
The Egyptian Journal of Hospital Medicine (July 2023) Vol. 92, Page 6303- 6308 

 

6303 

Received: 21/02/2023 

Accepted: 24/04/2023 

An Overview about Mitral Valve Replacement Surgery Options: Review Article 
Amany G. Abdallah, Amr Tawfek, Wisam Ashour Alsadiq*,  

Mamdouh Elsharawy, Nabil Alsadik, Dina Said Shemais 

Department of Cardiothoracic Surgery, Faculty of Medicine, Zagazig University, Egypt 
*Corresponding author: Wisam Ashour Alsadiq, Mobile: (+20) 01151942408, E-mail: dr.wisam.cardiothoracic@gmail.com 

 

ABSTRACT 

Background: For many years, median sternotomy has been the gold standard for doing any kind of open-heart surgery. 

The standard full sternotomy method to mitral valve surgery has been shown to be unnecessary, and minimally invasive 

surgery has been shown to be a viable option with reduced perioperative morbidity as well as short-term mortality. 

Objective: Review of literature about Mitral Valve Replacement Surgery Options. 

Methods: We searched PubMed, Google Scholar, and Science Direct for relevant articles on Mitral Valve Replacement 

Surgery Options. Only the most recent or thorough study was taken into account between October 2011 and February 

2023. Documents written in languages other than English have been ignored due to lack of translation funds. 

Unpublished works, oral presentations, conference abstracts, and dissertations were generally agreed upon not to qualify 

as scientific research. 

Conclusion: By minimizing the need for large incisions and the associated risks of blood loss, pain, and infection, 

minimally invasive surgery has gained popularity and has been shown to be effective in a large number of patients 

undergoing mitral valve surgery. This method provides superior cosmetic outcomes, lowers the risk of sternal infection, 

minimises pain, necessitates fewer blood transfusions, speeds healing, and shortens the length of hospital staying. 

Keywords: Mitral valve replacement, Mitral regurgitation, Open-heart surgery. 

 

INTRODUCTION  

The median sternotomy, the most common method 

of open-heart surgery, has been criticised for being too 

lengthy, painful, and dangerous. Mitral valve surgery is 

decided based on the patient's condition, comorbidities, 

illness severity, surgeon's experience, and treatment 

facility. Capabilities beyond those required for 

cardiopulmonary bypass or sternotomy are necessary 

for less invasive cardiac treatments. Minimally invasive 

heart valve surgery was first criticised due to the 

expectation of poor results from tiny incisions (1). 

Minimally invasive techniques like mitral valve 

surgery are gaining popularity because of the burden 

they put on patients. Safe, low-morbidity, and 

reoperation rates are all associated with minimally 

invasive mitral valve surgery. It has the potential to 

replace a full sternotomy because it is less invasive, 

hastens healing, boosts patient satisfaction, and reduces 

costs without compromising efficiency. Thoracic 

endoscopy-assisted minimally invasive mitral valve 

repair, many mitral valve procedures benefit from this 

technique's improved aesthetics and decreased sternal 

infection, pain, blood transfusion, and hospital stay 

rates (2). 

 

Mitral valve surgery anatomy 

The components of a healthy mitral valve (MV) are 

the annulus, leaflets, chordae tendinae, papillary 

muscles, and chambers. During diastole, its complicated 

shape allows blood to flow into the left ventricle (LV), 

whereas during systole, it prevents blood from flowing 

backwards from the LA into the LV. The proper 

operation of MV depends on the consistency and 

coordination of these parts (3, 4). Interstitial cells that 

respond to mechanotransduction and endothelial cells  

 

 

on the valve surface work together to keep the valves in 

proper mechanical and metabolic shape (5). 

 

Mitral annulus: During systole, the fibrous mitral 

annulus contracts like a sphincter, restricting the size of 

the mitral valve. An inability to completely close the 

mitral valve due to dilation, especially at the point of 

posterior leaflet insertion (6). 

 

Leaflets: The mitral valve has two leaflets, one in front 

and one in back. The anterior leaflet occupies two-thirds 

of the valve opening and one-third of the annular ring. 

It's the thicker, zonal posterior leaflet that wraps around 

the annulus. Histologically, leaflets are composed of the 

fibrosa, atrial, and spongiosa tissues (6). 

