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Abstract!

Comprehensive!and!precise!assessment!of!left!ventricular!(LV)!systolic!and!diastolic!

function!is!necessary!to!establish,!or!exclude,!heart!failure!as!a!cause!or!component!of!

dyspnea.!!Echocardiography!with!Doppler!readily!assesses!LV!diastolic!function;!

advantages!include!that!echocardiography!is!nonSinvasive,!does!not!require!radiation,!is!

portable,!rapid,!readily!available,!and!in!competent!hands,!can!provide!an!accurate!and!

comprehensive!assessment!of!LV!systolic!and!diastolic!function.!Correct!assessment!of!

LV!diastolic!function!is!relevant!in!patients!with!both!depressed!and!preserved!LV!

ejection!fraction!(EF!>50%,!and!<50%,!respectively).!Tissue!Doppler!(TD)!imaging!has!

been!useful!in!demonstrating!impaired!LV!relaxation!in!the!setting!of!preserved!LVEF,!

which,!in!the!setting!of!increased!cardiac!volume,!can!result!in!elevated!LV!filling!

pressures,!and!dyspnea!due!to!diastolic!heart!failure.!!TD!imaging!is!not!always!critical!in!

patients!with!depressed!LVEF,!since!such!patients!by!definition!have!impaired!LV!

relaxation,!and!thus!significant!increases!in!volume!will!result!in!increases!in!LV!filling!

pressure!due!to!impaired!LV!compliance.!Thus,!in!depressed!LVEF,!transmitral!flow!

velocities!(E!and!A,!and!E/A)!and!deceleration!time,!pulmonary!venous!Doppler,!left!

atrial!volume,!and!pulmonary!artery!(PA)!pressures!suffice!for!the!accurate!assessment!

of!LV!filling!pressures.!!Overall,!diastolic!assessment!by!echoSDoppler!can!be!readily!

achieved!in!by!using!a!comprehensive!diastolic!assessment—incorporating!many!2S

dimensional,!conventional!and!tissue!Doppler!variables—as!opposed!to!relying!on!any!

single,!diastolic!parameter,!which!can!lead!to!errors.!!
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Background!

Echocardiography!with!Doppler!readily!assesses!LV!diastolic!function;!advantages!

include!that!echocardiography!is!nonSinvasive,!does!not!require!radiation,!is!portable,!

rapid,!readily!available,!and!in!competent!hands,!can!provide!an!accurate!and!

comprehensive!assessment!of!LV!systolic!and!diastolic!function.!Correct!assessment!of!

LV!diastolic!function!is!relevant!in!patients!with!both!depressed!and!preserved!LV!

ejection!fraction!(EF!>50%,!and!<50%,!respectively).!Tissue!Doppler!(TD)!imaging!has!

been!useful!in!demonstrating!impaired!LV!relaxation!in!the!setting!of!preserved!LVEF,!

which,!in!the!setting!of!increased!cardiac!volume,!can!result!in!elevated!LV!filling!

pressures,!and!dyspnea!due!to!diastolic!heart!failure.!!TD!imaging!is!not!always!critical!in!

patients!with!depressed!LVEF,!since!such!patients!by!definition!have!impaired!LV!

relaxation,!and!thus!significant!increases!in!volume!will!result!in!increases!in!LV!filling!

pressure!due!to!impaired!LV!compliance.!Thus,!in!depressed!LVEF,!transmitral!flow!

velocities!(E!and!A,!and!E/A)!and!deceleration!time,!pulmonary!venous!Doppler,!left!

atrial!volume,!and!pulmonary!artery!(PA)!pressures!suffice!for!the!accurate!assessment!

of!LV!filling!pressures.!!Overall,!diastolic!assessment!by!echoSDoppler!can!be!readily!

achieved!in!by!using!a!comprehensive!diastolic!assessment—incorporating!many!2S

dimensional,!conventional!and!tissue!Doppler!variables—as!opposed!to!relying!on!any!

single,!diastolic!parameter,!which!can!lead!to!errors.!!!

!
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Two@dimensional!echocardiography:!Left!ventricular!mass!and!wall!motion,!and!left!

atrial!size!

The!following!criteria!are!needed!for!the!diagnosis!of!diastolic!heart!failure!(DHF):!

clinical!picture!consistent!with!HF,!demonstration!of!preserved!left!ventricular!ejection!

fraction!(LVEF),!and!demonstration!of!diastolic!dysfunction.1!!Clinically,!diastolic!

dysfunction,!secondary!to!impaired!LV!relaxation!and!increased!LV!stiffness,!is!usually!

demonstrated!by!echocardiography!and!Doppler.2!3!4!5!6!The!best!correlate!of!symptoms!

and!survival!in!DHF!is!elevation!of!left!atrial!(or!left!ventricular!filling)!pressure,!readily!

estimated!using!comprehensive!echocardiography!with!Doppler.1,!2!!Demonstration!of!

preserved!LVEF!is!readily!demonstrated!with!2Sdimensional!echocardiography.7!!It!

should!be!noted!that!DHF!is!a!term!used!relatively!interchangeably!with!“HF!with!

preserved!LVEF”!and!“HF!with!normal!LVEF”.!

