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Abstract 

The cleft mitral valve leaflet is a common cause of congenital mitral regurgitation and is most often associated with 
other congenital heart defects, usually endocardial cushion defects. Cases in which cleft mitral valve leaflet is found 
without an associated defect are called isolated mitral valve clefts. We report a case of mitral valve repair for severe MR 
due to an isolated cleft with minimally invasive cardiac surgery using  ORBEYETM in a 16-year-old male patient. Mitral 
regurgitation caused due to a defect in the anterior leaflet of the isolated mitral valve was observed on echocardiog-
raphy. Minimally invasive cardiac surgery was performed using  ORBEYETM, a newly developed surgical microscope, 
and the cleft was closed using interrupted sutures. The postoperative course was uneventful, with minimal mitral 
regurgitation observed. Therefore, early intervention should be considered for severe mitral regurgitation due to a 
mitral valve leaflet cleft.
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Background
The cleft mitral valve leaflet (CMVL) is a common cause 
of congenital mitral regurgitation (MR). CMVL results 
from congenital mitral hypoplasia and is often associated 
with endocardial cushion defects [1–4]. CMVL without 
an associated defect is called an isolated mitral valve 
cleft, a rare congenital anomaly that was first described in 
1954 [5]. Here we report a case of an isolated mitral valve 
leaflet repair for severe MR due to isolated cleft by mini-
mally invasive cardiac surgery (MICS) using  ORBEYETM.

Case presentation
The patient was a 16-year-old male. A heart murmur was 
detected during childhood. Echocardiography showed 
MR, and the patient was subsequently monitored. Severe 
MR was observed along with expanded left ventricle and 
atrium. The patient was referred to our department for 
surgical treatment.

Echocardiography revealed a defect in the anterior leaf-
let of the isolated mitral valve causing MR (Fig.  1). The 
mitral annulus was in a normal position, with the cleft 
pointed toward the left ventricular outflow tract. The 
mitral and tricuspid valves were attached to the septum 
at different levels, with the tricuspid valve attached more 
inferiorly.

We performed MICS using  ORBEYETM (OLYMPUS, 
Tokyo, Japan). First, we inserted a venous drainage can-
nula from the right femoral and internal jugular vein 
and an arterial cannula from the right femoral artery. 
An incision was made in the right chest 6cm to access 
the intercostal space. We deflated the right lung and 
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opened the pericardium horizontally superior to the 
phrenic nerve. We inserted an antegrade cardioplegia 
catheter into the ascending aorta and performed aortic 
cross-clamping.

The left atrium was opened and an atrial lift retrac-
tor was used to expose the mitral valve. We observed 
an I-shaped cleft with thin and smooth edges between 
A2 and A3 segments (Fig.  2). The chordae tendineae 
were missing at cleft and those in the A3 region were 
membranous (Fig. 3). The cleft was closed using inter-
rupted sutures with 5-0 Prolene (Fig.  4). Artificial 
chordae tendineae were implanted from the same site 
to the posterior papillary muscle (Fig.  5). Annulo-
plasty was performed using an artificial ring CG future 
30mm(Medtronic, Dublin, Ireland) and a water test was 
performed to check for leakage (Fig. 6). Finally, the car-
diopulmonary bypass was withdrawn to complete the 
surgery. The duration of the operation was 275 min, 
cardiopulmonary bypass duration was 131 min, and 
aortic cross-clamping duration was 91 min.

The postoperative course was uneventful, and the 
echocardiography showed minimal MR. He was dis-
charged from the hospital 16 days after the operation.

Fig. 1 Two-dimensional transthoracic echocardiography (parasternal short-axis view) in a patient with isolated anterior cleft of the mitral valve (*). 
A mitral regurgitation jet is obtained from the isolated anterior cleft of the mitral valve leaflet

Fig. 2 Intraoperative view of an isolated cleft of the anterior leaflet of 
the mitral valve
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Discussion
A newly developed surgical microscope,  ORBEYETM was 
launched in the United States and Japan in October 2017. 
This microscope offers 4K, high-quality, three-dimen-
sional imaging for surgeons. Since it lacks an eyepiece, 
the surgeons operate while watching surgical field images 
on a 55-inch monitor using special three-dimensional 
glasses (Fig.  7) [6]. ORBEYE enables surgery with high 
image quality and a large screen, making it possible to 
share intraoperative findings not only with the operator 
but also with everyone in the operating room. In addi-
tion, as an advantage in minimally invasive cardiac sur-
gery, the angle of the camera can be adjusted at hand, so 
the operative field can be observed at an angle that can-
not be seen under direct vision.

