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Background and Objective: Congenital mitral valve malformations (CMVM) are rare and 
heterogeneous. The functional classification includes mitral regurgitation, stenosis, and combined lesions. 
Surgical strategies of CMVM remain challenging in the pediatric population due to various malformations, 
growth potential, the requirement of long-term anticoagulation, and the necessity of avoiding or delaying 
valve replacement. Surgical techniques for CMVM must be individually tailored for patients to achieve a 
proper valve function rather than “normal” anatomy. Compared with mitral repair, mitral valve replacement 
(MVR) is a less common procedure in children due to high mortality and morbidity rates. Options for 
cardiac valve replacement in children are limited to prostheses sizes that do not accommodate somatic 
growth, especially for neonates and infants. The need for lifelong anticoagulation may lead to adverse long-
term pregnancy outcomes for female patients, limiting the application of MVR. This review aims to provide 
a comprehensive analysis of the current surgical techniques and developments for treating mitral valve (MV) 
regurgitation and stenosis and the outcome of various surgical strategies. 
Methods: We conducted a literature search using online database PubMed, Web of Science, and Embase 
for English literatures up to Sep, 2021. We also consulted standard textbooks. Both original research and 
systematic reviews and meta-analysis were included.
Key Content and Findings: This review mainly introduced current surgical strategies of CMVM 
regarding to different anatomical defects of mitral valve and short-term and long-term outcomes of different 
surgical strategies. According to the literature, using autologous pericardium, percutaneous edge-to-edge 
MV repair using the MitraClip and artificial chordae implantation showed satisfied effectiveness among 
patients with MV regurgitation. Surgical repair for MV stenosis also showed satisfying survival rate and 
freedom from reoperation rate. MVR are challenging for infants especially neonates, the chimney technique 
and ROSS II strategies were proved to be effective for severe cases. 
Conclusions: MV repair is accomplishable in the majority of cases for both congenital MV regurgitation 
and stenosis. With the development of modification and implantation strategies, both short- and long-term 
outcomes of MVR in children are encouraging.
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Introduction

The mitral  valve (MV) is a complex morphologic 
and functional apparatus constituted by the annulus, 
leaflet valves, tendinea chords, papillary muscles, and 
left ventricular wall (1). Defects affected in any of the 
components will result in complicated congenital mitral 
valve malformations (CMVM), including MV stenosis, 
MV regurgitation, or mixed lesions. CMVM is very rare in 
the pediatric population, with an incidence of 0.49% (2), 
and it commonly coexists with other cardiac defects, such 
as ventricular or atrial septal defect or coarctation of the 
aorta (2-5). CMVM can cause significant hemodynamic 
alterations, resulting in pulmonary hypertension, congestive 
heart failure, and even death, depending on the various 
pathology, heterogeneous lesions, other severe coexisting 
cardiac defects, and disease progress. Therefore, patients 
with CMVM usually need early surgical interventions. 
The aim of MV repair is not merely for anatomy repair of 
the MV, but more importantly, for recovery of functional 
hemodynamic. 

Carpentier made the first functional classification in 
1976 (subsequently revised in 1998), comprising two main 
categories based on MV dysfunction: mitral regurgitation 
and mitral stenosis (6). Since only a few case reports and 
small series have been described in the pediatric population, 
and the impact of recent surgical strategies on clinical 
outcome is mainly unknown, therefore, the present work 
aimed to provides a detailed review of surgical strategies of 
CMVM, focusing on the surgical considerations, techniques, 

and outcomes. We present the following article following the 
Narrative Review reporting checklist (available at https://
pm.amegroups.com/article/view/10.21037/pm-21-52/rc).

Methods

We conducted a literature search using online database 
PubMed, Web of Science, and Embase with the terms 
“Congenital mitral valve malformation”, “mitral valve 
defect”, “mitral valve stenosis”, “mitral valve regurgitation”, 
“infant”, “pediatric”, “children”, “surgical repair”, “mitral 
Annuloplasty”, “Mitral valve replacement”, and “surgical 
outcome” for papers up to Sep, 2021. We also consulted 
standard textbooks. This review excludes the congenital 
malformations of MV in atrioventricular septal defect, 
atrioventricular discordance, and straddling MV (Table 1). 
We restricted our search to articles in English that were 
about human beings. We included original research as well 
as systematic reviews and meta-analysis. The references 
for critical reviews and frequently-cited primary research 
publications were also included. 

