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Abstract

Background: Isolated cleft mitral valve (ICMV) may occur alone or in association with other congenital heart lesions. 
The aim of this study was to describe the profile of cardiac lesions associated with ICMV and their potential impact on 
therapeutic management.

Methods: We conducted a descriptive study with data retrieved from the Congenital Heart Disease (CHD) single-center 
registry of our institution, including patients with ICMV registered between December 2008 and November 2014.

Results: Among 2177 patients retrieved from the CHD registry, 22 (1%) had ICMV. Median age at diagnosis was 5 years 
(6 days to 36 years). Nine patients (40.9%) had Down syndrome. Seventeen patients (77.3%) had associated lesions, including 
11 (64.7%) with accessory chordae in the left ventricular outflow tract (LVOT) with no obstruction, 15 (88.2%) had ventricular 
septal defect (VSD), three had secundum atrial septal defect, and four had patent ductus arteriosus. Thirteen patients (59.1%) 
required surgical repair. The decision to proceed with surgery was mainly based on the severity of the associated lesion in 
eight patients (61.5%) and on the severity of the mitral regurgitation in four patients (30.8%). In one patient, surgery was 
decided based on the severity of both the associated lesion and mitral regurgitation.

Conclusion: Our study shows that ICMV is rare and strongly associated with Down syndrome. The most common associated 
cardiac abnormalities were VSD and accessory chordae in the LVOT. We conclude that cardiac lesions associated with ICMV 
are of major interest, since in this study patients with cardiac lesions were diagnosed earlier. The decision to operate on these 
patients must take into account the severity of both mitral regurgitation and associated cardiac lesions. (Arq Bras Cardiol. 
2016; 106(5):367-372)
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Introduction
A mitral valve cleft not associated with an atrioventricular 

septal defect (AVSD) or a common atrioventricular junction is 
often referred as “isolated cleft mitral valve” (ICMV) or as “true 
mitral valve cleft”. This uncommon congenital cardiac disease 
is associated with a variable degree of mitral regurgitation (MR) 
and may occur alone or in association with other congenital 
heart lesions.

Some earlier reports have highlighted the anatomical 
and echocardiographic features of ICMV.1-6 With the advent 
of high-resolution echocardiography, ICMV and associated 
cardiac lesions may be readily diagnosed.2,3 Recognition of 
the spectrum of cardiac abnormalities associated with ICMV 
is paramount, as the severity of the associated cardiac lesions 

may determine the timing of the intervention. Patients with 
associated lesions have been reported to be more symptomatic 
and, therefore, tend to be diagnosed earlier than patients with 
ICMV alone. Also, the type and severity of the associated 
cardiac lesions may influence the type of intervention in the 
setting of substantial MR.

The aim of our study was to identify the spectrum of the 
cardiac lesions associated with ICMV and define their impact 
on the diagnosis delay and the therapeutic management.

Methods
Our study used data from patients registered from 

December 2008 to November 2014 obtained from the 
Congenital Heart Disease (CHD) single-center registry 
of our university hospital. The diagnosis of ICMV was 
based on echocardiographic findings in all patients and 
was established by the same operator (A.D.). ICMV was 
defined as the presence of a cleft in the anterior leaflet 
of the mitral valve, visualized in the parasternal short-axis 
or subcostal view of the mitral valve. Consistent with 
Anderson's description,7 the cleft should appear very 
much like an “artificial cleft produced in a normal valve 
with a scalpel”.
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Definitions of the positions of the cleft as "anterior lateral” 
or “anterior median" was based on the description by Di 
Segni et al.3 “Anterior median” refers to the classic position 
of the cleft, as described by the authors, in the middle of the 
anterior leaflet, pointing toward the left ventricular outflow 
tract (LVOT). “Anterior lateral”, in turn, refers to decentralized 
clefts, in which the lateral portion of the anterior leaflet is 
wider than the medial portion or the medial portion is wider.