 

Chordae Tendinae: Main and secondary chordae 

tendinae make up the subvalvular apparatus. Primary 

chordae that are thinner avoid edge prolapse, while 

secondary chordae that are thicker reduce leaflet tension 
(6). 

Papillary muscles: During systole, the papillary 

muscles contract and the chordae tendineae shorten to 

shut the mitral valve and prevent regurgitation. The 

anterior and posterior papillary muscles help hold the 

mitral valve in place (6, 7). 

 

The left atrium: The left atrium sits above the left 

ventricle and is situated behind the right atrium. The 

pulmonary veins supply it with oxygenated blood (8). 

 

The left ventricle: The left ventricle, located in the left 

lower quadrant of the heart, has thick walls and a 

rounded tip. The aortic valve is reached via the mitral 

valve mechanism (9). 
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Blood and lymphatics: The anterior papillary muscle 

is fed by the anterior descending and circumflex 

arteries. The posterior papillary muscle is nourished by 

tributaries of the right coronary artery. The left atrium 

receives oxygenated blood from the pulmonary veins, 

whereas the left ventricle receives deoxygenated blood 

from the left coronary artery (6). 

 

Nerves: Mitral valve stiffness is reduced by 

acetylcholine and increased by norepinephrine. Valve 

innervation weakens with age (10). 

 

Mitral valve disease pathophysiology 

Mitral Stenosis: Left atrial pressure, pulmonary venous 

pressure, and dyspnea are all exacerbated by physical 

activity, emotional stress, and atrial fibrillation in 

patients with mitral stenosis (MS), which is most 

typically rheumatic and occurs when the mitral valve 

area is less than 2 cm2 (11). 

 

Mitral regurgitation (MR): An aperture larger than 

the aortic orifice is deadly in cases of mitral 

regurgitation (MR). The vicious loop of chronic MR 

leads to left ventricular dilation and a larger regurgitant 

orifice. Compatibility between the pulmonary vein bed 

and the left atrium affects MR appearance (12). 

 

Natural history: Treatment for MS symptoms like 

dyspnea slows the disease's progression to higher levels 

of function. Pre-surgery 5-year survival rates for New 

York Heart Association (NYHA) stages III and IV were 

62% and 15%, respectively. The progression of MR is 

determined by its severity, ventricular function, and 

valve dysfunction. The prognosis is bad for patients 

with severe MR and impaired cardiac function, yet 

mitral valve prolapse can be tolerated for years before 

surgery (13). 

 

Clinical signs and diagnosis: Symptoms of MS 

include difficulty breathing, fatigue, low exercise 

tolerance, bleeding gums, and chest pain. Until left 

ventricular failure occurs, people with chronic MR have 

no symptoms. Transesophageal echocardiography 

(TEE) and echocardiography are used to confirm the 

diagnosis if they are necessary. The results of 

angiograms rule out coronary artery disease (14). 

 

Treatment 

Mitral stenosis: Medications such as salt restriction, 

diuretics, warfarin as well as beta-blockers for atrial 

fibrillation are beneficial for people with MS. Mitral 

valve repair or percutaneous balloon valvotomy is 

performed depending on the patient's condition. In 

severe cases of fibrosis, a new valve may be necessary 
(15). 

Mitral insufficiency: For both acute and chronic MR, 

nitroprusside is required for cardiogenic shock and 

afterload reduction. When symptoms arise from MR, 

surgery is required; those under 50 years of age 

typically opt for repair, while those in NYHA functional 

groups III and IV favour replacement. The decision to 

repair a mitral valve depends on the patient's pathology 

and the surgeon's expertise. Long-term rheumatic MR 

correction that is less than ideal. It is reasonable to treat 

MR caused by prolapse. Details of prolapse and the 

viability of repair can be determined by TEE (16). 

 

Mitral valve surgery indications: Treatments in Class 

I are generally agreed upon as effective by both the 

American Heart Association and the European Society 

of Cardiology. Reckless or hazardous methods are 

prohibited by Class III regulations (17). In the hands of a 

trained professional, mitral valve repair that includes 

leaflet excision, chordal transfer or replacement, edge-

to-edge suturing, and annuloplasty to address 

pathophysiology, has a success rate of greater than 95%. 