In!patients!with!heart!failure!and!preserved!LVEF,!LVEF!is!preserved!>50%,!yet,!left!atrial!

pressures—synonymous!with!LV!filling!pressures!in!the!absence!of!obstructive!MV!

disease—are!elevated,!causing!increased!pulmonary!venous!pressures!and!dyspnea!at!

rest!or!during!exertion.1S6!!In!order!for!LA!pressures!to!be!elevated!in!the!absence!of!

significantly!depressed!LVEF,!LV!relaxation!and!compliance!generally!are!depressed,!

most!often!occurring!in!hypertensive!or!ischemic!heart!disease.2S5!!2Sdimensional!

echocardiography,!therefore,!identifies!LV!abnormalities!that!create!the!substrate!for!LV!

diastolic!dysfunction:!LV!hypertrophy!and!LV!wall!motion!abnormalities.!Increased!LV!

mass!(>90!g/m2!for!women!and!>115!g/m2!for!men,!i.e.!LV!hypertrophy)!is!common!in!
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patients!with!DHF5!(Figure!1).!!Previous!studies!have!correlated!increasing!degrees!of!LV!

mass!with!increasing!LV!diastolic!dysfunction!and!filling!pressures.8!In!addition,!since!

LVEF!can!be!preserved!even!in!presence!of!significant!coronary!artery!disease,!LV!wall!

motion!abnormalities!create!the!substrate!for!significant!LV!diastolic!dysfunction!even!in!

the!patient!with!preserved!LVEF!who!may!have!a!diagnosis!of!DHF.!!Therefore,!accurate!

identification!of!LV!wall!motion!abnormalities!is!of!great!importance!in!the!assessment!

of!the!patient!with!potential!diastolic!dysfunction.!Since!LA!pressures!are!elevated!in!

patients!with!significant!diastolic!dysfunction!in!the!presence!of!increased!preload,!and!

since!the!LA!cannot!adequately!empty!in!to!the!LV!during!diastole!in!this!hemodynamic!

scenario,!LA!enlargement!(>30!ml/m2)!is!usually!seen.5!(Figure!1)!!!!

Increasing!LA!size!correlates!with!increasing!LV!filling!pressures!and!worse!outcome!in!

patients!with!diastolic!HF.9!!In!addition,!LA!size!has!been!called!the!barometer!of!LV!

diastolic!dysfunction!or!LV!filling!pressures,!although!certainly!other!entities,!such!as!

atrial!fibrillation!or!chronic!hypertension,!can!result!in!LA!enlargement!in!absence!of!

significant!elevation!of!LA!pressure.6!!It!has!therefore!been!said!that!LA!volume!has!a!

better!negative—as!opposed!to!positive—predictive!value!for!significant!diastolic!

dysfunction!and!heart!failure;!that!is,!a!normal!or!small!LA!largely!excludes!significantly!

elevated!LA!pressure,!while!a!large!LA!volume!may!occur!in!the!absence!of!significant!LA!

dilation.10!Studies!have!also!shown!that!LA!volume!is!a!much!better!measurement!of!LA!

enlargement!than!a!simple!anteroSposterior!diameter,!and!therefore!is!the!

recommended!way!to!measure!LA!size!by!echocardiography.6!It!is!also!important!to!

integrate!2Sdimensional!echocardiographic!variables!in!the!assessment!of!diastolic!
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function;!for!instance,!in!cases!of!ischemic!or!infiltrative!heart!disease,!significant!LV!

hypertrophy!may!be!absent,!yet!LA!volumes!are!often!enlarged.5!

Diastolic!dysfunction!and!demonstration!of!elevated!LV!filling!pressures!

Transmitral!Doppler!

Transmitral!Doppler!(“mitral!inflow!pattern”)!is!essential!for!the!assessment!of!LV!filling!

pressures.!Early!mitral!filling!depends!on!intrinsic!LV!relaxation,!and!the!difference!

between!LA!and!LV!early!(or!“opening”)!diastolic!pressure.!5!!In!a!healthy,!young!heart!

with!normal,!rapid!diastolic!suction,!the!LV!literally!“sucks”!blood!into!the!LV,!resulting!

in!rapid!LA!emptying.!!In!this!scenario,!there!is!a!relatively!tall!E!wave,!and!a!shorter!A!

