were documented, e.g., infection, failure of ventilation, 
reintubation or tracheostomy. Obesity was defined as body 
mass index over 29.9 kg/m2 and graded according to the 
classification of the World Health Organization.  

The NYHA functional classification of dyspnea was used 
for dyspnea identification and classification. On CXR, a 
normal Cardio-Thoracic Ratio should be < 0.5-0.55. The 
closure time was set as the time extending between the end 
of cardiopulmonary bypass to the end of skin closure. The 
cardiopulmonary bypass time was defined as the time from 
skin incision to the beginning of bypass. Finally, the total 
duration of ICU and the hospital stay were documented [12]. 

Preoperative preparation and anesthetic technique: All 
patients received their morning dose of their cardiac drugs. A 
10 mg of intramuscular [IM] morphine sulphate was injected 
before the transfer to the operation room. In the preparation 
unit, a 14-gauge peripheral intravenous [IV] cannula was 
inserted under complete aseptic conditions. Sedation was 
achieved by 0.03-0.07 mg/kg midazolam. The radial artery 
[non-dominant] was cannulated by a 20-gauge artery cannula 
under local anesthesia. Two arterial blood samples were 
withdrawn; for baseline activated clotting time and arterial 
blood gas analysis. Monitoring started by five leads electro-
cardiogram [ECG], direct arterial blood pressure and pulse 
oximetry. The surgery was done under general anesthesia 
with common anesthetic technique and routine venous and 
arterial monitoring for both groups. The anesthetic maneuver 
was the same for all participants and consisted of Fentanyl 5-
10 μg/Kg, and endotracheal intubation was facilitated with the 
use of Pancuronium 0.02 mg/Kg. Additional dose of Fentanyl 
100-200 μg was administered if required. After full relaxation, 
oral intubation of the trachea was completed with an 
appropriate sized tube [double-lumen endotracheal tube was 
used in all patients by orotracheal intubation]. Anesthesia was 
maintained by isoflurane 0.5 -1.0% inhalation.  A triple lumen 
central venous catheter plus a single lumen one were inserted 
directly after induction. Intravenous access was achieved 
through the left internal jugular vein or left subclavian vein. 

Left radial arterial blood pressure monitoring was utilized. The 
probe of the transesophageal echo, a urethral catheter, 
nasogastric tube and a nasopharyngeal temperature probe 
were also inserted. Finally, two external defibrillator pads 
were positioned on the chest wall outside the surgical field. 

Surgical procedure 

In thoracotomy group [A], the patient was positioned in 
supine position, and a pillow under the right scapula was used 
to elevate the right hemithorax. A 30° left lateral position was 
instituted and the right arm was situated posteriorly. The right 
elbow was gently flexed, the right shoulder was abducted and 
the right forearm was fixed on the operation table to enable 
the right axillary midline exposure. The right scapula was 
supported by a sandbag-roller and the right buttock supported 
by another. The right hip was extended, and supported by a 
pillow. The chest, abdomen, and right groin were cleaned, 
and painted with iodine solution. Intraoperative trans-
esophageal echocardiography [TEE] was used to guide the 
positioning of IV cannulation and for accurate assessment of 
cardiac function and the heart de-airing. Surgical incision was 
created through the right sub-mammary line [between the 
sternum lateral border up to mid axillary line]. In female 
patients, breast tissue was smoothly mobilized to permit 
access to the thoracic cavity through the right 4th intercostal 
space. The pericardium was opened parallel and superior to 
the right phrenic nerve and retraction stitches were placed. 
Cardiopulmonary bypass was then established and after 
cooling, a long curved clamp was used to cross clamp the 
aorta and an aortic root cannula was used for delivery of 
blood cardioplegia. The interatrial groove was used to achieve 
the left atriotomy and the diseased valve was excised and 
replaced by a prosthetic valve through a continuous suture 
method. After positioning of the valve, left atriotomy was 
closed by a prolene [4-0] sutures and de-airing was achieved 
before the cross clamp removal. Weaning and de-cannulation 
were completed through a standard maneuver in both the 
groups, with proper hemostasis. A solution of protamine 
sulphate was used to reverse the action of heparin. The chest 
was closed in layers and two drain tubes were left in situ.  

For group B, the operative steps were the same as for 
group A except the approach, which was achieved through 
the standard median sternotomy. 

