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Regurgitation Axioms

▪Typically, regurgitation is NOT symptomatic unless severe

▪The opposite is not true: Severe regurgitation may be asymptomatic

▪Chronic regurgitation leads to chamber dilatation on either side of the 
regurgitant valve



Regurgitation Discovery

▪ Regurgitation as a anatomic entity was recognized
in the 17th century

▪ Regurgitation was first clinically diagnosed by auscultation 
in the 19th century, well before the advent of  echocardiography



First Use of Regurgitation Term in English

1683 W. Charleton Three Anat. Lect. i. 18   
Those [valves] that are placed in the inlet and outlet of the 
left Ventricle, to obviate the regurgitation of the bloud
into the arteria venosa, and out of the aorta into the left 
Ventricle.

Walter Charleton
(1619 – 1707)

English Physician



Heart Murmur
OXFORD ENGLISH DICTIONARY DEFINITION

▪ Any of various auscultatory sounds

▪ Adventitious sounds of cardiac or vascular 
origin [that is, separate from standard 
heart sounds: S1, S2, S3, S4] 

▪ Sometimes of no significance 

▪ But sometimes caused by valvular lesions 
of the heart or other diseases of the 
circulatory system

René Laënnec
(1781 – 1826)

French Physician
Inventor of stethoscope 

in 1816

Stethoscope
(‘Chest examiner’)

Hollow wooden cylinder

Στῆθος : Stēthos = chest



Laënnec Performing Auscultation

Painted by Robert Alan Thom (1915 – 1979), American illustrator
Commissioned by Parke, Davis & Co.



1816
René Laënnec, 

French physician
Invents MONAURAL stethoscope

1832
James Hope

British physician
separates MS from MR murmur



1862
Austin Flint Sr. 

New York City physician
Describes the eponymous murmur

1852
George Cammann

New York City physician 
Perfects BINAURAL stethoscope



J Am Coll Cardiol. 2014 Jun 10;63(22):e57-185



J Am Soc Echocardiogr. 2017 Apr;30(4):303-371



Stages of Valvular Heart Disease
2014 ACC/AHA Valvular Guidelines

A

B

C

D

Nonsevere

Severe

Asymptomatic

Symptomatic

Valvular disease is typically NOT symptomatic unless SEVERE!



Stages of Valvular Heart Disease
2014 ACC/AHA Valvular Guidelines

A

B

C

D

Asymptomatic

Symptomatic

At risk for valvular heart disease 
(e.g. bicuspid aortic valve)

Mild or moderate  progressive valvular disease

Severe ASYMPTOMATIC valvular disease

Severe SYMPTOMATIC valvular disease

Follow-up
Every Few Years

Follow-up 
Every Few Months



Frequency of Echocardiographic Follow-up
2014 ACC/AHA Valvular Guidelines



Stages of Valvular Heart Disease
2014 ACC/AHA Valvular Guidelines

Severe ASYMPTOMATIC valvular disease 
with compensated LV or RV

Severe SYMPTOMATIC valvular disease

C2

C1

D

Asymptomatic

Symptomatic

Severe
Valvular 
Disease

Severe ASYMPTOMATIC valvular disease 
with decompensated LV or RV



Stages of Valvular Heart Disease
2014 ACC/AHA Valvular Guidelines

Severe ASYMPTOMATIC valvular disease 
with compensated LV or RV

Severe SYMPTOMATIC valvular disease

C2

C1

D

Asymptomatic

Symptomatic

Severe
Valvular 
Disease

Severe ASYMPTOMATIC valvular disease 
with decompensated LV or RV

Surgical or 
percutaneous 

treatment 
indicated



Valvular Disease Overview

Valve 
Stenosis

Valve 
Regurgitation

Acute
(Sudden Onset)

Chronic
(Worsening Over Many Years)

Chronic Stenosis
Valve stenoses are 

almost always chronic.

Acute 
Regurgitation

Chronic
Regurgitation

Compensated Decompensated

Guidelines deal primarily with 
CHRONIC valve disorders.

Severe ACUTE mitral & aortic 
regurgitations are life-

threatening.



Chronic Mitral Regurgitation
2014 ACC/AHA Valvular Heart Disease 

60/40 RULE

EF < 60%
LVESD > 40 mm



Chronic Aortic Regurgitation
2014 ACC/AHA Valvular Heart Disease 

50/50 RULE

EF < 50%
LVESD > 50 mm



Chronic Asymptomatic
Mitral Regurgitation



Chronic Mitral Regurgitation
2014 ACC/AHA Valvular Heart Disease 

MR Etiology MR Severity Chamber Dilatation

Stress Testing

60/40 RULE

EF < 60%
LVESD > 40 mm



Mitral Valve Anatomy

1. LEAFLETS

3. CHORDAE TENDINEAE

4. PAPILLARY MUSCLES

(posteromedial + anterolateral)

5. LEFT VENTRICULAR MYOCARDIUM

Geriatrics & Aging 2003;6:42-45.

