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Circumferential fibres




Calculation of LVEF
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LV Length 7.01 cm
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Modified biplane Simpson’s rule
Measures EDV and ESV (ml)
Calculated EF (%) = EDV -
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3D Assessment of LV function
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Presenter
Presentation Notes
Upper left panel shows a 3DE full volume acquisition data set. Lower left panel shows a 3DE left ventricular volume reconstruction divided into 16 standard segments. Upper right panel shows a set of CMR multiple short-axis views used for volumetric analysis and lower right panel illustrates tracing of endocardial contours in end systole and end diastole used for calculation of corresponding left ventricular volumes. 

3-D echocardiography does not rely on geometric assumptions for volume/mass calculations and is not subject to plane positioning errors, which can lead to chamber foreshortening. Studies comparing 3-D echocardiographic LV volumes or mass to other gold-standards such as magnetic resonance imaging, have confirmed 3-D echocardiography to be accurate. Compared to magnetic resonance data, LV and RV volumes calculated from 3-D echocardiography showed significantly better agreement (smaller bias), lower scatter and lower intra- and inter-observer variability than 2-D echocardiography.46,54,57,60 The superiority of 3-D echocardiographic LV mass calculations over values calculated from M-mode derived or 2-D echocardiography has been convincingly shown.55,57,59 Right ventricular volume and mass have also been measured by 3-D echocardiography with good agreement with magnetic resonance data.58,61 Current limitations include the requirement of regular rhythm, relative inferior image quality of real-time 3-D echocardiography compared to 2-D images, and the time necessary for off-line data analysis. However, the greater number of acquired data points, the lack of geometric assumptions, increasingly sophisticated 3-D image and measurements solutions offset these limitations. 

However, despite all enthusiasm, some limitations of 3D have to be mentioned. Image quality using matrix array transducers still is worse than with high-end 2D equipment. This is not only due to the technological constraints of a matrix transducer but also to the mechanical limitation of a relatively large probe footprint that interferes with narrow intercostal spaces. Additionally, the limited sector width (maximum about 80°) may not be wide enough to cover the complete left ventricle in the ultrasound sector, especially in patients with apical aneurysm or dilated ventricles. Last but not least, temporal resolution at present is limited to about 40–50 ms. This limitation clearly influences the sensitivity of the test during peak stress and remains unsatisfactory. 

http://ejechocard.oxfordjournals.org/content/vol7/issue5/images/large/7-5-365-fig1.jpeg
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Presenter
Presentation Notes
Left: Scatter plots showing the relationship between LV EDV (top), LV ESV (middle) and LV EF (bottom) measurements performed with 3-dimensional echocardiography and cardiac magnetic resonance imaging. The central line represents mean regression prediction line and the peripheral lines represent 95% confidence interval regression prediction lines. 

Right: Bland–Altman plots showing differences (delta) in measurements of LV EDV (top), LV ESV (middle) and LV EF (bottom) between 3-dimensional echocardiography and cardiac magnetic resonance imaging as a function of their mean. The solid and dashed lines represent the mean (2SD) of the difference, respectively. 

http://ejechocard.oxfordjournals.org/content/vol7/issue5/images/large/7-5-365-fig2.jpeg
http://ejechocard.oxfordjournals.org/content/vol7/issue5/images/large/7-5-365-fig3.jpeg

LVEF and Qutcome
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LV Length 876 cm
LV Area
EDV {(A4C) 204 ml
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Doppler Assessment of LV function



Doppler Assessment of LV function

Peak dP/dt

Stroke volume

Cardiac output
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Calculation of peak dP / dt

ECG

r.

Velocity (m/s)

32mm Hg




Clinical significance of dP/dt

LV systolic Time for LV to dP/dt

function generate (mmHg/sec)
32mmHg

Normal <27ms >1200

Mild-moderate 27-40ms 800-1200

dysfunction

Severe >40ms <800

dysfunction
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LV filling pre-pacing LV filling with pacing and optimised AV delay

AV 60ms




Total Isovolumic Time

ECG —\ ,/
PCG A

l 10 anss

HR = 64bpm

Ejection tiree 300 s, total ejection tirae per ranute (0.30%64) = 19.2 s/run
Filling tirae 400 rus, total filling tire per rainute (0.40%64) = 26 6 s/rain

t-IVT =60 - (19.2 + 26.6) = 146 s/rin


Presenter
Presentation Notes
The t-IVT is essentially the time when the heart is neither ejecting nor filling. It is the combination of the isovolumic contraction and the isovolumic relaxation times, and it can be measured relatively easily by Doppler echocardiography and is derived as [60 2 (total ejection time þ total filling time)]. It is an interesting concept, as the percentage of wasted time when the heart is neither pumping nor filling during one cycle reflects the overall efficiency of the ventricle.