Demographic and clinical characteristics, as well as 
therapeutic management of all patient with ICMV were 
recorded. Patients with AVSD were excluded from the 
analysis. The severity of the MR was estimated qualitatively 
by color Doppler with the evaluation of the degree of 
regurgitant mitral flow in the left atrium (LA), and/or 
quantitatively using the proximal isovelocity surface area 
to calculate the effective regurgitant orifice area (EROA) 

wi th  the formula   or 

with a simplified formula ( ).8 The degree of 

MR was classified as follows: (1) mild, when the color 
flow of the MR jet was small and central (usually 4 cm2 
or < 20% of the LA area), and/or EROA < 0.20 cm2, 
regurgitant volume (RV) < 30 mL, regurgitant fraction 
(RF) < 30%; (2) moderate, when the color flow of the MR 
jet was intermediate and/or 0.20 ≤ EROA < 0.40 cm2, 
30 ≤ RV < 60 mL, 30% ≤ RF < 50%; and (3) severe, when 
the color flow of the MR jet was large and central (usually 
> 10 cm2 or > 40% of the LA area) or in the presence of 
a wall-impinging jet swirling of variable size in the LA and/
or EROA ≥ 0.40 cm2, RV ≥ 60 mL, RF ≥ 50%.9,10

The systolic pulmonary artery pressure (SPAP) was 
estimated from the tricuspid regurgitant jet peak velocity 
using the modified Bernoulli equation (peak gradient = 4V2, 
where V is the maximal velocity of the tricuspid regurgitant 
jet measured by continuous-wave Doppler).

We reported all associated cardiac lesions and described 
them according to the international nomenclature based on 
the International Pediatric and Congenital Cardiac Code.11  
SA peak Doppler gradient greater than 20 mmHg characterized 
the occurrence of a subaortic obstruction.

Statistical analysis
Data are expressed as mean ± standard deviation or as 

median (range), and categorical variables are expressed as 
percentage. All analyses were conducted using SPSS (version 
20.0, SPSS Inc., Chicago, IL, USA).

Results
Among 2177 patients with a CHD, 22 (1%) had an ICMV. 

The median age at diagnosis was 5 years (6 days to 36 years), 
and 50% of the patients were diagnosed before the age of 
4 years. Patients with associated lesions were diagnosed at 
a median age of 20 months (range 6 days to 33 years), and 
patients without associated lesions were diagnosed at a 
median age of 9 years (range 6 years to 36 years). The rate 
of consanguinity was 9.1%, and the male-to-female ratio was 

0.83. Nine patients (40.9%) had Down syndrome. In one 
patient the cleft was in an anterior lateral position, and in 
21 (95.5%) patients the cleft was in the an anterior median 
position. MR was severe in 5 patients (22.7%), moderate in 
two patients (9.1%), mild in six patients (27.3%), and absent 
in nine patients (40.9%) (Table 1).

A total of 17 patients (77.3%) had associated lesions 
(Table 2). Among them, 11 (64.7%) had accessory 
chordae in the LVOT with no obstruction, 15 (88.2%) had 
ventricular septal defects (VSD; perimembranous = 8, 
inlet = 7) with a median diameter of 14 mm (2 mm 
to 41 mm), three patients had secundum atrial septal 
defects (ASD), and four patients had patent ductus 
arteriosus (PDA). Eight patients (36.4%) had pulmonary 
hypertension. Surgery was proposed to 13 patients, 
the recommendations was based on the severity of the 
associated lesions in eight patients (61.5%) and the severity 
of the MR in four patients (30.8%) (Figures 1 and 2). In one 
patient, the decision of surgery was based on the severity 
of both the associated lesion and mitral regurgitation.

Discussion
The first description of ICMV was in 1954 by Edwards et 

al.12 The definition of ICMV by the Congenital Heart Surgery 
Nomenclature and Database Project is a “cleft in the anterior 
mitral valve leaflet not associated with primum ASD or other 
features of AVSD (with or without other associated defects)”.13 
It is a rare cause of congenital MR with an incidence in 
the pediatric population of 1:1340.14 In our study, ICMV 
represented 1% of all CHD.

As described by Perier and Clausnizer et al.,15 some 
anatomic features are specific to ICMV. Unlike clefts 
associated with AVSD, the mitral annulus in ICMV is located 
in its normal anatomic position and the cleft points towards 
the LVOT, whereas the mitral and tricuspid valves are 
attached to the interventricular septum at different levels 
(the tricuspid valve junction is lower than that of the mitral 
valve junction).

