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Morphology/Development of LA
• Development of LA

• Appendage develops from primitive atria

• The body of the atria are incorporated from the
venous blood vessels

As atrium expands, primitive pulmonary vein incorporated into left atrium,
forming smooth-walled chamber.  LAA is trabeculated and a remnant of the
primitive left atrium (Moore 1993)

5 weeks

8 weeks



2/9/2012

3

Why Bother About LA ?

• Modulates LV filling : reservoir, conduit and
pump function capabilities

• Barometer of  diastolic function
• Volume Sensor of the Left Heart
• Endocrine function of natriuretic peptide release
• Prognosticator in CAD , valve and nonvalvular

conditions
• Important route for many diagnostic and

therapeutic cardiac interventions
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Left Atrium and Pathophysiology

Importance of LA Assessment
in Atrial Fibrillation
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More Recently: Increase LA
size

• Associated with adverse outcomes in
HOCM

• Useful barometer  for assessing reverse
remodelling secondary to CRT

• Adverse prognosticator in aortic stenosis

M-mode : LA size

• Cursor should pass through aortic valve

• LA diameter measured from trailing edge of
posterior aortic wall to leading edge of posterior
LA  wall

• This is against M-mode convention ( leading to
leading ) but done to avoid variable extent of
space between LA and aortic wall ( ASE )
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LA AP Diameter PLAX/  PSAX
• Simple to use : familiar to many non-imagers

and non cardiologists
• has been widely accepted as a method of

measuring LA size
• prognostic studies available for CHF, AF etc
• Problem : assymetric LA enlargement
• inability of LA to enlarge when limited by

sternum and spine. Normal AP diameter can
be a source of  false sense of assurance on LA
size
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Assessment of Left Atrial Size:
Why Volumes Better Than Size
Apical Area/Volumes are more accurate than parasternal dimension

LAd
LA Area

LA A/P Diameter=4.1 cm        LA Volume = 46 ml/sq mLA A/P Diameter=4.1 cm        LA Volume = 46 ml/sq m

Can We Use LA AP Diameter
as A Screen ?

LAD >/= 4.7 cm Sens 75% Spec  85%

However if LAD is normal does not mean we will not have  enlarged LA by volume

This along with numerous studies validating prognostic value of LA volume  suggest
that this is the preffered method of LA size assessment for echo labs

LAD >/= 4.7 cm Sens 75% Spec  85%

However if LAD is normal does not mean we will not have  enlarged LA by volume

This along with numerous studies validating prognostic value of LA volume  suggest
that this is the preffered method of LA size assessment for echo labs
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JASE chamber quantifcation gudielines
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3D Techniques of LA Assessment

3D Assessment
Of LA volume,
shape and
function

3D Assessment
Of LA volume,
shape and
function
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3D echo estimation on LA volume is feasible and
accurate but  does not represent a major advantage
over current 2D techniques which compare favorably.

So current 2D LA volume  assessment remains the
method of choice in echo labs

To date no studies exist showing incremental diagnostic
and prognostic valve if 3D LA assessment

LA Volume by MRI
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CT of LA and Pulmonary Veins

MSCT reconstruction
Algorithms for LA and other
structures

Comparison of Echo CT and MR for
LA Assessment
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Comparison of Echo CT and MR for
LA Assessment

Comparison of Imaging Methods
LA Assessment

COMMENTS ON TEE AND LA STRUCTURE:

1. Near field accquisition prevents visualization of all borders reliably
2. LA volume assessment cannot be assessed reliably
3. Mediolateral, superio-inferior  and AP dimensions of LA can be obtained

and midesophageal 4, 2 and 3 chamber views to get an assessment of LA
size

4. Recommend adjunct accquistion of focussed parasternal and apical
windows in patients presenting  directly for TEE without prior TTE
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Pubished Reference Ranges

JASE 2005

LA FUNCTION
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Frank-Starling Law of Left Atrium

Phasic LA Function
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Understanding LA Phasic Function

Phasic  LA Function : Formulas

LA Max Volume :measured before MV opening ; at end of T wave on EKG
LA minimum volume : before MV closure : at QRS complex
LA Pre “A” volume  : ar start of P wave on EKG

LA Max Volume :measured before MV opening ; at end of T wave on EKG
LA minimum volume : before MV closure : at QRS complex
LA Pre “A” volume  : ar start of P wave on EKG
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LA volume Index and Diastolic
Dysfunction Grade

Diastolic grade n % of cohort LA vol index
ml/sq m

% meeting
criteria for LA
dilation

Normal 1212 73 23+/-6 9

Grade 1 315 19 25+/-8 17

Grade 2 118 7 31+/-8 48

Grade 3/4 12 1 48+/- 12 100

Pritchett AM et al JACC 2005;45;87-92

Estimation Of Filling Pressures
• Transmitral velocity directly relates to LA

Pressure
• Transmitral velocity inversely relates to Tau (

time constant of relaxation )
• Definitions for filling pressures :