It is useful as it is 
is a major determinant of peak stress cardiac output
exercise capacity 
Shortens after CRT




Cardiac output at stress (s/min)

Percentage predicted peak VO2 (%)
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Presenter
Presentation Notes
Patients with LBBB and CAD had longest t-IVT, lowest cardiac output at peak stress, lowest % predicted peak VO2


Assessment of long axis function



Longitudinal fibres
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Normal LV long axis
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Normal LV long axis velocity
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Relation between long axis and LA & LV filling

LV filling

LV long axis

LA filling
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Restrictive LV disease
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Presentation Notes
RV is stiff and incompliant. Particularly manifest at end-diastole, where RV unable to fill without significant rise in EDP. RV filling restricted to early diastole. 


Intermittent LBBB

Normal activation

L BBB
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Presenter
Presentation Notes
With normal activation, the onset of inward motion follows that of the QRS complex by 115 ms, and A2 is synchronous with peak inward motion. 
With LBBB, normal synchronous pattern of AV ring motion is lost. The onset of inward motion is strikingly delayed to 160 ms, but its overall duration is unchanged, so that tension and shortening persist well beyond the end of ejection into the period of isovolumic relaxation (peak inward motion occurs approximately 100 ms after A2).



Severe LV long axis asynchrony

LV filling |
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Presenter
Presentation Notes
This sequence of events illustrates how a patient may improve clinically at the same time as diastolic measurements become more abnormal. It should not be forgotten that the most common way for diastolic measurements to normalise, or as the literature often has it, to "improve", is for left atrial pressure to rise. 
Incoordinate relaxation and its consequences (low or absent E wave and dominant atrial filling) 
are markers of disease, and their appearance in a patient in whom filling has previously been 
restrictive is a sign of favourable progress




Strain and Strain Rate

* Measures of myocardial deformation

* Uses
— Assessment of resting LV and RV function
— Myocardial viability during low-dose dobutamine infusion
— Stress testing for ischaemia
— Follow up of treatment response
* Limitations
— Ewvidence base is limited
— Technically challenging
— Clinical availability
— Susceptible to artefact
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Presenter
Presentation Notes
Figure 1A shows the gradation of peak velocities at different locations along the LV wall. Although these velocity recordings provide information about the motion of the wall, the ability of contraction in adjacent segments to influence the velocity in any given segment limits the site-specificity of velocity data. Figure 1. Derivation of strain rate (SR) and strain from tissue Doppler data. A series of velocity curves (comprising isovolumic contraction [IVC], systolic [S] and diastolic [E and A] components) show a velocity gradient along a length of the wall (labeled d in the color Doppler image in A). A regression calculation between adjacent tissue velocity data points along this length generates the strain rate curve (B), which is then integrated to calculate strain (C). Timing of end-systole can be confirmed from the tissue Doppler waveform—in a separate example, the aortic valve closure (AVC) is marked by a transient wave in the adjacent septum and anterior mitral leaflet (D). ES = end-systolic; IVR = isovolumic relaxation. 




What to Measure?

Peak Systolic
Strain Rate

Peak Systolic
;. Strain
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Assessment of regional wall
motion abnormalities



17-segment model
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Presenter
Presentation Notes
In 1989, the ASE recommended a 16 segment model for LV segmentation. 
In 2002, the AHA Writing Group on Myocardial Segmentation and Registration for Cardiac Imaging, in an attempt to establish segmentation standards applicable to all types of imaging, recommended a 17-segment model (Fig. 8).62 This differs from the previous 16-segment model predominantly by the addition of a 17th segment, the "apical cap." The apical cap is the segment beyond the end of the LV cavity. Refinements in echocardiographic imaging, including harmonics and contrast imaging are believed to permit improved imaging of the apex. Either model is practical for clinical application yet sufficiently detailed for semi-quantitative analysis. The 17-segment model should be predominantly used for myocardial perfusion studies or anytime efforts are made to compare between imaging modalities. The 16-segment model is appropriate for studies assessing wall motion abnormalities as the tip of the normal apex (segment 17) does not move.  

http://ejechocard.oxfordjournals.org/content/vol7/issue2/images/large/7-2-79-fig8.jpeg
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http://ejechocard.oxfordjournals.org/content/vol7/issue2/images/large/7-2-79-fig9.jpeg

Wall motion score analysis

ASE criteria
Schiller et al. J Am Soc Echocardiogr 1989;2:358-367

Wall motion score

1 normal (1 systolic thickness >50%)

hypokinesis (1 systolic thickness <40%)

akinesis (1 systolic thickness <10%)

dyskinesis (outward systolic motion + wall thinning)

aneurysmal (outward systolic systole, wall thinning,
diastolic deformation)
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Viability During DSE Predicts Survival
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Presentation Notes
Myocardial Viability During DSE Predicts Survival in Patients With CAD and Severe Left Ventricular Systolic Dysfunction (N=319)
In patients with CAD and severe LV dysfunction, who demonstrate myocardial viability during DSE, revascularization improves survival compared with medical therapy

The impact on prognosis seems to be best in the setting of heart failure (138). Finally, the meta analysis of Allmann (139) seems to confirm that there is no benefit of revascularisation in the abscence of viability. 