Perioperative management: Patients were monitored 
after surgery in the surgical ICU and moved to the surgical 
ward after hemodynamic stability. CXR and analysis of blood 
gases were done to rule out pulmonary comorbidities. A TTE 
was done before discharge, and at 6 months postoperatively 
to evaluate the postoperative status. Assessment of 
cosmosis, patient perception, pain and satisfaction were 
evaluated. Patients were electively ventilated up to the 
fulfillment of extubation criteria. Post-extubated patients were 
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moved to step down unit. Oral anticoagulation was prescribed 
just after removal of the drain, and consisted of 10 mg 
warfarin sulfate as a starting dose, followed by a daily dose of 
5 mg. Prothrombin time [PT] was measured after 72 hours of 
the first warfarin dose and the dose was titrated to keep INR 
within 3.0 to 3.5. The intravenous antibiotics were continued 
up to the 5th post-operative day, and then, there was a shift to 
oral antibiotics till patient discharge. 

Statistical analysis: SPSS version 26 for Windows was 
used for statistical analysis. Statistical analysis was 
performed between the two groups using the Mann–Whitney 
test for parametric data and Fisher's exact test for 
nonparametric data. Arithmetic mean and SD were 
calculated. T-test was used to compare values. The χ2-test 
was used for qualitative values. A significant difference was 
recorded if the P-value was less than or equal to 0.05.  

RESULTS 

Preoperatively, both groups were comparable regarding 
age, gender, associated medical conditions, atrial fibrillation, 
laboratory data, echocardiographic findings and valve lesions. 
However, Group-B had significant difference NYHA class than 
group-A [in group B, 0, 26, 22, and 2 patients had class I, II, 
III and IV respectively; while in group A, 6, 33, 9 and 2 had 
class I, II, III and IV respectively] [Table 1].  

The intraoperative findings revealed that, the minimal 
invasive group was associated with significantly shorter 
incision length, and lower cross clamp time. At the same time, 

the minimal invasive surgery group had significantly longer 
cannulation time, total bypass time, and total operative time. 
The type of operation did not differ significantly between 
groups [it was repair and replacement among 6, 44 patients in 
group A and 12 and 38 patients in group B, respectively]. The 
need for DC shock was lower among group A than group B 
[10.0% vs 22.0%]. However, the difference was statistically 
non-significant [Table 2].  

In the early postoperative period, the minimally invasive 
group had significantly lower ventilation time, ICU stay, total 
hospital stay duration, postoperative pain, bleeding, mean of 
transfused units, serum levels of liver enzyme [SGPT], and 
serum creatinine. However, the re-exploration was not 
significant between groups A and B [4% vs. 10%]. Also, the 
postoperative events [atrial fibrillation, neurological events, 
and renal failure] did not differ significantly between groups, 
although AF and neurological events were higher among 
minimally invasive group. The CXR revealed significant high 
normality among minimally invasive than conventional group 
[92% vs. 62% respectively]. Otherwise, the inotropic support 
was increased in minimally invasive than conventional 
groups, but no statistical significance difference. The ejection 
fraction also did not differ significantly between groups. 
Finally, the patient satisfaction was significantly higher among 
minimally invasive than conventional group [Table 3].   

At 6-month follow up after surgical intervention, results 
showed non-significant difference between minimally invasive 
and conventional approaches regarding echocardiographic 
data, INR, the scar and NYHA class [Table 4]. 

Table [1]: Comparison between groups regarding patient demographic and preoperative data 

Parameter Group A [n=50] Group B [n=50] p 

Age [Years] 32.58±13.78 35.86 ±14.28 0.24 

Sex  
Male 

Female 
21 [42.0%] 
29 [58.0%] 

27 [54.0%] 
23 [46.0%] 

0.23 

Diabetes mellitus 
Diabetic 

Non diabetic 
16 [32.0%] 
34 [68.0%] 

11 [22.0%]  
39 [78.0%] 

0.36 

Body mass index [kg/m2] 24.11±4.55 24.76±6.73 0.54 

Preoperative NYHA 
class  

I 
II 
III 
IV 

6[12%] 
33[66.0%] 
9[18.0%] 
2[4.0%] 

0 [0.0%] 
26[52.0%] 
22[44.0%] 

2[4.0%] 