In the event that the mitral valve cannot be repaired, a 

replacement can be performed while the attachments of 

the annulus to the papillary muscles are preserved. 

These suggestions are supported by randomised trials, 

non-random studies, and consensus assessments (18). 

 

Regurgitation guidelines for mitral valve surgery: 

Mitral valve surgery is advised for patients with 

symptomatic chronic severe primary mitral 

regurgitation (MR) and LVEF > 30%. Repair is 

advantageous for LV preservation and lower surgical 

mortality. Therefore, it should be considered for 

symptomatic patients with chronic severe MR, LVEF 

30-60%, or LVESD more than 40 mm. When dealing 

with chronic, severe, primary MR of the posterior 

leaflet, mitral valve repair is preferable to replacement. 

Patients who need extensive repairs may benefit from a 

mechanical prosthesis. When MR is severe and 

persistent, surgery to replace the mitral valve is 

suggested. Sustained LV function, new-onset atrial 

fibrillation, or resting pulmonary hypertension are all 

conditions that may be improved by treating silent 

chronic severe non-rheumatic primary MR (PMR). 

Repair for rheumatic MR involves anticoagulation and 

durability (19). 

 

ESC/EACTS recommendations on indications for 

intervention in severe primary mitral regurgitation: 
Figure (1) indicate the ESC/EACTS-recommended 

surgical indications for severe chronic PMR. 
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Fig. (1): How to treat people with severe, chronic, primary mitral regurgitation (20). 

 

----------------------------------------------------------------------------------------------------------------------------------------------

Mitral stenosis and surgical indications: 

 Patients with severe mitral stenosis symptoms 

(NYHA functional class III or IV) and mitral valve area 

(MVA) 1.5 cm2 who are not high surgery risk and who 

are either ineligible for or have failed percutaneous 

mitral balloon commissurotomy should consider mitral 

valve surgery (repair, commissurotomy, or 

replacement). Replacement is typically preferred when 

the entire mitral valve complex is severely thickened 

and calcified. MS worsens slowly, therefore surgical 

intervention isn't recommended until patients 

experience severe symptoms (NYHA class III or IV) 
(21). 

When a patient undergoing cardiac surgery for 

another cause has severe MS (MVA 1.5 cm2), it is 

recommended that they also have concomitant mitral 

valve surgery. For those who have an MVA between 1.6 

and 2.0 cm2, it could be an option. Mitral valve surgery 

in conjunction with left atrial appendage excision 

should be considered for individuals with severe MS 

and recurrent embolic episodes despite sufficient 

anticoagulation (22). 

 

Mitral valve replacement 

Technique and anesthesia for conventional median 

sternotomy mitral valve surgery: 

Anesthesia used during major surgery. In some 

cases, a double-lumen endotracheal tube is required for 

single-lung breathing. An adequate amount of 

anaesthetic is given prior to a sternotomy in order to 

prevent stimulation. Pre-sternal lung deflation. Large 

venous access and matched blood must be available for 

re-exploration sternotomy due to the danger of 

hemorrhage. Patient is rolled between the scapulae to 

facilitate access to the sternum while lying supine. 

Exposure is improved by extending the neck and raising 

the sternal notch (23). 

Obesity is associated with a paucity of jugulum 

and xiphoid markers. In young women, an incision from 

the sternal notch to the xiphoid tip, above the linea alba, 

can be used for either a coronary artery bypass graft 

(CABG) exposure or for cosmetic purposes. The 

incision is made 2 cm below the xiphisternum, under the 

suprasternal notch. Diathermy for fat and a knife for 

skin. After cutting the pectoral major muscles from the 

periosteum to the outside sternum, make sure there is no 
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bleeding. Using a knife, scissors, or saw, sever the 

xiphisternum down the middle. Suprasternal 

augmentation and interclavicular ligament separation 

using diathermy (24). 

The xiphoid and jugular are medial structures. 

Suture the midline and cut the subcutaneous and 

pectoral fascia. Using the sternocondral connections 

and the midline intercostal spaces, you can access the 

periosteum. Bleeding can be stopped by snipping the 

transverse venous arch at the jugulum. Dissect the 

interclavicular ligament and retract the sternum. Mark 

the midline, and then cut the linea alba to separate the 

xiphoid from the diaphragm. Stop bleeding from an 

upward sawing by cutting the xiphoid with scissors and 

cauterising any crossing veins (25). 