(late!diastolic!or!“atrial!contraction”!wave)!(Figure!3).!!In!an!LV!with!impaired!relaxation!

but!normal!LV!filling!pressures,!there!is!no!rapid!LV!diastolic!suction,!thus!LA!emptying!is!

more!gradual,!and!results!in!a!relatively!low!velocity!E!wave;!LA!emptying!is!therefore!

dependent!on!LA!contraction,!and!results!in!a!relatively!high!amplitude!A!wave.!!In!the!

setting!of!impaired!LV!relaxation!and!mildly!elevated!LA!pressure,!high!LA!pressure!that!

“drives”!open!the!MV,!resulting!in!a!large!E!wave!and!smaller!A!wave;!this!pattern!is!

termed!“pseudonormalization”.!!In!markedly!elevated!LV!filling!pressure!in!which!LV!

stiffness!is!high,!the!MV!is!forced!open!early!due!to!high!LA!pressure,!but!there!is!rapid!

equilibration!with!the!high!resting!LV!diastolic!pressure!resulting!in!a!rapid!deceleration!

time!of!E.!!This!pattern!is!termed!“restrictive!filling”!(Figure!1).3S5!!The!grades!of!diastolic!

function,!as!assessed!using!comprehensive!echoSDoppler!examination,!are!shown!in!

Figure!2.!
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Valsalva!manoeuver!

The!Valsalva!manoeuver,!in!which!the!patient!forces!expiration!against!a!closed!glottis,!

there!is!increased!intrathoracic!pressure!which!results!in!decrease!in!right!heart!filling!

which!by!definition,!results!in!decreased!LV!filling!(decreased!preload).!!Since!a!

pseudonormal!filling!pattern!exists!in!the!setting!of!elevated!LA!pressure!in!the!presence!

of!impaired!LV!relaxation,!this!decrease!in!preload!lowers!LA!pressure,!which!then!

“unmasks”!the!underlying!impaired!relaxation!pattern!(that!is,!E>A!in!the!setting!of!

impaired!relaxation!and!with!Valsalva!manoeuver!changes!the!transmitral!pattern!to!

E<A).!!(Figure!5)!On!the!other!hand,!in!the!setting!of!normal!diastolic!function,!the!

decrease!in!preload!resulting!from!the!Valsalva!manoeuver!preserves!the!E>A!pattern,!

without!changing!it!to!E<A.!Therefore,!one!of!the!main!uses!of!the!Valsalva!

manoeuver—similar!to!tissue!Doppler!e’—is!to!help!distinguish!normal!from!

pseudonormal!filling!pattern.!In!the!presence!of!a!restrictive!filling!pattern,!the!Valsalva!

manoeuver!will!decrease!preload!and!therefore!help!distinguish!irreversible!restrictive!

filling!pattern!(in!which!E>>A!will!not!change)!from!reversible!restrictive!filling,!where!

decreased!preload!changes!the!restrictive!filling!pattern!to!either!pseudonormal!(E>A)!

or!impaired!relaxation!pattern!(E<A),!since!the!increased!intrathoracic!pressure!resulting!

from!Valsalva!decreases!LA!pressure.!

Tissue!Doppler!imaging!

Tissue!Doppler!early!diastolic!mitral!annular!velocity!(e’),!which!is!relatively!nonSload!

dependent!in!patients!with!cardiac!disease,!is!generally!thought!to!be!the!best!nonS
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invasive!estimate!of!LV!relaxation11!12!13!14.!!The!longer!it!takes!for!the!LV!to!relax,!the!

lower!is!the!e’!velocity.!!The!resulting!E/e’!ratio,!has!been!validated!as!a!reasonably!

reliable!nonSinvasive!indicator!of!LV!filling!pressure!in!patients!with!preserved!or!

depressed!LVEF!(Figure!1).11S14!!It!should!be!mentioned!that!one!study,!performed!in!the!

intensive!care!unit!in!patients!in!decompensated!heart!failure,!questioned!the!

correlation!of!E/e’!and!LV!filling!pressures.15!In!patients!with!normal!hearts,!E/e’!does!

not!accurately!predict!LV!filling!pressure!due!to!correlation!of!e’!with!LV!filling!pressures!

in!such!subjects,!as!opposed!to!lack!of!such!a!correlation!in!patients!with!cardiac!

disease.16!The!E/e’!ratio!has!since!been!demonstrated!to!be!useful!in!estimating!LV!

filling!pressures!in!hypertrophic!cardiomyopathy17,!sinus!tachycardia18,!atrial!

fibrillation19,!and!postScardiac!transplantation.20!!An!important!consideration!when!

using!E/e’!is!the!“grey!zone”!of!indeterminate!values:!in!general,!in!patients!with!

preserved!LVEF!and!using!e’!averaged!from!the!mitral!septal!and!lateral!annuli,!if!E/e’!<!

