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Left Ventricular Dysfunction Is a Mismatch between Blood Flow and Wall Motion
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Fig. 1 Phases of left ventricular relaxation and filling dur-
ing diastole.

AC: aortic valve closing, MO: mitral valve opening, MC: mitral
valve closing, IRT: isovolumic relaxation time, RF: rapid filling
phase, SF: slow filling phase, AS: atrial systolic phase, LVP:
left ventricular pressure curve, ECG: electrocardiogram.

IRMEREE B 256, 3 AR OHARRBINYIIobARE S
51E)) (active relaxation) 2SEHEETH Y, EH, AT
HNC—3 3528 (Fig. 1), LFonlig B — iR 208 im A
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EFHINS. Stiffness d B\ & complianceld, Ak, f4IH
FELNALE 3 23 2 A AW (diastasis) (2BWTHE
ENDBERETH 25, HEBHKRIZBNTUILE B E DL
FPAEARIE (left ventricular end-diastolic pressure: LV-
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Fig. 2 Temporal relationship between the left ventricular
and left atrial pressure curves and the transmitral flow
velocity (TMF) in a normal subject.

LVP: left ventricular pressure curve, LAP: left atrial pressure
curve, dP/dt: first derivative of left ventricular pressure curve,
E: early diastolic transmitral flow velocity, A: atrial systolic
transmitral flow velocity, ECG: electrocardiogram, PCG:
phonocardiogram.
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Fig. 3 Transmitral flow velocity (TMF) patterns in a normal subject (N), and 3
patients with impaired relaxation (IR) and elevated left ventricular end-diastolic

pressure (LVEDP).

PN: pseudonormalized TMF pattern, RS: restrictive TMF pattern, LVP: left ventricular
pressure curve, LAP: left atrial pressure curve, Tau: time constant of left ventricular
pressure decay during isovolumic diastole, E: early diastolic wave, A: atrial systolic
wave, ECG: electrocardiogram, PCG: phonocardiogram.
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Fig. 4 Pulmonary venous flow velocity (PVF) pattern recorded from a trans-

esophageal approach in a normal subject.

PVC: peak early systolic backward velocity, PVA: peak atrial systolic backward
velocity, PVS+: peak first systolic forward velocity, PVS2: peak second systolic
forward velocity, PVD: peak early to mid-diastolic forward velocity, LA: left atrium, PV:
left superior pulmonary vein, ECG: electrocardiogram, PCG: phonocardiogram.
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Fig. 5 Various parameters expressing a decrease in left
ventricular diastolic compliance or an increase in left ven-
tricular diastolic stiffness.

@ : left ventricular end-diastolic pressure, @ : left ventricular
filling pressure, @ : left atrial pressure, @ : pulmonary venous
pressure, ® : pulmonary capillary wedge pressure.

PA: pulmonary artery, LU: lung, PV: pulmonary vein, LA: left
atrium, MV: mitral valve, LV: left ventricle, Ao: ascending
aorta.
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Fig. 6 Changes in transmitral flow (TMF) and pulmonary
venous flow (PVF) velocity patterns during an increase in
preload in a patient with hypertrophic cardiomyopathy and
impaired relaxation (LVEDP = 12 mmHg).

Peak early diastolic TMF velocity (E) and peak second systolic
forward PVF velocity (PVS2) are markedly increased during an
increase in preload, although there are no changes in peak
atrial systolic forward TMF and backward PVF velocities (A
and PVA, respectively).

LVEDP: left ventricular end-diastolic pressure, ECG:
electrocardiogram, PCG: phonocadiogram, PVS:: first systolic
forward PVF velocity, PVD: peak early to mid-diastolic forward
PVF velocity.

(%53 O OPLRIEVEA R TH 5 ™) 720, FLaEKM
DAY TIAT Y AREZME) ZEDL0P HE5TTMF
LBk, PVFIZHILEP -2 DY —2 & B\ idnotch %
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E/A<1%RIBNIERTEZEOME (stiffness) 1FIAL
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TME2SE/A 2 128§ G113, TOWEA IR /3
F—2 i TBIERAL ) 85— % KPS 5 0 EH D 575,
WIRDZ L3O BRENEOREE B L TMF DA 5

Vol. 2 No. 22008 ] Cardiol Jpn Ed 93



Fig. 7 Representative transmitral flow (TMF) and pulmonary venous flow
(PVF) velocity patterns in a patient with hypertrophic cardiomyopathy and mid-

diastolic wave (LVEDP =19 mmHg).

Mid-diastolic wave (MD) can be observed in both TMF and PVF velocity patterns,
and peak atrial systolic backward PVF velocity (PVA) is markedly accentuated.