Osteotomy planning for the jugulum, xiphoid, and 

midline. The operating room is outfitted with an air or 

electric saw. Anesthesiologists prevent pleural rupture 

by cutting off oxygen. Above-down osteotomy is the 

option chosen by the surgeon. Sawed away at the ectatic 

ascending aorta, while protecting the pleura, 

pericardium, innominate vein, and brachiocephalic 

artery. Closure and healing require proper midline 

sternum division. Incorrect division may necessitate 

osteosynthesis with plates (26). 

Cauterizing small punctures and stuffing gauze 

between the pericardium and the sternal borders can 

help stop bleeding and prevent necrosis during the 

retraction/bleeding control process. Cut back on the 

bone wax. Tense muscle strains can be avoided with the 

help of towels, gloves, and a cautious approach to 

retraction. Fractures and postoperative pain can be 

avoided by retracing the sternum slowly. Patients 

benefit from muscle relaxants and sternopericardial 

ligament relaxation. 

 In order to begin mitral valve replacement, central 

and arterial cannulation, pericardial opening, and 

heparin are required. Aortic root cardioplegia is 

achieved by cross-clamping the distal ascending aorta. 

In a right-sided rotation, the left atrium of the heart is 

on display. The MV can be located by performing an 

atriotomy from the left atrium anterior to the right 

pulmonary veins. Fixing a leaking mitral valve. 

Replacement of the affected leaflets or artificial chordae 

may be necessary. To prevent annular dilatation during 

surgical mitral valve repair, ring annuloplasty is 

performed. To test the LV, fill it with salt water. If the 

valve cannot be repaired, a mechanical or biological 

prosthesis must be inserted. Left heart deairing with 

subsequent close atriotomy. The patient is taken off of 

cardiopulmonary bypass, heparin, and cannulas. Valve 

function and paravalvular regurgitation can be detected 

by sternal wire transesophageal echocardiography. 

After cardiac surgery, 24 F tubes are inserted below the 

rectus muscle fascia through epigastric incisions, 

completing the sternal closure. Towel covering the right 

ventricle of the chest. Avoid overriding and graft 

damage by meticulously placing 4-8 stainless steel 

wires. Removing bone wax can prevent healing issues. 

Wire ends can cause problems if not approximation, 

forced, twisted, cut, and buried correctly (27). 

 

Repair tissue and wounds: To achieve a complete 

closure, it is necessary to re-approach the linea alba. 

Seal the wound using absorbable sutures or clips after 

stitching through both layers of the pectoral fascia. A 

re-thoracotomy or more clips may be necessary to 

prevent dehiscence and infection in patients with large 

breasts or obesity. Plaster the wound for 5 days while 

keeping it clean with iodine. Patients at risk of 

contracting an illness can have their bodies held still for 

up to four weeks by using a thoracic vest (28). 

 

Outcomes 

Even though it's not the least invasive option, this is the 

gold standard. The use of MIMVS is on the rise as a 

means of lowering risk. The six-inch incision required 

for a conventional median sternotomy is painful and 

slows healing. Pain, swelling, and scarring at the 

incision site are possible. The prolonged hospital stay is 

another challenge, since patients must be closely 

monitored for several days and then spend weeks 

recovering at home. This makes it difficult to get 

anything done. The risks of infection, bleeding, and 

tissue damage from the operation outweigh those from 

less invasive alternatives. Professional surgeons can 

reduce but not eliminate dangers. The risk of developing 

pneumonia or a blood clot following surgery increases 

with bed rest. Physical activity may be restricted for 

several weeks or months as recuperation from more 

invasive procedures might take longer (29). 

 

Minimal mitral valve replacement 

No sternotomy and small incisions are necessary for 

minimally invasive cardiac surgery. Helps cut down on 

bleeding, breathing difficulties, hospital stays, and pain. 

There are four invasiveness levels. Mini-thoracotomy to 

the right chest is a common technique, among others. 

Needs lengthy implements. Direct or primary vision is 

provided by cameras (2D or 3D) without the need for 

rib-spreading (29). 