8,!LV!filling!pressures!are!likely!normal;!if!E/e’>13,!LV!filling!pressures!are!likely!

elevated5;!however,!between!9!and!12,!E/e’!can!be!indeterminate.!In!such!cases—in!

addition!to!incorporating!other!echoSDoppler!parameters!(LA!volume,!pulmonary!

venous!Doppler,!PA!pressure)—use!of!BStype!natriuretic!peptide!(BNP)!and!NSterminal!

proSBNP!can!be!useful!to!help!decide!if!LV!filling!pressures!are!indeed!elevated!or!

not.21,22!The!E/A!ratio,!mitral!deceleration!time,!and!E/e’!ratio!have!all!been!shown!to!be!

useful!echocardiographic!indicator!of!LV!diastolic!dysfunction,!and!more!particularly,!of!

elevated!LV!filling!pressures.5!!These!variables!have!also!been!shown!to!be!markers!of!

outcome!in!patients!with!HF.9!23!!!!
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Transmitral!color!Doppler!flow!propagation!velocity!

Color!Doppler!mSmode!imaging!can!be!applied!in!the!apical!views!to!semiSquantitate!the!

velocity!and!rate!of!blood!flow!from!the!mitral!valve!annulus!to!the!LV!apex!(Figure!3).!!

In!this!way,!the!early!diastolic!filling!wave!by!color!mSmode,!which!appears!in!red!color!

as!blood!flow!from!the!mitral!valve!level!to!the!LV!apex!can!be!identified.!The!slope!of!

this!early!diastolic!color!mSmode!wave!(Vp),!is!rapid!(vertical)!in!patients!with!normal!

diastolic!function!due!to!rapid!diastolic!suction!in!which!blood!quickly!flow!from!MV!to!

LV!apex.!!However,!in!the!presence!of!increasingly!impaired!relaxation,!this!slope!

become!flatter!and!flatter,!reflecting!increasingly!impaired!LV!relaxation.!A!ratio,!E/Vp,!

similar!to!E/e,!has!therefore!been!developed!and!validated,!and!correlates!to!mean!LA!

pressure.24!!An!E/Vp!>!15!reasonably!correlates!with!PCWP!>15!mmHg,!although!there!

are!many!hemodynamic,!rhythm!and!myocardial!motion!variables!which!can!impact!this!

relationship.!!Furthermore,!some!studies!have!shown!that,!in!comparison!to!invasive!

measurement!of!LV!filling!pressures,!E/e’!appears!more!accurate!than!E/Vp.25!

Spectral!Doppler!pulmonary!venous!flow!

In!the!normal!heart!with!rapid!ventricular!suction,!the!diastolic!pulmonary!venous!wave!

is!augmented,!due!to!rapid!flow!through!the!pulmonary!veins!into!the!LA,!through!the!

mitral!valve,!and!into!the!LV.!!Therefore,!in!the!completely!normal!heart,!the!dominant!

PV!diastolic!wave!corresponds!to!the!dominant!transmitral!E!wave,!and!is!a!sign!of!

normal!LV!lussotropic!function;!the!completely!normal!heart!therefore!has!PV!S<D.!!

However,!when!LV!relaxation!becomes!impaired,!PV!flow!during!LV!diastole!becomes!
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truncated,!and!therefore!most!filling!occurs!during!LV!systole,!resulting!in!S>D,!which!

corroborates!to!transmitral!E<A!(Grade!I!diastolic!dysfunction).26!!When!LA!pressure!

becomes!elevated,!PV!flow!during!LV!systole!decreases,!as!LA!pressure!in!the!setting!of!

a!closed!MV,!prevents!normal!PV!flow,!and!PV!flow!becomes!higher!in!diastolic!when!

the!mitral!valve!opens,!relieving!elevated!LA!pressure;!this!results!in!PV!S<D,!

corresponding!to!E>A,!(Grade!II!diastolic!dysfunction).!!Therefore,!PV!flow!is!subject!to!

pseudonormalization!in!the!same!way!as!transmitral!flow.!!In!restrictive!filling,!the!PV!

pseudonormal!pattern!becomes!more!exaggerated,!with!S<<D,!with!a!rapid!deceleration!

time!of!D.!!While!the!PV!S/D!ratio!reflects!mean!LA!pressure,!the!PV!atrial!reversal!wave!

reflects!LV!endSdiastolic!pressure,!as,!if!the!LA!contracts!against!the!high!diastolic!

pressure!in!the!LV,!blood!will!preferentially!flow!backwards!into!the!PV,!as!opposed!to!

transmitrally!into!the!LV.!!Therefore,!PV!Ar!wave!is!higher!and!longer!than!transmitral!A,!

rendering!PV!ArSA!a!measure!of!LV!endSdiastolic!pressure.!!!