LVEDP: left ventricular end-diastolic pressure, ECG: electrocardiogram, PCG:
phonocardiogram, E: early diastolic TMF velocity, A: atrial systolic TMF velocity,
PVS.: peak second systolic forward PVF velocity, PVD: peak early to mid-diastolic

forward PVF velocity.
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Fig. 8 Changes in transmitral flow (TMF) and pulmonary venous flow (PVF)
velocity patterns during an increase in preload in a patient with hypertrophic
cardiomyopathy and pseudonormalized TMF pattern (LVEDP = 24 mmHg).
During an increase in preload, TMF velocity changes from pseudonormalized
to restrictive pattern. The peak atrial systolic backward PVF velocity (PVA) is
markedly increased, whereas peak second systolic forward PVF velocity (PVS2)
is unchanged.

LVEDP: left ventricular end-diastolic pressure, PVS,: peak second systolic
forward PVF velocity, E: early diastolic TMF velocity, A: atrial systolic TMF
velocity, PVS:: first systolic forward PVF velocity, PVS:: peak second systolic
forward PVF velocity, PVD: early to mid-diastolic forward PVF velocity, PV:
pulmonary vein, LA: left atrium, LV: left ventricle, ECG: electrocardiogram,
PCG: phonocardiogram.
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Fig. 9 Transmitral flow (TMF) and pulmonary venous flow (PVF) velocity patterns in
2 patients with dilated cardiomyopathy (DCM) and cardiac amyloidosis (CA).

In both patients, TMF velocities show restrictive patterns, and peak second systolic
forward (PVS:) and peak atrial systolic backward (PVA) PVF velocities are markedly
diminished, although the peak early to mid-diastolic forward PVF velocity (PVD) is
exaggerated.

E: early diastolic TMF velocity, A: atrial systolic TMF velocity, PVS:: first systolic
forward PVF velocity, mPCWP: mean pulmonary capillary wedge pressure, LVEDP: left
ventricular end-diastolic pressure, PV: pulmonary vein, LA: left atrium, LV: left ventricle,

ECG: electrocardiogram, PCG: phonocardiogram.

5, PVSAUIRBITHE T2 L1205, TMFOARKITEL
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DOAFEA (mismatch)” 25§52 &AW EETH L. L
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Fig. 10 Method for recording motion velocity patterns of mitral annulus
and left ventricular (LV) posterior wall by pulsed tissue Doppler imaging in
parasternal LV long-axis view (left, top) and apical LV long-axis view (left,
bottom), and typical motion velocity patterns recorded at middle site of LV
posterior wall in a normal subject (right).

Peak early diastolic velocity (Ew) along the short-axis (right, top) is greater than
that along the long-axis (right, bottom), and peak atrial systolic velocity (Aw) along
the long-axis (right, bottom) is greater than that along the short-axis (right, top).
Peak first systolic velocity (Sw1) along the long-axis (right, bottom) is greater than
second systolic velocity (Swz) along the long-axis (right, bottom) and Swi and
Sw2 along the short-axis (right, top). Peak Swz along the short-axis (right, top) is
greater than that along the long-axis (right, bottom).

T: transducer, RV: right ventricle, Ao: ascending aorta, LA: left atrium, dP/dt: first
derivative of left ventricular pressure curve, LVP: left ventricular pressure curve,
ECG: electrocardiogram, PCG: phonocardiogram, IIA: aortic component of the
second heart sound.
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INVARRER 77XV FEER SN B IE B RED B\ 134
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SOOI R OWFTR OO BT HBigEsh 5 ¥,
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FIC X B T i B T 2 FL sk 9 A 2 LX), TMF
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Fig. 11 Correlations between the pulsed tissue Doppler variables during early diastole
and the hemodynamic variables in normal subjects and patients with various myocardial

diseases (quoted from references #42, 43).

Ew: peak early diastolic motion velocity of the mitral annulus or left ventricular posterior
wall, tau: time constant of left ventricular pressure decay during isovolumic diastole,
mPCWP: mean pulmonary capillary wedge pressure, E: peak early diastolic transmitral flow
velocity, A: peak atrial systolic transmitral flow velocity.

L7z bbb, HRRLREC 31) 2 18 1E 7 B H
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27257z,
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W) WMEENLW] WA EPHPILZ2DTH S FD
#%. Nagueh®* & TMF O E & 47 Fi-#fi 5% B 53 9% % 0 Ew
Ot (E/Ew) 2SAEZSFTE LA BEOIEMBE RS LZH
LAZLTW5 (Fig. 11, HE). RIgEIE, B]/IE BRDY
KRN ENTEY, E/Ew = 1506 TRAEEA ER
LTWwbEEZTLv. RIEOHFIZBWTD, isolated
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IR L S b B K T 5 Z E DRI ST % Y,

DLEOGEROMEGITLY, JEERED D\ A IE A B
P O LR WD [HRM IS E SR ] Ev)
CEPHML, BHEDHERIGHIZES>TWA. ZZTTMF
LT REE B P DR T 2479 T LI2 LY, FED
[ SEARREA 2L & BEE B O A HE A (mismatch) Tdh
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5] CLEGHTE S, bbb, TMFE B XU/ S BE &)
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(JE 220 D active recoil (2 & % suction &) DTN, /2
FEPHEABIEFAL ST — 2 2R 36 TR ZE NI IEA A
Fe BB OBIIRIZRAT T2 GREEL 7278 SO Otz 12
S UC A L2 LB ASBRE T & 7 o TS LR S
%) IRRAEIFETE2 .