In our study, the age at diagnosis ranged from 6 days to 
36 years, which is consistent with previous data reporting 
an age ranges from 1 day to 52 years.1,3,15,16 Patients with 
associated lesions were diagnosed at a median age of 
20 months (range 6 days to 33 years), whereas those without 
associated lesions were diagnosed at a median age of 9 years 
(range 6 years to 36 years). These findings are consistent 
with a previous study17 showing that patients with ICMV and 
associated lesions had an earlier presentation and substantial 
cardiac symptoms, which related more to the associated 
cardiac lesions than to the ICMV itself.

In our study, 40.9% of the patients had Down syndrome. 
This frequency was higher in comparison with other 
published series that have reported incidences from 10% 
to 25%.5,6,17 In a recent study, Thankavel et al. reported 
an incidence of ICMV of 6.5% in individuals with the 
syndrome.18 This high incidence of Down syndrome in 
patients with ICMV suggests a possible connection between 
this genetic abnormality and ICMV.
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Table 1 – General characteristics of the ICMV population

General characteristics ICMV associated with other 
cardiac lesions ICMV alone All patients

Number of patients 17 (77.3%) 5 (22.7%) 22 (100%)

Median age at diagnosis 2 years and 9 months
(6 days to 33 years) 12 years (9 years to 36 years) 5 years (6 days to 36 years)

Consanguinity rate 2 (11.8%) 0 2 (9.1%)

Gender

Male 7 (41.2%) 3 (60%) 10 (45.5%)

Female 10 (58.8%) 2 (40%) 12 (54.5%)

Ratio 0.7 1.5 0.8

Down syndrome 9 (52.9%) 0 9 (40.9%)

Location of the cleft

Anterior median 17 (100%) 4 (80%) 21 (95.5%)

Anterior lateral 0 1 (20%) 1 (5.5%)

Level of regurgitation

Severe 2 (11.8%) 3 (60%) 5 (22.7%)

Moderate 2 (11.8%) 0 2 (9.1%)

Mild 4 (23.5%) 2 (40%) 6 (27.3%)

Absentusente 9 (52.9%) 0 9 (40.9%)

Therapeutic management

Surgical 11 (64.7%) 2 (40%) 13 (59.1%)

Medical 4 (23.5%) 2 (40%) 6 (27.3%)

None 2 (11.8%) 1 (20%) 3 (13.6%)

ICMV: isolated cleft mitral valve.

Table 2 – Distribution of associated cardiac lesions in ICMV

Type of associated lesion Number and percentage (n = 17)

VSD 15 (88.2%)

Perimembranous 8 (47.1%)

Inlet 7 (41.2%)

Accessory chordae in LVOT 11 (64.7%)

PDA 4 (23.5%)

ASD (ostium secundum) 3 (17.7%)

ICMV: isolated cleft mitral valve; VSD: ventricular septal defect; LVOT: left ventricular outflow tract; PDA: patent ductus arteriosus; ASD: atrial septal defect.

Isolated clefts can be diagnosed adequately by 
two-dimensional Doppler echocardiography.19 Following the 
advent of high-resolution cross-sectional echocardiography 
and three-dimensional echocardiography, ICMV has been 
more readily diagnosed and appears to be more common than 
previously thought.4,20 Echocardiography can demonstrate the 
cleft and evaluate its severity. In our series, MR was graded 
as moderate or severe in 31.8% of the cases, whereas ICMV 
without regurgitation was recorded in nine patients (40.9%). 
These findings contrast with those by Fraisse et al.,21 who 

reported a higher incidence of moderate to severe MR (45.5%). 
Furthermore, echocardiography may identify anatomical 
malformations associated with ICVM, such as secundum ASD, 
transposition of the great arteries, VSD, tricuspid atresia, PDA, 
coarctation of the aorta, double outlet right ventricle, and 
anomalous pulmonary venous connection.22,23 In our study, 
ICMV was associated with other congenital cardiac lesions in 
17 patients (77.3%). The most frequent associated lesion was 
VSD in 15 patients (88.23%), which is in agreement with the 
findings by Zhu and al.24 who have reported an associated 
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Figure 1 – Reasons for choosing surgery as a therapeutic option in a  population with isolated cleft mitral valve.

Figure 2 – Level of mitral regurgitation in patients with isolated cleft mitral valve referred to surgery.