The mitral valve leaflet cleft is often associated with 
congenital heart diseases, such as atrioventricular sepsis. 
Isolated mitral valve leaflet cleft, such as the one in this 
case, is rare [1–4]. The mitral valve is known to originate 
from endocardial cushioning. The atrioventricular tube 
located between the left side of the primitive atrium and 
the left ventricular primordium gradually moves to the 
right. At the same time, the endocardial cushion tissue 
develops vertically and horizontally, and the atrioven-
tricular tube deforms into an H-shape. As the movement 
to the right progresses, new traffic is created between the 
right primitive atrium and ventricle. Eventually, the upper 
and lower endocardial cushion tissues are fused to form a 
tricuspid and mitral valve from one atrioventricular canal 
[7]. The cause of the isolated mitral valve leaflet cleft, as 
in this case, has not been clarified, but it is expected to be 
caused by a defect in the endocardial cushion [7].

In this case, since the width of the cleft was small 
and its edges relatively thin and smooth, it was closed 
using interrupted sutures. However, if the cleft is rel-
atively large, the cleft is shape like an inverted V, and 
We are required to repair using glutaraldehyde-treated 

Fig. 3 The chordae tendineae at A2 are missing. The chordae 
tendineae at A3 are membranous

Fig. 4 Cleft closure was performed using interrupted sutures with 
5-0 Prolene

Fig. 5 An artificial chordae tendineae was erected from A2 to the 
posterior papillary muscle

Fig. 6 An annuloplasty was performed using an artificial ring and a 
water test was performed to confirm the absence of leakage
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autologous pericardium for patch material. Di Segni 
and Edwards reported that mitral valve leaflet clefts 
in young patients were able to close using interrupted 
sutures [8]. They observed that a relationship exists 
between the age of the patients and the thickness of 
the cleft edges. And there have been many successful 
outcomes of mitral valve leaflet cleft repair [9]. Hence, 
early intervention should be considered in case of 
severe MR due to a mitral valve leaflet cleft. However, 
in young patients, all organs, including the heart, are 
still in the growth stage and expand, so the timing of 
the operation is uncertain. The heart cells stop expand-
ing around the age of 15, and there is no difference from 
that of an adult [10]. Cardiomyocyte transverse diam-
eter has been found to correlate with ventricular wall 
thickness, ventricular weight, and whole heart weight 
[11]. Therefore, it seems ideal to perform the operation 
after the age of 15 years.

Abbreviations
CMVL  Cleft mitral valve leaflet
MR  Mitral regurgitation
MICS  Minimally invasive cardiac surgery

Acknowledgements
Not applicable

Authors’ contributions
MS and KE and HW contributed to the success of this operation. MA con-
tributed to the manuscript drafting. All authors read and approved the final 
manuscript.

Funding
Not applicable

Availability of data and materials
Not applicable

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 25 August 2022   Accepted: 5 January 2023

References
 1. Yuan X, Zhou A, Chen L, et al. Diagnosis of mitral valve cleft using real-

time 3-dimensional echocardiography. J Thorac Dis. 2017;9(1):159–65.

Fig. 7 ORBEYE system offers 4K, high-quality, three-dimensional imaging for surgeons. Since it lacks an eyepiece, the surgeons operate while 
watching surgical field images on a 55-inch monitor using special three-dimensional glasses



Page 5 of 5Hayama et al. General Thoracic and Cardiovascular Surgery Cases            (2023) 2:25  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

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

 3. Van Praagh S, Porras D, Oppido G, Geva T, Van Praagh R. Cleft mitral valve 
without ostium primum defect: anatomic data and surgical considera-
tions based on 41 cases. Ann Thorac Surg. 2003;75(6):1752–62.

 4. McDonald RW, Ott GY, Pantely GA. Cleft in the anterior and posterior 
leaflet of the mitral valve: a rare anomaly. J Am Soc Echocardiogr. 
1994;7(4):422–4.

 5. Timoteo A, Galrinho A, Fiarresga A, et al. Isolated cleft of the anterior 
mitral valve leaflet. Eur J Echocardiogr. 2007;8(1):59–62.

 6. OLYMPUS, ORBEYE, http:// medic al. olymp usame rica. com/ produ cts/ 
orbeye. Accessed 27 Apr 2022.

 7. Wernovski G, Anderson RH, Kumar K, Anderson RH, Brown NA, Mohun TJ, 
et al. Embryology of the Heart. In:  Anderson’s Pediatric Cadiology. 4th ed. 
Philadelphia: Elsevier; 2020. p. 33–48.

 8. Di Segni E, et al. Cleft anterior leaflet of the mitral valve with intact septa: 
a study of 20 cases. Am J Cardiol. 1983;51:919–26.

 9. Perier P, et al. Isolated cleft mitral valve: valve reconstruction techniques. 
Ann Thorac Surg. 1995;59:56–9.

 10. Nishikawa T, et al. Human myocardial development. Jpn J Electrocardiol. 
1990;10:suppl.1.

 11. Arai S, et al. Myocardial structure and vascularization of hypertrophied 
hearts. Tohoku J Exp Med. 1968;95:35–54.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://medical.olympusamerica.com/products/orbeye
http://medical.olympusamerica.com/products/orbeye

	Isolated anterior mitral valve leaflet cleft repair with minimally invasive cardiac surgery using ORBEYETM
	Abstract 
	Background
	Case presentation
	Discussion
	Acknowledgements
	References