0.006* 

Preoperative atrial fibrillation [AF] 9[18.0%] 13[26.0%] 0.49 

Preoperative laboratory 
data  

Bilirubin  1.31±0.67 1.13±0.62 0.17 
Serum creatinine 1.40±0.52 1.56 ±0.41 0.10 

SGPT 27.72 ±12.78 22.4±17.46 0.08 
Hemoglobin 12.44±1.947 11.84±1.86 0.12 

Prothrombin time [PT] 12.06±1.93 13.31±3.91 0.06 

Preoperative 
echocardiography  

 EF 57.44±6.49 56.04±7.17 0.32 
Left atrial diameter 5.264±0.65 5.132±0.75 0.39 

Pulmonary artery pressure 24.9±13.11 27.1± 11.02 0.31 
ESD 34.24±5.88 36.6±8.24 0.10 

LVEDD 51.2±6.03 49±7.15 0.15 

Valve lesion  
Stenosis  
Regurge  

25[50.0%] 
25[50.0%] 

17[34.0%] 
33[66.0%] 0.11 
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Table [2]: Comparison between groups regarding operative data 

Parameter Group A [n=50] Group B [n=50] P 

Length of incision [cm] 6.56±1.88 12.54±1.78 < 0.001* 
Cannulation time [min] 34.44±3.12 25.46± 3.20 < 0.001* 
Total by-pass time [min]  128.84±52.90 108.1±41.76 0.032* 
Cross clamp time [min] 61.78±35.91 78.08±36.24 0.026* 
Total operative time [min]  268.16±77.86 195.16±53.41 0.005* 
Type of operation  Repair 

Replacement 
6 [12.0%] 

44 [88.0%] 
12[24.0%] 
38[76.0%] 

0.12 

Need for direct current [DC] shock  5 [10.0%] 11[22.0%] 0.10 
 

Table [3]: Comparison between groups regarding postoperative data 

Parameter Group A [n=50] Group B [n=50] p 

Ventilation time [hours] 5.38±2.76 9.06±12.779 0.047* 
ICU stay time [hours] 29.9±15.43 41.4±24.04 <0.001* 
Total hospital stay time [days] 6.04± 1.22 9.22±6.15 0.007* 
Visual analogue scale for pain 3.78±1.40 5.62±1.08 0.037* 
Bleeding 276.2±136.90 413.3±198.20 0.005* 
Blood transfusion required 1.46 2.1 0.002* 
Re-exploration 2 [4.0%] 5 [10.0%] 0.21 
Blood transfusion units 1.46±1.54 2.1±2.55 0.003|* 
Postoperative 
events 

AF 6 [12.0%] 2 [4.0%] 0.49 
Neurological complications 3 [6.0%] 2 [4.0%] 0.91 

Renal complications 
Phrenic nerve injury 

2 [4.0%] 
0 [0.0%] 

2 [4.0%] 
0 [0.0%] 

1.0 
- 

Postoperative CXR Normal 
Congestion 

Effusion 
Atelectasis  
Collapse 

46 [92.0%] 
0 [0.0%] 
1 [2.0%] 
0 [0.0%] 
3 [6.0%] 

31 [62.0%] 
2 [4.0%] 
3 [6.0%] 

11 [22.0%] 
3 [6.0%] 

0.002* 

Inotropic support No 
minimal 

High 

26 [52.0%] 
24 [48.0%] 

0 [0.0%] 

29 [58.0%] 
20 [40.0%] 

1 [2.0%] 
0.46 

Postoperative SGPT 21.74±14.62 32.42±31.23 0.031* 
Postoperative serum creatinine 1.394±0.43 1.8156±0.76 0.001* 
Wound infection  Total  

Superficial infection 
Deep infection 

4 [8.0%] 
3 [6.0%] 
1 [2.0%] 

8 [16.0%] 
7 [14.0%] 
1 [2.0%] 

0.35 

Patient satisfaction Not satisfied [Dissatisfied] 
Not certain 
Satisfied 

Very satisfied 

6 [12.0%] 
8 [16.0%] 

29 [58.0%] 
7 [14.0%] 

13 [26.0%] 
11 [22.0%] 
24 [48.0%] 

1 [2.0%] 

0.037* 

Postoperative EF 47.18± 5.216497 49.32±7.90102 0.11 
 

Table [4]: Comparison between groups regarding six months follow up data 

Parameter Group A [n=50] Group B [n=49] p 

Echocardiographic data  EF% 60.54±4.43 61.67± 5.42 0.25 
LVEDD 51.5± 5.6 5.3.1± 7.5 0.23 