VSD in 50% of the patients with ICVM. Accessory chordae 
was found in 11 patients (64.7%), none of whom had LVOT 
obstruction. While an incomplete coaptation of the two halves 
of the cleft anterior leaflet is typically the cause of associated 
MR, particularly when a wide cleft is present,6 accessory 
chordae may cause LVOT stenosis and thereby contribute to 
the mechanism of MR. Previous pathological studies have also 
suggested that restriction of the motion of the anterior mitral 
leaflet caused by accessory chordae may be an additional 
mechanism.6 The importance of this latter mechanism has long 
been recognized as a limitation to the success of mitral valve 
repairs in patients with AVSD once the cleft has been sutured,25 
but no data have been described addressing the impact of the 
existence of accessory chordae on the success of surgical repair 
in an ICMV population.

Of all patients referred to surgery in our study, 61% were 
referred because of the severity of the associated lesions. 
Only 31% of the patients were operated on exclusively due to 
the severity of the MR. A total of 54% of the patients operated 
on in our study had mild to moderate MR, suggesting that 
the indication for surgery was based on the severity and 
complexity of the associated lesions in most patients.

The high incidence of associated congenital cardiac lesions 
in the ICMV population is of major interest. Often, a substantial 

cleft can be repaired at the same time that the other cardiac 
lesions are repaired. In the absence of other congenital cardiac 
lesions, the decision about surgical intervention should be 
taken based on the MR severity and its clinical impact. If the 
degree of regurgitation is only mild to moderate, the surgical 
repair is not urgent, since the regurgitation does not progress 
over the intermediate term.24

Conclusion
Our study shows that ICMV is rare and frequently 

associated with Down syndrome. Perimembranous VSD 
and accessory chordae in the LVOT were the most common 
associated cardiac abnormalities. ICMV may be of major 
interest in these cases because patients with associated lesions 
seem to be diagnosed earlier. The decision to operate on the 
ICMV should take into account the severity of both the MR 
and associated cardiac lesion.

Author contributions
Conception and design of the research and Acquisition 

of data: El hammiri A, Drighil A, Benhaourech S; Analysis 
and interpretation of the data and Statistical analysis: 
El hammiri A, Benhaourech S; Writing of the manuscript: 

370



Original Article

El hammiri A et al.
Profile of isolated cleft of mitral valve

Arq Bras Cardiol. 2016; 106(5):367-372

1. Di Segni E, Bass JL, Lucas RV Jr, Einzig S. Isolated cleft mitral valve: a 
variety of congenital mitral regurgitation identified by 2-dimensional 
echocardiography. Am J Cardiol. 1983;51(6):927-31.

2. Smallhorn JF, de Leval M, Stark J, Somerville J, Taylor JF, Anderson RH, et al. 
Isolated anterior mitral cleft. Two dimensional echocardiographic assessment 
and differentiation from “clefts” associated with atrioventricular septal 
defect. Br Heart J. 1982;48(2):109-16.

3. Di Segni E, Kaplinsky E, Klein HO. Color Doppler echocardiography of 
isolated cleft mitral valve. Roles of the cleft and the accessory chordae. Chest. 
1992;101(1):12-5.

4. Kohl T, Silverman NH. Comparison of cleft and papillary muscle position in cleft 
mitral valve and atrioventricular septal defect. Am J Cardiol. 1996;77(2):164-9.

5. Sigfusson G, Ettedgui JA, Silverman NH, Anderson RH. Is a cleft in the 
anterior leaflet of an otherwise normal mitral valve an atrioventricular canal 
malformation? J Am Coll Cardiol. 1995;26(2):508-15.

6. Di Segni E, Edwards JE. Cleft anterior leaflet of the mitral valve with intact 
septa. A study of 20 cases. Am J Cardiol. 1983;51(6):919-26.

7. Anderson RH, Zuberbuhler JR, Penkoske PA, Neches WH. Of clefts, 
commissures, and things. J Thorac Cardiovasc Surg. 1985;90(4):605-10.

8. Thavendiranathan P, Phelan D, Collier P, Thomas JD, Flamm SD, Marwick 
TH. Quantitative assessment of mitral regurgitation: how best to do it. JACC 
Cardiovasc Imaging. 2012;5(11):1161-75.

