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Three ComponentsThree Components

• Reservoir during systole

• Conduit during diastole

• Active contraction during late diastole







Echocardiographic VariablesEchocardiographic Variables
• Indirectly derived LA variables

• LA ejection force
• LA kinetic energy
• Estimated LA dP/dtmax

• Pulsed wave Doppler
• Transmitral velocities at atrial contraction
• Atrial reversal velocities at pulmonic vein

• Tissue Doppler 
• Mitral annular velocity at atrial contraction
• LAA wall velocity



Echocardiographic VariablesEchocardiographic Variables

• LA size quantitation
• LA volume

• Maximal LA volume
• Total volume of LA emptying
• Volume of LA emptying during active 

atrial contraction
• LA area

• + phasic LA area change by AQ 
technique

• LA dimension



Volumes According to Volumes According to PhasicPhasic ChangesChanges

1. Maximum LA volume; volume just before MV opening
2. Minimum LA volume; volume at MV closure
3. Total LA emptying volume (Reservoir volume)

maximum LA volume - minimum LA volume
4. LA passive emptying volume

maximal LA volume - pre-atrial contraction LA volume
(at the onset of the P-wave on ECG)

5. LA active emptying (contractile) volume = LA stroke volume
pre-atrial contraction LA volume - minimum LA volume

6. LA (passive) conduit volume 
LV stroke volume - the total LA emptying volume

7. LAEF = 5 / pre-atrial contraction LA volume



Stroke Work



• LA ejection force (kdyne)
= 0.5 x 1.06 x mitral annulus area x (peak A 

velocity2)

• LA kinetic energy (kerg)
= 0.5 x 1.06 x LA stroke volume x (peak A 

velocity2)

JACC 1993, 22:221, AJC 1998, 82:1220



JACC 1993, 22:221, AJC 1998, 82:1220



Change of LA Function After Change of LA Function After 
SeptalSeptal Ablation in HCMAblation in HCM
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Change of LA Function After Change of LA Function After 
SeptalSeptal Ablation in HCMAblation in HCM

JACC 1999, 34:1123

P < 0.05



Estimation of LA Estimation of LA dP/dtdP/dtmaxmax by by 
Mitral Inflow and PV FlowMitral Inflow and PV Flow

JACC 1999, 34:795

LA LA dP/dtdP/dtmaxmax = 0.1 M= 0.1 M--AC (cm/sAC (cm/s22)) + 1.8 PV (cm/s) + 1.8 PV (cm/s) -- 4.14.1



LA Systolic Function Evaluation LA Systolic Function Evaluation 
by Aby A’’ at Mitral Annulus at Mitral Annulus 

JASE 2004, 17: 353
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LVEF < 50%



LA Systolic Function Evaluation LA Systolic Function Evaluation 
by Aby A’’ at Mitral Annulus at Mitral Annulus 

JASE 2004, 17: 353

Restrictive Physiology



Effect of Effect of AfterloadAfterload Reduction Reduction 
on LAA function on LAA function 

JASE 2005, 18:934



Effect of Effect of AfterloadAfterload Reduction Reduction 
on LAA function on LAA function 

JASE 2005, 18:934Pre PMVPre PMV Post PMVPost PMV

Mitral Inflow

LAA Tissue Velocity

LAA flow



Effect of Effect of AfterloadAfterload Reduction Reduction 
on LAA function on LAA function 

JASE 2005, 18:934



AtrialAtrial IndexIndex

AHJ 2002, 143:181

LAEF by TEE 
= (LA max area – LA min area)/LA max area X 100

Atrial Index 
= Transmitral VTI x LAEF / LA max area



Predictors of post CABG AFPredictors of post CABG AF

AHJ 2002, 143:181

UnivariateUnivariate AnalysisAnalysis

Multivariate AnalysisMultivariate Analysis



Stroke/DeathStroke/Death

AtrialAtrial FibrillationFibrillation

LV Remodeling LV Remodeling 
and Dysfunctionand Dysfunction

↑↑ diastolic P or MR diastolic P or MR 

LA remodelingLA remodeling



LA DimensionLA Dimension

The Echo Manual. Oh, Seward, Tajik.  1999



LAD in the FHSLAD in the FHS
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LAD and AgeLAD and Age
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LAD and HTNLAD and HTN
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LAD with LV MassLAD with LV Mass
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LAD and CV diseaseLAD and CV disease
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LAD and LAD and AfibAfib
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LAD and Stroke / DeathLAD and Stroke / Death
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LA Volume MeasurementLA Volume Measurement
AreaArea--Length MethodLength Method

The Echo Manual. Oh, Seward, Tajik. 1999

V = 0.85 * A1 * A2

L



Volume, Area or Dimension?Volume, Area or Dimension?
• Prediction of CV outcomes in SR 

(AF, TIA, MI, CHF, CV death)

JACC 2006, 47:1018
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Volume, Area or Dimension?Volume, Area or Dimension?
Prediction of CV outcomes in AF 

(TIA, MI, CHF, CV death)

CV events = LA size quantitation

JACC 2006, 47:1018



JACC 2002, 40:1636

LA Volume Predicts NVAF LA Volume Predicts NVAF 
in Elderly Peoplein Elderly People
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Electromechanical Coupling in Electromechanical Coupling in 
Paroxysmal Paroxysmal AtrialAtrial FibrillationFibrillation
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Electromechanical Coupling in Electromechanical Coupling in 
Paroxysmal Paroxysmal AtrialAtrial FibrillationFibrillation

JASE 2005, 18:39

Sensitivity 0.73
Specificity 0.93
(+) pred value 0.93



Regional LA Deformation Assessment  Regional LA Deformation Assessment  

EJE 2006, 7:199



LA Strain Rate in LA Strain Rate in AmyloidosisAmyloidosis

EHJ 2005, 26:173



LA Strain Rate in LA Strain Rate in AmyloidosisAmyloidosis

EHJ 2005, 26:173

P = NS

P = 0.001



AtrialAtrial Function Function 
in in NeurallyNeurally Mediated SyncopeMediated Syncope

AJC 2006, 97:1017



AtrialAtrial Function Function 
in in NeurallyNeurally Mediated SyncopeMediated Syncope

AJC 2006, 97:1017

Inf. WallInf. Wall Ant. WallAnt. Wall



Prediction of SR Maintenance Prediction of SR Maintenance 
After After CardioversionCardioversion in Lone AFin Lone AF
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Prediction of SR Maintenance Prediction of SR Maintenance 
After After CardioversionCardioversion in Lone AFin Lone AF

Circulation 2005, 112: 387

AUC = 0.878



SummarySummary
• Echo measurements for LA function 

• Feasible, multiple parameters
Which is optimal?

• Load dependent, especially LV load.
LA contractility = LA contraction

• parameters
• Simple - Mitral A, a’, Strain, SR
• Complex

• Volumes
• Derived indices – LA ejection force, kinetic 

energy



SummarySummary

• LA size quantitation, especially LA volume 
(?) helps in clinical situations.

• LA myocardial velocity, strain, and SR may 
be promising in potential clinical 
application.

• Future studies 
• Validation for LA indices
• Age, gender, HR effects
• Medium to large scale study 