 

Technique/Details/Operative steps 

Preoperative evaluation and cardiac workup: 

   The impact of aortic regurgitation on anterograde 

cardioplegia is the primary focus of transthoracic 

echocardiography (TTE) in determining surgical 

planning. After an inconclusive transthoracic 

echocardiogram (TTE), a transesophageal 

echocardiogram (TEE) is required for surgical 

guidance, however its contraindications limit the 

applicability of a minimally invasive approach. Radial 

coronary angiography is preferable to femoral 

angiography before surgery in order to preserve femoral 

access (30). 

 

Vascular checkup: Peripheral cannulation for 

minimally invasive mitral valve surgery (MIMVS) is 
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performed through the femoral artery. For the vascular 

workup, surgical teams may opt for either an aortic or 

coronary CT scan (30). 

 

Thoracic Exam: The thoracic workup is directed by the 

patient’s history and chest X-ray. Adhesions in the 

pleura can make it difficult to reach the left atrium. The 

incision site and skin condition are evaluated the day 

before surgery (30). 

 

Patient preparation and anesthesia: Standardization 

is necessary for cooperation between anesthesiologists, 

nurses, and surgeons. Similar to valvular operations, 

anaesthesia involves the use of a central line, an arterial 

catheter, and endotracheal intubation. Ventilation can 

be stopped early if cardiopulmonary bypass and 

peripheral cannulation are performed. Thoracotomy 

restrictions necessitate the use of transcutaneous 

defibrillation pads. Two venous cannulation stages are 

typically required for right cavity drainage as 

determined by TEE (31). 

 

Patient positioning and room setup: The patient is 

supine with a gel bolster under his or her shoulders and 

the right arm flexed at the hip. With the suitable body 

orientation, skin preparation, and draping, the surgical 

field (right thorax to midaxillary line, both groins) is 

easily accessible. The sterile sternum is kept in place 

during the sternotomy procedure. After surgery, women 

can see their inframammary groove by lifting their right 

breast using adhesive films, while men can move their 

areola to the fourth right intercostal space. A 

thoracoscopic tower, long-shafted equipment, 

retractors, and disposables are all housed in the space 
(31). 

 

Steps in surgery cannulation peripheral: Site-

selection markers and a minimally invasive incision 

(often the fourth intercostal gap on the right) are used 

for this procedure. If you want to prevent fractures or 

nerve damage, you shouldn't use intercostal spacers. 

Additional incisions are required for CO2 insufflation, a 

thoracoscope, an aortic clamp, an atrial retractor, and a 

pericardium suspension. Careful incision selection has 

been shown to decrease mortality (31). 

 

Cardiopulmonary bypass and cardiac exposure 

surgery: When the thoracic incision was made, good, 

activated clotting time was allowed before CPB was 

initiated. After the aorta has been clamped, the 

pericardium is incised and the arteries and veins are 

cannulated. The cardioplegia cannula is placed in the 

aorta anterior to the aortic purse string. Vascular injury 

can be avoided when clamping the transverse sinus. 

Crystalloid cardioplegia, as practised clinically. If the 

mitral valve is opened, blood will drain through an 

opening in the left atrium just posterior to the 

syndergaard interatrial groove. Valvular exposure is 

improved with the aid of the mitral retractor (32). 

 

End of procedure and results: Left atrial obstruction 

after aortic clamp release calls for close monitoring. 

TEE gives his opinion on the cost of maintenance. 

Thoracic drains inserted, blood loss controlled, bypass 

withdrawal begun. Closed layers, intravenous sedation, 

and a reduced intercostal gap (33). Within a week of 

surgery, patients typically have no further difficulties 

and can leave the intensive care unit. For most mitral 

abnormalities, minimally invasive mitral valve surgery 

(MIMVS) is a viable treatment option, with repair rates 

and functional status on par with those after sternotomy 
(34). 

 

CONCLUSION 

By minimizing the need for large incisions and the 

associated risks of blood loss, pain, and infection, 

minimally invasive surgery has gained popularity in 

recent years. This technique has been shown to be 

effective in a large number of patients undergoing 

mitral valve surgery, and its benefits have been lauded 

for their aesthetic quality, decreased risk of infection in 

the chest wall (the sternum), reduced pain after surgery, 

and shorter recovery times. 
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