M-mode assessment of L.V function



M-mode assessment of LV function

Amplitude

Velocities (shortening and lengthening)

Timing

Incoordination



Minor axis




Normal values for cardiac chambers

M-mode parameter Range

LV EDD (cm) 4.0 - 5.6 cm
LV ESD (cm) 2.0-4.0cm
VS diastole (cm) 0.7-1.2cm
PW diastole (cm) 0.7-1.2cm




DCM
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Presenter
Presentation Notes
Note the marked incoordination in early diastole after septal reduction


HCM Amyloid
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CABG for ischaemic DCM




Severe MR
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MV repair for MR

Pre-op Post-op



AVR for AR
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M-mode mitral echogram
for assessing LV function



Normal MV echogram

A2: aortic valve closing
MVO: mitral valve opening
IVRT: isovolumic relaxation time (from A2 — MVO)



Restrictive filling




Relation between IVRT and LVEDP
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Presenter
Presentation Notes
The horizontal bar on the horizontal axis represents the 95% CI limits of normal. Note that when IVRT is long (caused by the disease process itself, as seen in LVH, DM, or CAD), LV filling pressure is normal. However, as LA pressure rises, IVRT shortens, so that with an end diastolic pressure of 30 mm Hg, IVRT is zero). 


Apexcardiogram
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Presentation Notes
Severe AS, LVH, raised LA pressure, RA cross talk, high RA pressure A wave


Assessing LV function:
diastolic filling



Examples of different LV filling patterns

Normal Dominant A Pseudonormal Restrictive

E:A>1 E:A<1 E:A1.0-1.5 E:A>2
EDT 150-220ms EDT >250ms EDT 150-220ms EDT <150
IVRT <90ms IVRT >90ms IVRT <90ms IVRT <70ms

| >

Worsening diastolic function



Restrictive filling pattern

dominant E wave

deceleration time <120 ms

short (<70ms) or even zero isovolumic relaxation time
reduced or absent A wave

S3 is present, whose onset coincides with peak of the E wave
acceleration and deceleration of the E wave are both increased


Presenter
Presentation Notes
Acceleration and deceleration rates of the E wave are both increased, implying high pressure gradients, both forward and reversed. Reduced A wave amplitude is not usually caused by failure of left atrial contraction, since mechanical function can be demonstrated, by direct measurement of left atrial pressure, by its indirect effect on the apex cardiogram, or by detecting retrograde blood flow into the pulmonary veins. The combination of an increased atrial pressure wave with no flow across the mitral valve demonstrates increased end diastolic ventricular stiffness. 


Assessing LV ventricular function:
BSE guidelines



Descriptive terms and statements

Assessing LV function....

Cavity size

Normal, dilated, small

Wall thickness

Normal, concentric LVH,
asymmetric LVH

Ventricular mass

Normal, borderline, increased

Ventricular shape

Normal, aneurysmal,
pseudoaneursymal

Global systolic function

Normal, low normal,

decreased (mild, moderate,
severe)




Descriptive terms and statements

Assessing LV function....

Regional systolic function

Normal, hyokinetic, akinetic,
dyskinetic, scar, asynchronous

Diastolic filling

Normal, abnormal (impaired
relaxation, pseudonormal,
restrictive),

elevated LA / end-diastolic
pressure

LVOT

No obstruction, septal
hypertrophy, sub-aortic
membrane, SAM

Thrombus

Present / absent

Mass (tumour)

Present / absent




Diagnostic statements

Appearances suggestive of....
Myocardial infarction

Hypertrophic cardiomyopathy

Dilated cardiomyopathy

Restrictive cardiomyopathy

Hypertensive heart disease

nfiltrative heart disease

|V volume overload

Other




Measurements and calculations

Measure Calculate
LV cavity size LVEDD, LVESD, FS, EF
and systolic LVEDV, LVESV
function
LV wall thickness | IVSd, IVSs, PWd,

PWs

LVOT LVOT diameter LVOT area
LVOT outflow Vmax, VTI SV
LV filling IVRT, EDT, E, A E:A ratio




Conclusion

In the assessment of LV function....

LV systolic and diastolic function are
Important

Forget not that the LV has both a minor
axis and a long axis!
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Presentation Notes
Is it time to write the obituary for the EF as a measure of LV function? 

It is well known that the EF is affected by preload and afterload and gives misleading information in several
clinical situations—for example, the falsely high EF in severe mitral regurgitation when LV function is definitely not normal and, conversely, the depressed EF in severe aortic stenosis which can improve markedly after valve replacement. Furthermore, EF is rarely measured properly by Simpson’s method but more often is ‘‘eye-balled’’,  which can be widely inaccurate depending on the experience of the eye doing the balling. Annular velocities or amplitude give a more accurate assessment of both systolic and diastolic function. Probably because the annulus motion in the long axis is reflecting the most fundamental motion of the ventricles—twisting and untwisting
with the accompanying longitudinal shortening—it has emerged as a clinically useful tool for assessing ventricular function and for estimating prognosis. 
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