Tricuspid!regurgitation!velocity!for!pulmonary!artery!pressure!estimation!

In!the!setting!of!high!LA!pressure!in!the!patient!with!diastolic!heart!failure,!pressure!is!

transmitted!back!into!the!pulmonary!veins,!and!across!the!pulmonary!venousScapillary!

bed!into!the!pulmonary!arterioles!and!into!the!pulmonary!arteries;!therefore,!

pulmonary!arterial!hypertension!(PAH)!can!result.27!!In!this!way,!PA!pressure!estimated!

by!addition!of!an!estimate!of!RA!pressure!(by!assessing!IVC!size!and!response!to!

respiration),!is!a!good!surrogate!marker!of!significant,!and!often!chronic,!LA!pressure!

elevation!(Figure!4).!!As!recommended!by!guidelines,!PASP!>!35!mmHg!often!
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accompanies!advanced!or!significant!LV!diastolic!dysfunction!with!elevated!LA!

pressures.5!!However,!as!with!LA!volume,!the!presence!of!significant!PAH!does!not!

necessarily!mean!significant!diastolic!dysfunction,!as!significant!elevations!in!pulmonary!

vascular!resistance!(PVR)!due!to!intrinsic!lung!disease!must!first!be!excluded.!!Likewise,!

normal!PASP!can!be!helpful!in!excluding!significant!and!long!standing!LA!pressure!

elevation,!provided!a!complete!TR!jet!is!obtained!with!correct!Doppler!sample!volume!

angulation!in!respect!of!the!direction!of!TR,!and!with!correct!RA!pressure!estimation.!!

PA!endSdiastolic!pressure,!which!in!the!absence!of!significant!elevations!in!PVR!can!be!a!

good!estimate!of!mean!LA!pressure,!can!be!estimated!from!the!pulmonary!regurgitation!

diastolic!wave,!with!RA!pressure!then!added!to!it!as!is!done!with!PASP.28!

The!patient!with!atrial!fibrillation!and!other!special!situations:!Diastolic!assessment!

It!may!be!challenging!to!accurately!assess!LV!diastolic!function!by!echocardiography!in!

patients!with!atrial!fibrillation.!!Owing!to!elevated!heart!rate,!irregular!RSR!intervals,!and!

loss!of!atrial!contraction,!echoSDoppler!assessment!can!at!times!be!problematic.!!

However,!mitral!DT!<150!ms,!lack!of!variation!in!E!wave!velocity!despite!varying!RSR!

intervals!(as!there!remains!an!elevated!opening!gradient!between!the!LA!and!LV!at!

mitral!opening—early!diastolic!filling!E!wave—despite!longer!diastolic!filling!periods!

when!the!LA!pressure!should!decrease),!IVRT<65!ms,!elevation!of!E/e’!(>11),!and!

presence!of!pulmonary!hypertension!in!the!absence!of!lung!disease,!are!all!clues!to!the!

presence!of!elevated!LA!pressure!in!the!setting!of!AF.5!29!30!!The!E/e’!ratio!can!also!be!

used!in!patients!with!AF,!although!with!somewhat!lower!accuracy!than!in!patients!in!
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sinus!rhythm,!for!the!estimation!of!LV!filling!pressures,!as!long!as!>5!cardiac!cycles!are!

used!and!averaged!(which!holds!for!any!Doppler!parameter!in!AF).19!In!patients!who!are!

in!supraventricular!tachycardia,!atrial!flutter,!paced!rhythm!or!heart!block,!LV!diastolic!

assessment!can!be!very!difficult,!although!presence!of!both!significant!LA!enlargement!

and!pulmonary!hypertension!in!the!absence!of!lung!disease!can!be!an!important!clue!to!

elevated!LA!pressures!in!these!scenarios.!!Another!unclear!scenario!is!the!effect!of!

significant!mitral!regurgitation!(MR)!on!e!’and!the!E/e’!ratio!in!estimating!LV!filling!

pressures.!!It!has!been!shown!that!in!patients!with!secondary!MR!(due!to!LV!disease),!

E/e’!accurately!predicted!PCWP;!however,!in!patients!with!primary!MR!(due!to!a!

primary!mitral!valve!abnormality),!E/e’!was!not!reliably!predictive!of!PCWP.31!

Diastolic!stress!echocardiography!