Surgical indications and considerations

Severe symptoms and signs of pulmonary hypertension 
are the definitive indications for surgical intervention. 
Severe MV regurgitation or stenosis is a definitive surgery 
indication. Asymptomatic CMVM patients with severe 
pulmonary hypertension should also be considered for 

Table 1 The search strategy summary

Items Specification

Date of search From Apr 1, 2021 to Sep 30, 2021 

Databases and other sources searched PubMed, Web of Science, and Embase

Search terms used “Congenital mitral valve malformation”, “mitral valve defect”, “mitral 
valve stenosis”, “mitral valve regurgitation”, 
“infant”, “pediatric”, “children”, “surgical repair”, “mitral 
Annuloplasty”, “Mitral valve replacement”, and “surgical outcome”

Timeframe Literatures published up to Sep, 2021

Inclusion and exclusion criteria Study type: Original Articles, Systematic Reviews, Meta-Analysis, 
Standard Textbooks; language restrictions: English

Selection process WC and ML conducted the selection process independently. All 
authors discussed a standarded literature selection criteria and 
discussed the selected literature

https://pm.amegroups.com/article/view/10.21037/pm-21-52/rc
https://pm.amegroups.com/article/view/10.21037/pm-21-52/rc
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surgery. Another indication of surgery is when moderate 
MV regurgitation or stenosis coexists with other congenital 
cardiac lesions (7). CMVM can also be examined and 
repaired when the other congenital cardiac lesions are 
treated.

Surgical treatment of CMVM remains a considerable 
therapeutic challenge, including valve repair or valve 
replacement. MV repair is preferable. Compared with 
the valve replacement, mitral valve repair showed 
several advantages, including conservation of the sub-
valvular apparatus, preservation of ventricular geometry, 
conservation of left ventricular function, maintaining the 
growth potential of the native annulus, and long-term 
survival (8). In the pediatric population, valve replacement 
is less desirable because the mismatch between the native 
annulus and MV prosthesis is a risk factor for both early 
and late mortality, and it has a risk of re-operation with 
child growth (9). MV surgical repair also decreases the risk 
of thromboembolism and avoids the need for long-term 
anticoagulation, which is particularly difficult to manage in 
the pediatric population, especially for female patients. 

The CMVM encompasses complex lesions, including 
anomalies on valvar leaflets, tensor apparatus, and papillary 
muscles. Therefore, various surgical techniques are tailored 
for each anomaly, and combinations of several surgical 
techniques are often required to achieve the primary goal of 
achieving a suitable valve function, rather than a ‘‘normal’’ 
anatomy. 

MV instrumental evaluations

An accurate preoperative diagnostic assessment is 
essential for evaluating of anatomical and function of 
MV and planning individual tailored surgical strategies. 
Transthoracic two-dimensional echocardiography remains 
the standard diagnostic technique using in pediatric 
surgical planning. Recently, the three-dimensional 
echocardiography technique helps plan the surgery 
strategy by en face view of the anatomy of valves and 
chordal, providing better precise measurement of the MV 
annulus estimation of the entire mitral annulus, mitral 
area, and regurgitant (10-12). Moreover, it can provide 
unique views of the sub valvar MV apparatus, such as 
parachute MV (13). Other assessments are also performed 
on MV defects, such as Doppler ultrasound and magnetic 
resonance imaging (14,15). 

Besides, intro-operative echocardiographic assessment 
of MV anatomy and function is also important to evaluate 

the effectiveness of the procedure. If patients still presented 
with significant residual mitral regurgitation after the 
MV repair, revision or the initial repair or mitral valve 
replacement (MVR) should be considered to get a better 
outcome and reduce the risk of re-operation (16). Also, 
intro-echocardiography is used to assess residual cardiac 
defects and identify unsuspected lesions (17,18). 