ESD 34.4  ± 8.68 36.16 ±  6.90 0.26 
LAD 4.56±0.64 4.552±0.72 0.946 
PAP 27.74   ±  11.31 25.97 ±11.21 0.43 

INR 2.73±0.66972 2.87±0.68 0.30 
Scar  Normal  

Keloid  
50 [100.0%] 

0 [0.0%] 
48 [97.95%] 

1 [2.05%] 
0.49 

NYHA class  I 
II 
III 
IV 

18 [36.0%] 
28 [56.0%] 

4 [8.0%] 
0 [0.0%] 

20 [40.8%] 
28 [57.1%] 

0 [0.0%] 
1 [2.0%] 

0.16 

LVEDD: Left ventricular end-diastolic diameter, PAP: pulmonary artery pressure, ESD: End systolic diameter, LAD: Left atrial diameter 
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DISCUSSION 

In the current work, we aimed to compare two 
approaches [minimally invasive versus conventional] for 
mitral valve surgery, regarding the operative data, early and 
6 month outcomes. Our patient population represented a 
homogenous sample. No significant difference was observed 
between groups A and B regarding patient age, gender or 
preoperative data, expect for the reported lower NYHA class 
among group B than group A. Operative data revealed that, 
minimal invasive surgery had significantly shorter incision 
length, shorter cross clamp time, longer cannulation time, 
total bypass time, and total operative time. Postoperatively, 
minimal invasive group had significantly shorter ventilation 
time, ICU stay, total hospital stay duration, lower pain, 
bleeding, transfused units, liver enzymes and serum 
creatinine. Lung normality on x-ray was significantly 
increased among minimally invasive than conventional group 
[92.0% vs. 62.0% respectively]. Finally, the patient 
satisfaction was significantly higher among minimally 
invasive than conventional group.   

In the current work, the minimum age was 8 years and 
the maximum age was 65 years. This widest age range may 
be due to higher prevalence of rheumatic heart disease, 
different life style, geographical variations, and genetic 
causes. The younger females favored right mini-thoracotomy 
approach for its better cosmetic outcomes.  Ahmad Shah et 
al. [14] also reported that cosmetic results were better at 
thoracotomy group especially at young females who were 
satisfied with the appearance of the postoperative scar. 
Saha et al. [15] and Ganie et al. [16] reported overall slight 
female sex predominance as in the current work.  

The current work results yielded non-significant 
difference between groups regarding echocardiographic 
data. These results are in line with previous studies. For 
example, Dokhan et al. [17] reported comparable results in a 
study of 50 patients, and Ganie et al. [16] reported 
comparable groups with respect to LVEF. 

Regarding the preoperative NYHA classification, El-Fiky 
et al. [18] reported comparable results with significant 
difference in the NYHA grade between the thoracotomy 
group and the sternotomy groups [P=0.03]. Ahmad Shah et 
al. [14] reported 20 [63%] patients in sternotomy group with 
NYHA class III, and the remaining 37% were in class IV and 
24 [75%] patients in thoracotomy group were class III while 
the rest were class IV. However, they reported no significant 
difference between the two groups.  

Regarding intraoperative data, results are in line with 
previous studies. Dokhan et al. [17] reported a similar 
statistically significant difference between the two groups 
regarding length of the surgical incision [19.28 ± 2.15 vs. 

5.96 ± 0.84 cm in conventional versus minimal invasive 
groups respectively, P = 0.001].  

In our study, two patients in group [A] required 
conversion to median sternotomy due to suspected aortic 
root injury or dissection or for proper exposure of the mitral 
valve [their results had not been included in statistical 
analysis and replaced by another two patients, who 
completed the mini-approach]. to  This Conversion rate 
median sternotomy was minimal, which is in concordance 
with other studies [16, 19].  

The aortic clamping techniques are variable at right 
thoracotomy. We used the flexible cosgrove clamp in all 
patients of group A to avoid the risks and the additional 
monitoring of endo-balloon and for economic reasons.  
Ahmad Shah et al. [14] used the direct long curved aortic 
clamp. Tang et al. [20] used the techniques, external cosgrove 
clamp or endo-balloon, according to the accessibility. Also 
Murzi et al. [21] reported at their propensity score analysis on 
1280 patients that central cannulation with direct aortic 
clamping was better than femoral cannulation with endo-
balloon clamp that was associated with less aortic dissection 
and less neurological events at postoperative period. 