1. Left atrial pressure ( mean)
2. Pulmonary capillary wedge pressure ( PCWP:
corollary for LAP)
3. LV pre-a diastolic pressure : correlates with LAP
4. LVEDP : LV end diastolic pressure post a : does not

always correlate with LAP: LAP many times
normal
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Diastolic Function

Measured E-velocity

Relaxation

E-velocity

LA Pressure

E-velocity

Relaxation Stiffness

Filling Pressures

Diastolic Function

Preload (EVD)
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Normal
Normal LAP

Relaxation Relaxation
High LAP

Relation of Transmitral Velocity to LV Pressure

mmHg

cm/s

A E A E

E
A

Transmitral Velocity in CHF With Low EF
LV relaxation is always impaired

Impaired Relaxation

LAP <15mmHg

Pseudo-normal

LAP ~15-25mmHg

Restrictive

LAP >25mmHg
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Ea - An Index of Myocardial Relaxation
• Ea (or Em) relates poorly with LAP or LVEDP

(i.e., relatively insensitive to preload)

Nagueh et al, JACC 1997;30:1527-1533

Ea - An Index of Myocardial Relaxation

• The early diastolic velocity of the mitral annulus
is an index of LV relaxation

• Ea (or Em) relates poorly with LAP or
LVEDP E

• The ratio of transmitral E-vel to Ea
relates well with mean LAP

Ea
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Nagueh SF et al, Circulation 94: 2138 ,1996
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DT

Deceleration Time in Atrial Fibrillation

100

0

This pattern is associated with high LAP, increased
LV stiffness and worse clinical outcome

E/A ratio 2 and/or
Deceleration time <140ms

Restrictive Mitral Inflow Pattern in
Patients With Depressed LV Function

RELATION TO PROGNOSIS

Restrictive inflow
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E/Ea Nagueh et al, J ACC 1997;30:1527-1533

PCWP or LAP = (E/Ea x 1.25) + 1.9

Relation of Mean PCWP to E/Ea Ratio

LA volume Index and Tissue
Doppler A’ in Diastolic Dysfunction
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LAvolume index/A’: A ratio
incorporating filling pressure and LV

compliance

Tissue Doppler Based Techniques of LA
function : Emerging Applications

Challenges  with DTI in LA
1. thin walled LA : no definitive model of shape similar to LV
2. Many areas of drop out ( septum, Lpul Vein etc 0
3. Different studies have different regions of interest
4. Noisy accquistions
5. Regional representation of global function

Challenges  with DTI in LA
1. thin walled LA : no definitive model of shape similar to LV
2. Many areas of drop out ( septum, Lpul Vein etc 0
3. Different studies have different regions of interest
4. Noisy accquistions
5. Regional representation of global function
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Parameters of LA Function by
Tissue Doppler Assessment

Speckle Tracking Strain of LA

n-54 normalsn-54 normals
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CHALLENGES OF SPECKLE TRACKING FOR LA

1. thin walls
2. poor definition

CHALLENGES OF SPECKLE TRACKING FOR LA

1. thin walls
2. poor definition

2c2c

Emerging Applications of LA
Speckle Tracking: Prediction of

Increased PCWP /LAP
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Predictors of Increased PCWP

LA Tissue Doppler to Predict
New Onset Atrial Fibrillation

Heart 2008Heart 2008
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LA remodeling after AF Ablation

LA Size and  Asymptomatic
Severe AS Outcomes
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LAV/BSA for MACE
sens 75% spec 88%

Thank you
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Normal values of color tissue doppler strain and strain rate of LA
by age
Normal values of color tissue doppler strain and strain rate of LA
by age

LA Appendage

Leong et al Curr Prob Cardiol 2012
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Flow Pattern Classification

• 3 types (Garcia AHJ 1992)
– Type I:   SR & regular pattern
– Type II:  Afib with active “sawtooth” pattern
– Type III: Afib with no identifiable flow waves

• III with higher rate of “smoke”/thrombi
• mobile thrombi >1.5cm higher rate of emboli

Sinus Rhythm
• 1) LAA Contraction (outflow)

– late diastolic, positive (toward TEE transducer) outflow signal
shortly after P-wave (atrial systole)

– related temporally to mitral A wave
– correlate with 2D measurements of LAA-ejection fraction
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Sinus Rhythm
• 2) LAA filling

– early systolic, negative (away from transducer) doppler inflow
signal

– physiologic process not studied as well, and relative role of
active (LAA relaxation) versus passive (elastic recoil) resulting in
filling are poorly defined

Sinus Rhythm
• 3) Systolic reflection waves

– variable number of alternating LAA outflow and inflow of
contraction/filling

• reflects importance of LV function on LAA function/stroke risk
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Sinus Rhythm
• 4) Early diastolic LAA flow

– low velocity outward signal following mitral E wave
– initially thought to be due to compression of LAA medial wall by

superior motion of base of the LV during diastole
• more plausible explanation is passive emptying of LAA, paralleling

LA emptying during rapid ventricular filling in early diastole
– undetermined significance, perhaps important in LAA-dysfxn

Normal flow velocities

LA APPENDAGE FUNCTION AFFECTED IN

1.CHF
2.MS/MR
3.ATRIAL FIBRILLATION/FLUTTER
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