Surgical repair techniques

Surgical repair techniques in MV regurgitation

Mitral annuloplasty
In children, the expansion and deformation of the valve 
annulus mainly occur in the posterior annulus, and mitral 
constriction is the primary mitral annuloplasty surgery. 
Studies have shown that mitral annuloplasty can restore 
valve leaflets and correct left ventricular systolic and diastolic 
function without impairing leaflets motion or reducing the 
orifice area (19). Mitral annuloplasty retains the maximum 
valve tissue and sub-valvular tissue. It maintains the 
ventricular geometry and the normal function of the valve 
and ventricular, which is conducive to the improvement and 
recovery of left ventricular function and long-term survival. 
Pediatric mitral annuloplasty includes modified DeVega or 
Reed annuloplasty and artificial annulus ring (Carpentier 
ring). For infants, the modified Kay-Wooler (Figure 1) 
and the Reed procedures are preferable. For older infants, 
the modified Paneth (Figure 2) or DeVega procedures are 
commonly used. Artificial annulus rings can be used in 
children but not recommended for infants, considering scar 
formation and restriction of the annulus growth and leaflet 
activity caused by sutures and artificial valve annulus (19). 

Moreover, studies showed biodegradable ring for 
CMVM was superior to non-ring annuloplasty, especially 
for young children with smaller annular sizes when standard 
commercial rings were not available or recommended (20). 
Besides, the autologous pericardium is used in annulus 
constriction, and studies showed this technique preserves 
mitral annulus stability and flexibility and decreases the 
risk of mitral stenosis (21-23). Compared with Cor-Matrix, 
using autologous pericardium in MV repair was associated 
with a lower inflammatory reaction, more tissue infiltration, 
remodeling, vascularization, and neointima formation (21). 
Newly engineering treatment using bovine pericardium 
conferred outstanding resistance to calcification and 
preserved more controlling healing than the treated 
autologous peridium in a growing lamb model, which 
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provided a promising direction for mitral annuloplasty in 
the future (24).

MV repair
The anterior leaflet MV cleft is closed with interrupted fine 
stitches, avoiding leaflets distortion and leaflets junction 
reduction. Meanwhile, an annular plication is usually 
performed. When the regurgitation was peripheral or near 
the commissure, the zone of apposition might be closed 
completely using interrupted stitches. The prolapsing 
segment was firstly resected in a quadrangular fashion, 
confirming that both ends of the remnant leaflets had 
enough thickness and strength. The adjacent leaflet tissue 
was then detached from the annulus, over approximately 

a half-length of the resected gap. The two leaflet ends 
were brought together by compression sutures placed on 
the annulus and sutured together. Pledgetts were used to 
reinforce sutures whenever the leaflet tissue was considered 
fragile. For the sliding leaflet technique, abnormal chordae 
tendineae are often attached to the free edges of the cleft. 
In most cases, the cleft can be closed after resection of 
the abnormal chordae (25). To patients with leaflet tissue 
defects, extending the leaflet with a biological patch, 
such as glutaraldehyde treated autologous pericardial or 
heterologous patch material, is applied to patients (9). Alfieri 
first proposed MV double orifice valve repair technique, also 
known as the edge-to-edge technique (Figure 3), which was 
used as a salvage procedure for patients who had residual 

A B C

Figure 2 Modified Paneth procedures in congenital MV regurgitation. (A) Shortening the posterior annulus with polypropylene sutures. 
The extent of shortening should be prudently chosen to effect a good leaflet coaptation based on the calculated weight-related valve size.  
(B) The shortened posterior annulus was stabilized with an untreated autologous pericardial strip. (C) Completed repair. Black arrows refer 
to direction of growth After Posterior Annular Stabilization. MV, mitral valve.

A B

Figure 1 Wooler annuloplasty in congenital MV regurgitation. (A) Reduction of the mural portion of the annulus obtained with the 
application of two polyester sutures at the commissures. (B) The suture avoids the compromises to the width of the septal leaflets. The aortic 
leaflet projection is represented by the dashed line. S, width of the septal leaflets; MV, mitral valve.
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regurgitation after attempts with other techniques. The 
anterior and posterior leaflets were sutured together at 
the midpoint. This technique is easy to operate and works 
well with less reoperation and mitral stenosis, showing 
promising efficacy in mortality, reoperation rates, and  
complications (26). Even with severe anterior leaflet 
malformation, mitral double orifice repair and annuloplasty 
can achieve desirable results. At present, this technique 
has become a routine surgical treatment of pediatric MV 
prolapse with incomplete closure (26-29). Percutaneous 
edge-to-edge MV repair using the MitraClip has been used 
in children in several cases, and it may prove to be a novel 
and effective palliation to consider in a subgroup of pediatric 
patients (30,31).