9. Lancellotti P, Moura L, Pierard LA, Agricola E, Popescu BA, Tribouilloy C, et 
al. European Association of Echocardiography recommendations for the 
assessment of valvular regurgitation. Part 2: mitral and tricuspid regurgitation 
(native valve disease). Eur J Echocardiogr. 2010;11(4):307-32.

10. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine 
RA, et al. Recommendations for evaluation of the severity of native valvular 
regurgitation with two-dimensional and Doppler echocardiography. J Am 
Soc Echocardiogr. 2003;16(7):777-802.

11. Giroud JM, Jacobs JP, Spicer D, Backer C, Martin GR, Franklin RC, et al. 
Report from the international society for nomenclature of paediatric and 
congenital heart disease: creation of a visual encyclopedia illustrating the 
terms and definitions of the international pediatric and congenital cardiac 
code. World J Pediatr Congenit Heart Surg. 2010;1(3):300-13.

12. Edwards JE. Differential diagnosis of mitral stenosis; a clinicopathologic 
review of simulating conditions. Lab Invest. 1954;3(2):89-115.

13. Sulafa AK, Tamimi O, Najm HK, Godman MJ. Echocardiographic 
differentiation of atrioventricular septal defects from inlet ventricular septal 
defects and mitral valve clefts. Am J Cardiol. 2005;95(5):607-10.

14. Zegdi R, Amahzoune B, Ladjali M, Sleilaty G, Jouan J, Latremouille C, et 
al. Congenital mitral valve regurgitation in adult patients: a rare, often 
misdiagnosed but repairable, valve disease. Eur J Cardiothorac Surg. 
2008;34(4):751-4.

15. Perier P, Clausnizer B. Isolated cleft mitral valve: valve reconstruction 
techniques. Ann Thorac Surg. 1995;59(1):56-9.

16. Snow NJ, Ankeney JL. Congenitally cleft atrioventricular valves 
associated with secundum atrial septal defects. J Thorac Cardiovasc Surg. 
1976;72(6):925-8.

17. Tamura M, Menahem S, Brizard C. Clinical features and management of 
isolated cleft mitral valve in childhood. J Am Coll Cardiol. 2000;35(3):764-70.

18. Thankavel PP, Ramaciotti C. Isolated mitral cleft in trisomy 21: an initially 
‘silent’ lesion. Pediatr Cardiol. 2015 Oct 20. [Epub ahead of print].

19. Kuperstein R, Feinberg MS, Carasso S, Gilman S, Dror Z, Di Segni E. 
The added value of real-time 3-dimensional echocardiography in the 
diagnosis of isolated cleft mitral valve in adults. J Am Soc Echocardiogr. 
2006;19(6):811-4.

20. Banerjee A, Kohl T, Silverman NH. Echocardiographic evaluation of congenital 
mitral valve anomalies in children. Am J Cardiol. 1995;76(17):1284-91.

21. Fraisse A, Massih TA, Kreitmann B, Metras D, Vouhe P, Sidi D, et al. 
Characteristics and management of cleft mitral valve. J Am Coll Cardiol. 
2003;42(11):1988-93.

22. Pifarre R, Dieter RA, Hoffman FG, Neville WE. Atrial secundum septal defect 
and cleft mitral valve. Ann Thorac Surg. 1968;6(4):373-6.

23. Chesler E, Korns ME, Edwards JE. Anomalies of the tricuspid valve, including 
pouches, resembling aneurysms of the membranous ventricular septum. Am 
J Cardiol. 1968;21(5):661-8.

24. Zhu D, Bryant R, Heinle J, Nihill MR. Isolated cleft of the mitral valve: clinical 
spectrum and course. Tex Heart Inst J. 2009;36(6):553-6.

25. Edwards JE. The problem of mitral insufficiency caused by accessory chordae 
tendineae in persistent common atrioventricular canal. Proc Staff Meet Mayo 
Clin. 1960;35:299-305.

References

El hammiri A; Critical revision of the manuscript for 
intellectual content: El hammiri A, Drighil A.

Potential Conflict of Interest

No potential conflict of interest relevant to this article 
was reported.

Sources of Funding

There were no external funding sources for this study.

Study Association

This study is not associated with any thesis or dissertation 
work.

371



Original Article

El hammiri A et al.
Profile of isolated cleft of mitral valve

Arq Bras Cardiol. 2016; 106(5):367-372 372