Patients!with!LVEF!(>50%)!who!present!with!dyspnea—particularly!exertional!dyspnea—

may!not!have!significant!LV!diastolic!dysfunction!at!rest.!Yet,!during!exercise,!increased!

heart!rate,!and!peripheral!muscle!and!central!organ!oxygen!demand!may!cause!LV!

diastolic!decompensation,!unmasking!significant!LV!diastolic!dysfunction!with!exertion!

not!detectable!at!rest.32,33!In!this!way,!transmitral!Doppler!parameters!(E,!A,!E/A),!E/e’,!

and!DopplerSestimated!pulmonary!artery!pressures,!and!their!response!to!exertion,!are!

valuables!tools!to!diagnose!exertional!diastolic!heart!failure.34,35!Clinically!speaking,!

elderly,!hypertensive,!diabetic,!obese,!and!female!patients!are!at!highest!risk!of!having!

exercise!induced!diastolic!dysfunction,!and!are!often!candidates!for!diastolic!stress!

echocardiography!(DSE).!Tables!1!and!2!illustrate,!respectively,!a!suggested!protocol!for!
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performance!of!DSE,!and!the!changes!in!echoSDoppler!variables!that!connote!a!positive!

test.!It!is!important!to!note!that!patients!with!>!grade!II!diastolic!dysfunction!at!rest!

(pseudonormal!filling!or!greater)!already!have!findings!consistent!with!elevated!LV!filling!

pressures,!and!generally!do!not!need!to!undergo!diastolic!stress!echocardiography;!

therefore,!patients!with!exertional!dyspnea!and!normal!or!minimally!elevated!LV!filling!

pressures!are!rest!are!those!best!considered!for!DSE.!

Multiple!echocardiographic!variables!are!needed!for!accurate!diastolic!assessment!

It!is!critical!to!integrate!several!variables—2Sdimensional,!conventional!and!tissue!

Doppler—in!order!to!arrive!at!a!correct!diastolic!assessment,!as!opposed!to!relying!on!a!

single!variable!(such!as!LA!size!or!E/e’)!alone!which!can!lead!to!errors!(Table!3).!!Indeed,!

current!guideline!recommend!and!integrated!approach!of!many!diastolic!variables!

(Figures!5!and!6),!and!data!has!shown!that!additional!echocardiographic!variables,!when!

added!to!E/e’!can!result!in!more!accurate!diastolic!determination,!compared!to!

invasively!measured!LV!filling!pressures,!than!E/e’!alone.36!!Not!infrequently,!echoS

Doppler!parameters!appear!to!conflict:!for!instance,!in!a!patient!with!normal!LVEF,!

E/e’=13,!but!LA!volume!is!not!enlarged,!E<A,!and!there!are!normal!pulmonary!pressures!

by!Doppler.!!In!such!cases,!the!E/e’!ratio!should!likely!be!dropped,!since!all!other!

variables!point!toward!normal!LV!filling!pressures.!!Therefore,!as!rule,!multiple!echoS

Doppler!parameters!of!LV!diastolic!function!should!be!assessed!in!every!patient37,!and!

the!conclusion!to!which!most!parameters!point,!should!be!the!overall!diastolic!

assessment,!with!“outlying”!parameters!discarded.!!In!most!cases!of!conflicting!echoS
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Doppler!diastolic!parameters,!a!cogent!conclusion!can!be!reached,!although!in!some!

cases,!the!diastolic!assessment!may!remain!equivocal.!!Above!all,!no!single!diastolic!

parameter!should!be!used!in!isolation!to!arrive!at!a!diastolic!conclusion!in!a!given!

patient.5!

Future!directions!

Speckle!tracking!echocardiography!tracks!signature!graySscale!characteristics!of!points!in!

the!LV!myocardium,!thus!providing!information!on!displacement,!velocity,!deformation!

and!deformation!rate!(strain!and!strain!rate,!respectively),!independent!of!angulation!

and!cardiac!translational!motion.38!!Such!nonSDopplerSbased!2D!imaging!variables!have!

provided!detailed!information!on!myocardial!mechanics!in!hypertensive!heart!disease,!

hypertrophic!cardiomyopathy,!diastolic!and!systolic!LV!failure,!and!well!as!in!cases!of!

pulmonary!hypertension.39!40!41!Currently,!such!speckleSbased!measures!are!being!

studied!to!assess!their!role!in!identifying!patient!outcome!in!various!heart!failure!states.!!

One!of!the!most!attractive!features!of!speckle!tracking!is!that!it!can!demonstrate!the!

presence!of!systolic!abnormalities,!especially!regional!ones,!in!the!presence!of!

preserved!LVEF!in!patients!with!cardiac!disease.42!!Speckle!tracking!can!also!

demonstrate!systolic!and!diastolic!abnormalities!in!multiple!vectors!(longitudinal,!radial,!

circumferential!and!rotational)!as!characteristic!myocardial!markers!are!tracked!

throughout!the!cardiac!cycle!and!in!space!as!the!heart!translates!in!the!thoracic!cavity.!!