Sub-valvular structure repair 
MV chordoplasty (elongation and rupture of the chordae) is 
an important cause of MV insufficiency. Chordae papillary 
muscle plasty is commonly performed for sub-valvular 
structure repair. For MV prolapse caused by the simple 
lengthening of the chordae, the commonly used method is 
to shorten the chordae, split the papillary muscles, fold the 
excessively long part of the chordae and bury them in the 
papillary muscles (32). For the rupture of the main tendon 
of the anterior leaflet of the MV or the lack of chordae 
at the edge of the anterior leaflet, the normal autogenous 
chordae can be transferred (33). Besides, artif﻿icial chordae 
implantation (Figure 4) are usually applied to elder children 
in a range of pathological settings with satisfied effectiveness 
(34-40), with advantages that the number, length, and 
implantation of the implanted tendons can be determined 
according to the intro-operation situation. The proper 
determination of the chordae to meet children’s growing 

needs is still the main challenge of this technique.

Surgical repair techniques in MV stenosis

Supra-valvar
Supra-annular mitral ring (SMR) is a rare developmental 
anomaly of the supra-valvular area of the MV, producing 
various lesions in the left ventricular. Surgical management 
of SMR has been proven to obtain a good prognosis with 
appropriate strategies. SMR is commonly associated 
with other cardiac anomalies, such as ventricular and left 
ventricular outflow tract pathologies, especially sub-aortic 
membrane, bicuspid aortic valve, and coarctation of the 
aorta. And it is one of the specific features of Shone’s complex 
(41,42). For the supra-mitral ring, attaching above the valve 
annulus, direct resection can be performed. For the intra-
mitral ring where thickened tissue covers the atrial surface 
of the leaflet and often crosses the commissures, resection 
can be difficult, especially in young infants because the ring 
tissue is usually very adherent to the native leaflet. Surgical 
correction consists of resecting the fibrous tissue, taking care 
not to damage the anterior leaflet and pulmonary veins. 

Valvar
The restricted leaflet mobility is usually caused by 
fibroelastic tissue growth as a membrane on the leaflets 
themselves or a thick chord, like in the mitral arcade. 
Leaflet mobility can be severely restricted, involving both 
anterior and posterior leaflets. These leaflets are often 
affected beginning at the base of the leaflet that extends 
towards the free edge. The membrane type of tissue 
most often can be peeled off the native leaflet using a 
combination of sharp and blunt dissection, similar to the 

A B C

Figure 3 Edge-to-edge technique for MV repair. (A) Severe dilatation of the mitral annulus allows the implantation of an adult-size 
annuloplasty ring. (B) In small children, annular stabilization can be achieved with a Gore-Tex strip. The segments of the strip are 
interconnected with absorbable sutures. (C) Gore-Tex bridge reinforcement. MV, mitral valve. 
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technique of endarterectomy in a diseased vessel. The leaflet 
edge is often rolled, and extra care must be taken to prevent 
significant leaflet injury. Commissurotomy can manage 
commissural leaflet fusion. As the leaflet edges are derided, 
the thickened chords associated with a mitral arcade are 
approached.

Subvalvar
The significant abnormality in congenital MV stenosis is 
the abnormally developed papillary muscles and associated 
chordal structures. These structures are often fused, and 

removing the connective tissue layer can be complex, and 
sharp chordal splitting is often required, fused chordae and 
papillary muscle are treated by chordal division and muscle 
splitting, respectively, to restore proper leaflet motion (43). 
In young infants, this can be very challenging because the 
chords cannot be easily identified, risking transaction and 
creating of a flail segment of the leaflet (44).