The cross clamp time was significantly shorter among 
minimally invasive than conventional group [61.78±35.91 vs. 
78.08±36.24, respectively; P < 0.05]. These results were 
different from Tang et al. [20] and Mansy et al. [22] who 
reported non-significant difference between sternotomy and 
thoracotomy groups regarding cross clamp time [P > 0.05]. 
Some reports showed shorter cross clamp time at 
thoracotomy group owing to easy accessibility to the left 
atrium even with small atrial size; as Ahmad Shah et al. [14] 
who reported a mean time of [45.3±8.3] and [41.7±5.7] 
minutes in sternotomy and thoracotomy groups, respectively 
[P < 0.05].  

The by-pass time and total operative time were 
prolonged in group A versus group B.  Similar to our results 
Saha et al. [15] reported a significantly higher mean total 
operative time of [229.5 ± 28.1 minutes] in Group I versus 
[197.8 ± 45.0 minutes] in the median sternotomy group. In 
addition, Ahmad Shah et al. [14] reported prolongation of total 

 in thoracotomy than sternotomy. However, the by-pass time
difference was statistically non-significant [p=0.69]. Raslan et 
al. [23] also showed significant difference of total by-pass time 
and total operative time between right mini-thoracotomy and 
sternotomy in atrial septal defect closure. Mansy et al. [22] 
reported a prolongation of total operative time, total by-pass 

at sternotomy [246+34, 89±54] than thoracotomy time 
[180±24, and 96±44] [p<0.05]. The study thought that 
difference reflects the times needed for opening and 
cannulation through sternotomy. 
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In agreement with our results, Mansy et al. [22] study 
showed significant difference between both approaches with 
higher incidence of post-operative bleeding and allogenic 
blood transfusion at sternotomy groups [p<0.05]. El-Fiky et 
al. [18] observed significantly lower postoperative blood loss 
in the mini-thoracotomy group [481±142 mL vs. 930±357 
mL, p=0.01].  

Bleeding was minimized in group A, which was translated 
into less frequent surgical re-exploration and lower 
transfusion requirements. Two patients in the first group and 
five cases in the second group required re-exploration for 
bleeding or tamponade. Svensson et al. [24] reported that less 
bleeding and lower blood transfusions are likely due to the 
less extensive mediastinal dissection required for the 
minimally invasive approach. 

Minimally invasive, Group A showed a significant shorter 
mechanical ventilation period [5.38±2.77] hours versus 
[9.06±12.77] hours in conventional group B [p=0.048].  El 
Ashkar and Khallaf [25] reported similar data where 
mechanical ventilation time was significantly shorter in mini-
thoracotomy group [5.67 ± 1.63 h] compared to sternotomy 
group [9.85 ± 6.5 hours; P<0.05]. Sündermann et al. 
[26] study showed that postoperative MV was significantly 
lower in minimally invasive mitral valve approach, and it may 
be due to less pain and minimal effect on mechanics of 
respiration. 

We didn’t observe any significant difference for the 
neurological complications between the two groups [three 
and two in groups A and B respectively]. The reduced 
surgical field and inadequate de-airing was set as the main 
causes for possible negative neurologic outcomes. Stroke 
had been reported to be higher with minimally invasive 
surgery, probably due to retrograde body perfusion during 
cardiopulmonary bypass [CPB]. This complication reported 
in about 2.6% of patients submitted for Mini-MVR. 
Nevertheless, a recent meta-analysis revealed that minimally 
invasive approaches were no longer associated with an 
increased risk of stroke [9]. 

We didn’t report any case with phrenic nerve injury, being 
matched with Mansy et al. [22] results. On right thoracotomy, 
the phrenic nerve must be well recognized to avoid its injury 
during the procedure. 

Early arrhythmia and AF developed in postoperative 
eight patients of the study cohort [six in group A and two in 
group B, p=.49]. Limited manipulation of the heart was 
associated with lower postoperative AF. Suri et al. [27] 
observed an equal AF rate between 350 isolated mitral 
valve repair performed with a mini-thoracotomy 
approach compared with 365 sternotomy operations 
[26% versus 27%, p=0.627].  

Post-operative had a significant pulmonary complications 
higher incidence in group [B]. In group [A], one patient 
developed pleural effusion and three had lung collapse; 
while in group B, two had lung congestion, three had 
effusions, eleven had atelectasis and three developed basal 
lung collapse [p <0.05]. Our patients had responded to 
conservative medical treatment. Mansy et al. [22] reported five 
patients at thoracotomy with right lung atelectasis and six 
patients with atelectasis at sternotomy group.  