Degenerative (Primary) 
Mitral Regurgitation

Sick valve >>> sick ventricle

Functional (Secondary) 
Mitral Regurgitation

Sick ventricle >> sick valve

2. MITRAL ANNULUS



Carpentier Classification of Native Mitral Regurgitation

Alain Frédéric Carpentier
(b. 1933 in Toulouse)

French surgeon

Based on mitral leaflet mobility

Type I
Normal Leaflet Mobility

Type II
Increased Leaflet Mobility

Type III
Decreased Leaflet Mobility

•Annular dilatation

• Leaflet perforation

• Mitral valve prolapse

• Ruptured chordae

• Ruptured papillary
muscle

• IIIA - Rheumatic 

• IIIB – Papillary muscle 
displacement (as in 
ischemic heart disease)

Carpentier A. Cardiac valve surgery—the “French correction.” J Thorac Cardiovasc Surg 1983;86:323–37.

The French Correction is a word play on The French Connection, a 1971 movie about smuggling heroin from Marseille to New York.

FUNCTIONAL MR

DEGENERATIVE MR



Functional Mitral Regurgitation



Functional MR – Annular Dilatation

47-y/o man with 
nonischemic 

dilated cardiomyopathy 
& 

acutely decompensated heart failure



Functional MR – Annular Dilatation

47-y/o man with 
nonischemic 

dilated cardiomyopathy 
& 

acutely decompensated heart failure



Functional MR – Annular Dilatation

47-y/o man with 
nonischemic 

dilated cardiomyopathy 
& 

acutely decompensated heart failure



Functional MR – Chronic Ischemic
50-y/o woman with murmur 
a year after an RCA infarct

Circulation. 2005;112:745-758

Seagull Sign



Functional MR – Chronic Ischemic
50-y/o woman with murmur 
a year after an RCA infarct

Circulation. 2005;112:745-758



Functional Ischemic MR: Crooked Smile

LA Side

A3

P3 A3

P3

LV Side



Functional Ischemic MR: Crooked Smile



Degenerative Mitral Regurgitation



Degenerative MR – Prolapsed / Flail Segment
74-year-old man

Recent onset 
of exertional dyspnea

COBRA SIGN

P3



Degenerative MR – Myxomatous Degeneration
74-year-old man

Recent onset 
of exertional dyspnea

Henri Coanda (1886-1972)
Romanian 

aeronautics engineer



Degenerative MR – Myxomatous Degeneration
74-year-old man

Recent onset 
of exertional dyspnea

Clip across A2-P2
is ideal clip location.



Severity of Mitral Regurgitation



Chronic Mitral Regurgitation: Chamber Dilatation
2014 ACC/AHA Valvular Heart Disease 

60/40 RULE

EF < 60%
LVESD > 40 mm

Stage C2
Refer for Surgical of Percutaneous Correction



Chronic Asymptomatic
Aortic Regurgitation



Mechanisms of Aortic Regurgitation

J Thorac Cardiovasc Surg 2009;137:286-94



Aortic Regurgitation: Marfan Syndrome

Antoine Marfan
(1858 – 1942)

French pediatrician



Aortic Regurgitation: Marfan Syndrome

Antoine Marfan
(1858 – 1942)

French pediatrician



Aortic Regurgitation: Bicuspid Aortic Valve



Aortic Regurgitation: Bicuspid Aortic Valve



Aortic Regurgitation: Bicuspid Aortic Valve



Chronic Aortic Regurgitation

AR Etiology AR Severity
Chamber 
Dilatation

Stress Testing

50/50 RULE

EF < 50%
LVESD > 50 mm



Severity of Aortic Regurgitation



Mitral vs. Aortic Regurgitation Severity

Severe Mitral 
Regurgitation

Severe Aortic 
Regurgitation

ERO > 0.4 cm2 > 0.3 cm2

Vena Contracta > 0.7 cm > 0.6 cm

Regurgitant Fraction > 50% > 50%

Regurgitant Volume > 60 mL > 60 mL

SAME VALUES

Regurgitant Volume
Regurgitant Fraction

DIFFERENT VALUES

Smaller ERO and VC for aortic 
regurgitation (by 0.1)



Chronic Aortic Regurgitation
2014 ACC/AHA Valvular Heart Disease 

50/50 RULE

EF < 50%
LVESD > 50 mm

Stage C2
Refer for Surgical of Percutaneous Correction
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