In!particular,!patients!with!diastolic!dysfunction!and!DHF!have!been!shown!to!have!

preserved!LV!twist!(systole)!and!untwist!(diastole)!but!impaired!longitudinal!strain,!
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whereas!patients!with!HF!with!depressed!EF!have!impaired!twist/untwist!as!well!as!

depressed!longitudinal!and!circumferential!strain.38S42!Newer!echocardiographic!

variables!such!as!flow!velocity!fields!derived!from!color!sequences!can!measure!

intraventricular!fluid!mechanics,!an!important!determinant!of!global!chamber!LV!

operative!stiffness;!in!this!way,!impaired!LV!vortex!generation!can!be!identified,!which!

has!been!shown!to!be!a!mechanism!of!LV!diastolic!dysfunction.43!Finally,!LA!strain!and!

strain!rate,!which!are!measures!of!LA!deformation!and!deformation!rate,!respectively,!

have!also!been!shown!to!be!markers!of!early!diastolic!dysfunction,!in!both!patients!with!

heart!failure!with!preserved!LVEF!44!45!46!and!in!hypertrophic!cardiomyopathy.47!!

Conclusions!

To!arrive!at!an!accurate!assessment!of!cardiac!diastolic!function,!comprehensive!

echocardiography!with!2Sdimensional!imaging,!spectral!and!color!Doppler—as!well!as!

newer!techniques!speckle!strain!echocardiography—are!utilized.!!This!assessment,!

which!includes!LV!mass!and!regional!wall!motion!assessment,!LA!volume,!transmitral,!

pulmonary!venous,!and!tissue!Doppler!as!well!as!estimation!of!PA!systolic!and!diastolic!

pressures,!can!provide!accurate!assessments!of!diastolic!function!in!the!majority!of!

patients.!!It!is!important!to!note!that,!as!recommended!in!current!guidelines,!use!of!any!

single!echoSDoppler!diastolic!variable!(for!example!only!E/e’)!in!isolation,!can!lead!to!

errors.!!Therefore,!it!is!of!utmost!importance!that!a!comprehensive!assessment!of!LV!

diastolic!function!include!integration!of!all!available!2D!and!Doppler,!and!tissue!Doppler!

variables!to!arrive!at!the!most!accurate!diastolic!assessment.!!!
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!

Figures!

!

Figure!1.!!Comprehensive!diastolic!assessment!with!echocardiography!in!a!patient!

with!diastolic!heart!failure:!Chronic!hypertension!is!a!common!scenario!for!the!

development!of!diastolic!dysfunction,!and!the!hypertrophied!left!ventricle!(LV)!develops!

impaired!relaxation,!and!in!the!right!loading!conditions,!can!result!in!elevated!left!atrial!

(LA)!pressure.!This!patient!with!chronic!hypertension!presented!with!dyspnea.!

Echocardiography!revealed!concentric!LV!hypertrophy!(LV!mass!index!was!119!g/m2,!

Panel!A)!with!preserved!LV!ejection!fraction!of!62%.!The!patient!also!has!severely!
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dilated!left!atrium!(LA)!from!chronic!elevation!in!LA!pressures!in!the!setting!of!left!

ventricular!hypertrophy!from!chronic!hypertension!(Panel!B).!This!patient!had!severe!LA!

enlargement,!with!an!unindexed!LA!volume!of!137!ml!and!an!indexed!volume!of!72!

ml/m2.!Panel!C!shows!restrictive!diastolic!filling!pattern!in!the!transmitral!spectral!

Doppler!with!E/A=2.46!and!deceleration!time!=!121!ms,!reflective!of!significantly!

elevated!LV!filling!pressures.!Panel!D!shows!tissue!Doppler!at!the!lateral!LV!mitral!

annulus!with!a!depressed!e’!velocity!of!5.7!cm/s,!indicating!impaired!LV!relaxation;!

when!e’!is!divided!into!the!transmitral!E!velocity!of!177!cm/s,!this!results!in!an!elevated!

E/e’!of!31,!confirming!significantly!elevated!LV!filling!pressures.!
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!

Figure!2.!Diastolic!function!grades:!Left!ventricular!(LV)!diastolic!function!ranges!from!

normal!(Grade!0)!to!impaired!relaxation!(Grade!I),!to!pseudonormal!(Grade!II),!to!

restrictive!(Grade!III),!and!irreversibly!restrictive!(Grade!IV).!!LV!relaxation!and!left!atrial!

pressures!(LAp)!increase!from!Grades!0!to!IV,!as!does!LA!volume.!!Mitral!valve!inflow!

