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Fibrous skeleton of the heart (cardiac skeleton)



Fibrous skeleton of the heart

➢ Composed of dense connective tissue (fibrous), surrounds 
all 4 valves and bound them together.

➢ Two atria & two ventricles are attached to the conjoined 
fibrous rings in the form of fig. of “8” which bound AV 
orifices.

➢ Two coronets surround roots of aorta and pulmonary trunk.
➢ Pulmonary trunk lie at a higher level than aortic valve 

(connected to fibrous skeleton by conus ligament).
➢ Aortic annulus is central and wedged between mitral and 

tricuspid annuli.



Functions of cardiac skeleton

1. Anchors the bases of the cardiac valves and prevents 
overdilation of the valves.

2. Keep the atrioventricular and semilunar orifices 
patent.

3. Anchors the myocardium of the walls of all four 
cardiac chambers.

4. Allows independent atrial and ventricular contraction 
by electrically insulating the atria above the fibrous 
skeleton from the ventricles below.





Relationship of trigones to the mitral valve commissures



Central fibrous body (Keystone of the heart)

Keystone



Mitre:
Ceremonial turban of 
bishops

Normal mitral valve viewed from posterior

//upload.wikimedia.org/wikipedia/commons/d/db/Visita_di_Papa_Benedetto_XVI_a_Genova_-_2008-05-18_-_Primo_piano_di_Benedetto_XVI.jpg


Tan TC, et al. Ann Cardiothorac Surg 2015

➢ Each leaflet surface has 2 zones, 
membranous or clear zone and 
coaptation or rough zone

➢ Anterolateral papillary muscle (PM) 
has 2 heads and posteromedial 
papillary muscle has 3 heads

➢ Chordae tendineae from each leaflet 
are equally distributed between 2 
PMs







Carpentier’s segmental classification of the mitral valve



How to image the mitral valve?



Surgeon’s view of the mitral valve from LA



Surgical view of the MV ( from LA side)
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MV from LV side
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Etiology of mitral valve regurgitation

1. Degenerative mitral valve disease
2. Rheumatic heart disease
3. Ischemic heart disease
4. Infective endocarditis
5. Cardiomyopathies
6. Congenital heart disease (cleft mitral valve, arcade….)
7. Collagen vascular disease (SLE, other valvulitis)
8. Radiation-induced mitral valve disease



Flail anterior mitral leaflets, severe posteriorly directed jet of MR



Dr. Najm, KACC. 2011

AoV



Flail posterior mitral valve leaflet, severe anteriorly directed jet of MR



Dr. Najm, KACC. 2011



Severe ischemic MR due to inferolateral MI, severe tethering of the leaflets







Annuloplasty ring = # 28 ? 



Dr. Arifi, KACC. 2013



Residual MR



JASE 2017























2013 ASE/ SCA guideline for TEE
2019 ASE in Ped. & ACHD TEE
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Mitral stenosis



Etiology of mitral stenosis (MS)

❑ Rheumatic

❑ Calcific, degenerative

❑ Congenital

❑ Post radiation

❑ Other 
(drugs, SLE, rheumatoid arthritis, mucopolysaccharidosis, amyloidosis etc.)



➢ Commissural fusion

➢ Thickening and calcification, predominantly 

affecting leaflet tips

➢ Doming and “Hockey-stick” appearance of 

leaflets

➢ Chordal involvement ( fibrosis, shortening, fusion, 

and calcification)

➢ Thickening and calcification of the papillary 

muscles

➢ Calcification of the LA wall (coconut atrium)  
MOST FREQUENT

Echocardiographic signs of rheumatic  (MS)



Rheumatic MS
➢ Characteristic diastolic doming of the MV and commissural fusions

“Hockey stick”



Dr Najm, KACC, 2009

Rheumatic MS, MVR after failing PBMC



Anatomic characteristics of the different types of MS

Krapf L, et al. Archives of cardiovascular disease 2013



Examples of rheumatic MS in 2D TTE and 3D TEE. (A and B) Fused 
commissures. (C and D) Unicommissural (lateral commissure ) 
opening. (E and F) Bilateral commissural opening.

Krapf L, et al. Archives of cardiovascular disease 2013



Degenerative MS. The annulus as well as the valve leaflets are thickened and 
calcified. In contrast, both commissures are open. TTE shows severe mitral 
annular calcification. 3D TEE allows more accurate assessment of the degree 
of commissural opening and measurement of mitral valve area by 3D 
planimetry and 3D MPR.

Krapf L, et al. Archives of cardiovascular disease 2013



Radiation- induced MS. Complete bilateral commissural opening in 2D TTE and 3D TEE. Severe 
thickening and calcification of aortic-mitral curtain (AMC).

Krapf L, et al. Archives of cardiovascular disease 2013



Congenital MS. Parachute-like congenital mitral valve disease with a circular orifice and no 
commissures.

Krapf L, et al. Archives of cardiovascular disease 2013



JASE 2009



Peak & mean gradient across the mitral valve



MVA by PHT (PHT = 215 ms, MVA = 1.02 cm2)



Determination of Doppler PHT



Wilkins score by TTE to assess suitability for percutaneous balloon mitral 
valvuloplasty or commissurotomy (PBMC)



Approaches to evaluation of mitral stenosis

. Not valid in severe 
MAC and prosthetic MVR



Classification of MS severity



Case

➢ 52-year-old man presented with SOB







MV from LA side



MVA = 0.4 cm2



MV from LV side



MVA = 0.35 cm2



Dr. AlKhaldi, KACC, 2011



Coconut atrium (37 Y. woman)

Anandan PK, et al. European Heart Journal-Cardiovascular Imaging, 2015



Egg-shell calcification of the giant LA wall, 
Coconut LA (porcelain LA)



Calcific mitral stenosis
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Question 1

All of the following structures are adjacent to the central fibrous 
body EXCEPT

A. Right fibrous trigone 
B. Left sinus of Valsalva
C. Atrioventricular node
D. Membranous septum             



Question 2

Based on Carpentier’s functional classification of the mitral 
valve , a mitral valve with ischemic MR is:

A. Type 1 MV 
B. Type 2 MV
C. Type 3b MV
D. Type 3a MV



Question 3

Which of the following statement about severe chronic mitral 
regurgitation IS CORRECT?

A. EROA ≥ 0.30 cm2
B. Vena contracta width ≥ 0.6 cm
C. Regurgitant volume ≥ 45 ml/beat
D. Color flow jet area > 50% of LA



Question 4

Which of the following statement about using color jet area for 
grading severity of MR IS CORRECT?

A. Jet area by TEE is larger compared with TTE
B. Jet area measured by colour will overestimate the degree of 

MR in a wall hugging jet
C. Lowering Nyquist Limit will decrease the jet area
D. Optimal Nyquist Limit foe measuring jet area is 50-70 cm/s



Question 5
All of the following statements about etiology of mitral stenosis 
are correct EXCEPT

A. Radiation-induced mitral stenosis involves mostly posterior 
mitral annulus

B. Calcific mitral stenosis is more common in elderly men
C. Rheumatic mitral stenosis are more common in men than in 

women
D. Rheumatic mitral stenosis usually involves mitral leaflets and 

mitral commissures are spared



1- B
2- C
3- D
4- A
5- A