Renal complications were statistically non-significant 
between groups with two patients in each group requiring 
temporary dialysis for acute kidney injury. McCreath et al. [28] 
studied the issue of the acute kidney injury in relation to 
various approaches of cardiac surgery. They reported a high 
significant link between the surgical approach and the peak 
postoperative fractional creatinine change representing a 
higher risk of acute kidney injury with standard midline 
sternotomy access. 

Two patients developed femoral area complications. The 
two patients had groin seroma and superficial groin wound 
infections. It is crucial to note that there is an extra-risk of 
groin comorbidities with the mini-mitral valve surgery. Such 
conditions are now added complications that are not present 
with the conventional sternotomy approach. Casselman et 
al. [29] stated that femoral area complications are among the 
most common complications, and reported in 1 to 7% of 
cases. 

The mean hours of intensive care unit [ICU] stay in group 
[A] were significantly shorter than in group [B]. In a similar 
way, Ahmad Shah et al. [14] reported a significant shorter ICU 
stay with mini-thoracotomy than sternotomy [17.1±4.2 vs. 
21.9±3.7 hours; P<0.001]. On the contrary, Mansy et al. [22] 
found comparable ICU duration of [1.32±0.4] days in 
thoracotomy versus [1.41±0.7] days in sternotomy group. 
However, thoracotomy was superior to sternotomy regarding 
postoperative ICU and hospital stay [19, 30].  

Raslan et al. [23] reported Regarding wound infection, 
significant difference regarding wound infection [p=0.035]. 
These results are in contradiction to the current study. 
However, Mansy et al. [22] showed that wound dehiscence 
absent and superficial infection was infrequent, as in the 
current study. Aybek et al. [19] and Ahmad Shah et al. [14] 
reported that minimally invasive mitral valve surgery was 
less prone to sepsis while sternal wounds were more 
vulnerable to it. 

Patients of group [A] reported significant lower pain score 
than patients in group [B]. The increasing pain level at 
sternotomy may be due to instability or friction of the divided 
sternum. Possible benefits of minimal invasive approach 
included lower pain and faster return to normal daily 
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activities. In Mansy et al. [22] study, comparing right 
thoracotomy for mitral valve surgery with standard median 
sternotomy, the postoperative pain was high in sternotomy 
than thoracotomy group [4.3±2.1 versus 2.3±1.1, p < 0.05] 
and the need for analgesia was significantly higher in 
sternotomy group. Casselman and colleagues [29] reported 
that 93.5% of their patients had minimal to no pain related to 
the procedure after a mini-thoracotomy access. 

McClure et al. [31] stated Regarding patient satisfaction, 
that the minimally invasive mitral valve surgery carried fewer 
complications and associated with increased patient 
satisfaction than the standard median sternotomy technique.  

In general, our results are in line with previous studies. 
However, despite excellent outcome with minimal invasive 
surgery, criticism continuing regarding minimally invasive 
mitral valve surgery, due to its technical difficulty, complexity 
and its need for a distinct learning curve. Finally, for many 
cardiothoracic surgeons, the decision to use minimally 
invasive approaches for mitral valve surgery is more related 
to the aesthetic results than better clinical outcomes.  

In a recent meta-analysis, Moscarelli et al. [32] concluded 
that, minimally invasive and conventional sternotomy 
approaches produce comparable early and long-term results. 
The minimally invasive approaches were associated with 
prolonged cross-clamp and CPB times, but no harmful 
effects on the clinical outcomes. They recommend future 
researches to evaluate the effect of surgeon expertise and 
procedural volume on patient outcomes. Most recently, 
Cetinkaya et al. [6] demonstrated that, minimally invasive 
surgery provided good results for MV surgery, achieving a 
high MV repair rate, low peri-procedural morbidity and 
mortality, and improved long-term outcome. It could replace 
conventional sternotomy as a standard approach for MV 
surgery. 

CONCLUSION 

In conclusion, the results of the current study add to the 
available evidence of the good short and mid-term outcome 
of minimal invasive approach for mitral valve surgery, as the 
conventional sternotomy. We advocate the use of such 
minimal invasive approach as the standard interventional 
surgical approach for mitral valve surgery. However, the 
small sample size of the current work is a limiting step that 
prevents globalization of the results. 
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