(MVI),!tissue!Doppler!imaging,!Valsalva!manoeuver,!flow!propagation!velocity!(Vp)!and!

pulmonary!venous!flow!are!all!helpful!in!distinguishing!Grades!of!LV!diastolic!function,!

and!should!be!used!together!for!an!integrated!approach!to!the!assessment!of!diastolic!

function!as!recommended!in!current!guidelines.!(Figure!adapted!from!Reference!31).!
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!

Figure!3.!!Diastolic!assessment:!Transmitral!flow!propagation!velocity!(Vp):!Placing!the!

color!Doppler!sample!volume!from!the!mitral!annular!level!to!the!left!ventricular!(LV)!

apex,!the!more!rapid!the!LV!relaxation,!the!faster!blood!travels!from!the!mitral!annular!

level!to!the!LV!apex,!and!hence!the!more!vertical!the!color!Doppler!mitral!inflow!mS

mode!and!the!more!rapid!the!Vp!slope!(left!panel).!!On!the!other!hand,!the!more!

impaired!the!LV!relaxation,!the!slower!it!take!for!blood!to!go!from!the!mitral!annular!to!

the!LV!apex,!hence!a!“flatter”!Vp!slope!(right!panel).!
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!

Figure!4.!Tricuspid!regurgitation!velocity!for!pulmonary!artery!systolic!pressure!

estimation!in!diastolic!dysfunction:!!In!patients!with!significant!left!ventricular!(LV)!

diastolic!dysfunction!with!chronically!elevated!LV!filling!pressures,!backSpressure!

through!the!left!atrium!(LA),!into!the!pulmonary!veins,!and!across!the!pulmonary!

venousScapillary!bed!into!the!pulmonary!arterioles!and!pulmonary!arteries!(PA),!results!

in!elevation!of!PA!pressure.!Thus,!PA!systolic!pressure!elevation,!in!the!absence!of!

significant!intrinsic!lung!disease!and!resultant!elevated!pulmonary!vascular!resistance!

(PVR),!is!a!reasonable!correlate!of!elevated!LA!pressures.!PA!systolic!pressure!can!be!

estimated!by!Doppler!using!the!tricuspid!regurgitation!peak!systolic!velocity!and!adding!

to!it!an!estimate!of!right!atrial!(RA)!pressure.!!This!image!shows!a!TR!velocity!of!3.64!
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m/s,!equivalent!to!a!TR!systolic!pressure!of!53!mmHg,!which!indicates!at!least!moderate!

PA!hypertension!in!patient!with!chronically!elevated!LA!pressure!due!to!ischemic!

cardiomyopathy!and!diastolic!dysfunction.!RV=right!ventricular.!
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!

Figure!5.!An!integrated!approach!to!the!assessment!of!left!ventricular!diastolic!

function:!Normal!LV!ejection!fraction:!As!recommended!in!current!guidelines,!use!of!

multiple!echoSDoppler!parameters!results!in!a!more!accurate!assessment!of!left!

ventricular!(LV)!diastolic!function!than!using!any!single!echoSDoppler!parameter!in!

isolation.!In!the!patient!with!normal!LV!ejection!fraction!(EF),!it!is!reasonable!to!start!

with!early!transmitral!diastolic!velocity/tissue!Doppler!early!diastolic!velocity!(E/e’),!as!it!

can!be!difficult!to!discern!whether!a!patient!with!preserved!LVEF!has!impaired!or!

normal!LV!relaxation.!!Following!E/e’,!other!echoSDoppler!variables!are!added!to!result!

in!an!accurate!assessment!of!LV!diastolic!function.!(From!Reference!5).!
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!

Figure!6.!An!integrated!approach!to!the!assessment!of!left!ventricular!diastolic!

function:!Depressed!ejection!fraction:!As!recommended!in!current!guidelines,!use!of!

multiple!echoSDoppler!parameters!results!in!a!more!accurate!assessment!of!left!

ventricular!(LV)!diastolic!function!than!using!any!single!echoSDoppler!parameter!in!

isolation.!In!the!patient!with!depressed!LV!ejection!fraction!(EF),!it!is!reasonable!to!start!

with!early!and!late!transmitral!diastolic!inflow!velocities!and!deceleration!time!(E,!A!and!

DT,!respectively),!as!it!can!assumed!that!patients!with!depressed!LVEF!(<50%)!have,!by!

definition,!impaired!LV!relaxation.!!Following!transmitral!diastolic!flow,!other!echoS

Doppler!variables!are!added!to!result!in!an!accurate!assessment!of!LV!diastolic!function.!

(From!Reference!5).!
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