Assessment of MV repair

Except intro-operative echocardiographic assessment, the 

A B

C D

Figure 4 Chordal replacement with an ePTFE suture. (A) A double-armed mattress ePTFE suture was passed through the free edge of 
the prolapsed area from the ventricular side to the atrial side. (B) The sutures were passed through the papillary muscle corresponding 
to the prolapsed area, and then passed through a pledget. (C) A nonelongated references chorea was pulled upward to adjust the ePTFE 
suture and move the pledget to suitable point. (D) The new chordae were pulled back through the papillary muscle. ePTFE, expanded 
polytetrafluoroethylene.
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effectiveness of the repair is commonly tested by injecting 
saline through the MV into the left ventricular cavity 
with a bulb syringe. The result is judged to be satisfactory 
when the following conditions are accomplished: (I) the 
closure line of the two leaflets lies parallel to the posterior 
portion of annulus; (II) the surface of coaptation between 
the two leaflets is greater than 3 mm; (III) leaflet mobility 
is satisfactory. An asymmetrical line of closure indicates 
residual prolapse or residual restricted motion of one 
leaflet. Small leakages have little importance as long as the 
three previously exposed criteria are present: they usually 
disappear or remain trivial once the MV is working under 
normal systolic pressure.

MVR

The MVR is inevitable when children have severe, difficult-
to-repair MV malformations or the effects of various 
angioplasty are unsatisfied. If the valve is too large, it 
is sutured into supra-annular position with interrupted 
pledged sutures (45). However, this procedure may lead to 
left atrium pressures because of the rigid prosthetic ring loss 
of left atrium distensibility. The chimney technique was used 
to solve annulus-prosthesis mismatch without negatively 
affecting the opening of the leaflets. In this procedure, a 
custom-made composite graft with a 16-mm Carbomedics 
mitral prosthesis and a 20-mm Dacron graft is used and 
implanted in the supra-annular position (46-48). In general, 
mechanical valves and stented bovine jugular vein valves are 
preferable to bioprosthetic valves due to less calcification 
and better durability (49-51). Pulmonary autograft mitral 
valve replacement (PA-MVR), also known as ROSS II, was 
introduced clinically in infants with intractable CMVM. 
During this procedure, reinforcement of the pulmonary 
outer wall is required to retain a suitable valve function. 
Besides, reinforcement with a cylinder of expanded 
polytetrafluoroethylene is efficient to maintain pulmonary 
autograft configuration and function (52-56). However, 
options for MVR in neonates and infants are challenging 
because fixed-diameter prostheses cannot accommodate 
somatic growth, and their MV annulus may not match 
larger mechanical prostheses. Therefore, numerous valve 
modification and implantation techniques were used to 
tailor surgical strategies utilized for MVR in infants to create 
an opportunity to perform MVR at an earlier time and 
achieve reliable valve function and excellent survival. Novel 
annular and supra-annular MVR is a helpful strategy for 
accommodating a larger prosthesis by modifying the small 

native annulus to a larger “net-annulus” (57,58). The stented 
bovine jugular vein graft (Melody valve) can be expanded 
through a balloon catheter to achieve the best diameter  
(12–20 mm) (59).  Melody valve modification and 
implantation techniques, such as stent shortening, adding a 
pericardial sewing cuff, intraoperative balloon expansion, and 
fixation of the distal stent to the inferior left ventricle wall, 
can result in acceptable short-term function by reducing left 
ventricular outflow tract obstruction and paravalvular leaks. 
Besides, the Melody valve can be percutaneously expanded 
as the child grows (60). 

Outcomes of surgical strategies 

MV repair

In 2016, Vida reported MV regurgitation and stenosis 
combined studies among 100 patients who underwent 
MV repair, which showed actuarial survival of 95%, 94%, 
and 93% at 5, 10, and 20 years, respectively; 16 patients 
(18%) required reintervention due to subsequent MV  
dysfunction (61). In the Makoto series, freedom from 
reoperation for patients with isolated mitral regurgitation 
and other congenital heart diseases at 10 years was 91.7% 
and 68.4%; actuarial survival was 97.0% and 85.1%, 
respectively (25). In a large cohort study aimed at patients 
who underwent MV repair for MV dysplasia, operative and 
follow-up mortality was 0%. Reintervention in the whole 
population occurred in 31% of patients (62). For simply 
MV regurgitation study, Shi and colleagues reported that 
overall freedom from moderate or greater MV regurgitation 
was 96.3%, 91.9%, and 83.6% at 2, 5, and 10 years,  
respectively (63). Jiang reported that the freedom from 
moderate or severe regurgitation after MV repair was  
92.3% (64). For simply MV stenosis study, Cho and colleagues 
reported that the survival rate was 85.9%±7.6% (65).  
Management of SMR has a relatively good outcome, with a 
20-year survival rate of 82% and freedom from reoperation 
rate of 88%. CMVM patients with other associated cardiac 
anomalies would increase the risk of poor outcomes and 
death, such as pulmonary stenosis and left ventricular outflow 
tract obstruction-related etiology (66,67). Moreover, patients 
diagnosed with Shone’s anomaly were risk factors for late 
mortality (41). A 23-year follow-up of 45 infants with Shone’s 
anomaly showed the rate of freedom from reoperation was 
about 97.6%, 89.3%, 77.1%, 72.0%, and 52.8% at 30 days, 1, 
5, 10, and 15 years postoperatively. Moreover, the cumulative 
survival rate ranges from 97.6% to 70.3% at 30 days to  
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15 years postoperatively (68). In addition, the importance of 
residual regurgitation and stenosis during MV repair should 
be carefully evaluated to guide intraoperative decision-
making. Results of several studies showed post-repair MV 
regurgitation to be a predominant predictor of death or 
reoperation (34,69,70). Overall, MV repair shows acceptable 
early mortality and reoperation rates; the outcome of MV 
regurgitation is slightly better than MV stenosis.

MVR

MVR is an uncommon procedure in children due to higher 
mortality and morbidity rates than MV repair. With the 
development of tailored surgery techniques and durable 
prostheses, MVR has been successfully performed to satisfy 
eligible patients’ short-term and long-term outcomes. 
Brancaccio et al. (71) conducted a retrospective study 
including 115 patients undergoing MVR and reported 
death or transplant-free survival was nearly 77% at 5 years 
and 72% at 10 years. Freedom from MV re-replacement 
was 90% and 72% at 5 and 10 years. A sizeable multi-
institutional study showed that the early mortality (<90 days)  
was 11.1%, and the risk could be increased by younger 
age (<2 years) and concurrent different mechanical valve 
placement. Moreover, among those children who survived 
more than 90 days, the transplant-free survival was 76% 
at 20 years of follow-up (72). MVR in neonates and 
infants is much challenging. Moon et al. (58) reported 
that overall survival rates and freedom from redoing the 
MVR at 10 years were 88.9% and 57.8% among 18 infants 
who underwent the 16-mm TAS mechanical valves. A 
multicenter cohort study involving 17 infants documented 
that the 15-mm prosthesis can be safely performed in 
neonates and infants, and the median freedom from redoing 
MVR for outgrowth was 3.5 years (73). 

Further research

CMVM in pediatric patients encompasses a broad range of 
pathology, varying in different anatomical abnormalities. 
Though the prevalence of CMVM is rare, it has a significant 
burden of morbidity and mortality on carriers. Surgical 
strategies in infants and children pose numerous challenges. 
Outcomes for surgical management of MV disease is 
depended on the patient’s age and weight, the anatomic 
substrate, associated cardiac anomalies, the presence or 
absence of pulmonary hypertension, and center expertise. 
Improvements in pre-operative, intraoperative, and post-

operation assessment techniques benefit from providing 
congenital heart surgeons with accurate evaluations of MV 
pathology. Although MVR among infants has obtained 
encouraging results, a more extensive study is needed to 
verify the safety and effectiveness of operations.

Moreover, modification of valve design and implantation 
techniques is necessary to reduce complications and residual 
regurgitation. Future advances with a tissue-engineered 
prosthesis may change the landscape for valve replacement 
in the pediatric population. In addition, research on 
CMVM surgical strategies and outcomes are predominantly 
retrospective studies reviewing cases over a long period, 
and therefore recall time-effects are inevitable due to 
rapidly developed surgical techniques. Further prospective 
multicenter studies may provide updated and improved 
evidence and achieve better outcomes for patients.
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