Isolated diastolic heart failure M@
EENHERREN ?

WE, ALBRREAEIC LD ORI TIRIGERETEO T
NTWVBZEMHIRER ST VB, RBIZEHITHAIH?
EVIHEE G, MHRE T 7B LN strain imaging
EEHWTEA O DOE R &k X ThIz,

FEEONHEHERE R FF 3 5 B5121E, R Y 7H#E (pump
function) BLWLFHOL#HENE (contractility) % Z 3540k
EAHY, K, BiHOIEEE LCIZERIIOERHIE (ejec-
tion fraction), A& OKEEE LCIIERIGHLOLETFE—
KW EE (peak dP/dt) AWV HRTE -,

L LA, B0 BT I3 CTHMETH 5.
— Mz, AROHE3E (NERDER, PREEIRT, SHE
FHER) ICXVBER ST WA, SVBOIZA B OLFEER




EERETEIE

TMF
L LA
ECG

PCG

la

A Ewo

MR EBEEH DAES (m|smatch) Thd —

Ew

> <

lA-Ewo

Fig. 12 Temporal relationship between the transmitral flow (TMF, top) and left ventricular
posterior wall motion (PWV, bottom) velocities recorded from a transthoracic approach in a
normal young subject (left) and a patient with dilated cardiomyopathy (DCM) and markedly
increased left ventricular end-diastolic pressure (right) (quoted from reference #45).

In the normal young subject, the time from the aortic component of the second heart sound to
the onset of the early diastolic wave of the left ventricular posterior wall motion velocity (lla-Ewo)
is shorter than the isovolumic relaxation time (IRT). However, the lla-Ewo is longer than the IRT in

the patient with pseudonormalized TMF pattern.

E: peak early diastolic TMF velocity, A: peak atrial systolic TMF velocity, Ew: peak early diastolic
motion velocity of the left ventricular posterior wall, Aw: peak atrial systolic motion velocity of the
left ventricular posterior wall, ECG: electrocardiogram, PCG: phonocardiogram.
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Fig. 13 Myocardial fiber architecture in left ventricular wall
(quoted from reference #46).

@ : subendocardial fibers, @ : papillary muscle, 3 : vortex
cordis, @ : circumferential fibers, (& : subepicardial fibers.
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ZOHEER, HERPGFEIIC BT EST WO IGHEAE
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MBoTwL, —JF, BRI 2 &8l 5 e~ o0 B 14
BEDEM LD, SFEPGEL ORI COLEED
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WA SNTBY ™, R D KRS B B\ O
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BILERLTWA, BB, KHNJTIO SwildZE S0 0
PRETEZ SN T & 2720, F 7o IVAMICE 208
viability DMHIC O A TH 5. Fi%, REOHERDOH
FIZBWTD, AEZONHG R ORI W0 LTRET
MOZALATEHEN B X oTETNS ™,

—J5, ZSVAHRE R 75 3G ORI B B AL R RE
O EHhB L O O MEZ S IEHITE LR NAE A
5. IEEONCBIL0EIH O SREME (Aw) 1,
ST NS e TR T 1AM T 2708, JE AL
BBIZONTREMGA~OMBEIZRA ZRL, KEIH
WO EBRENKE RS, TORE, EEMWKFTIZ
LV-EDP ® L5128k, TMFOE/A<1%77R 361 (kg5
W) T, T MO BEME OB ORI XD LRI o/
SNIMERAZRE TS, L Lads, ARIEAAS
LTI 5 DRI X0 LB ] 007 22 Y Lo A % #E
FLIVEBDLLDOD, TMFOE/A>1Z25R3H (av7
AT Y AMET) T, HEB LR mOWTIuIBw
THREMEDOI T 23K, TOME, LEIGHIZBT
BIEEDOIFIRNOMGE, T 2bbi)>MafHkT 5 &
N2 b,

VD ED X% OVARBER 7 58058 5N A5 2
T, TERFEEINT22D speckle trackingF: &M% kI
L0, EROHo B XOHE G MO EHE Mg, =i
T OREEBIME WA DL ERHI IR TEL X HRoT
%729 (Fig. 14).
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Fig. 14 Radial, circumferential, and longitudinal strain and strain rate curves of
left ventricular walls (left and right, respectively) using 2-dimensional speckle-

tracking imaging in a normal subject.

i, BEPROE, ESILE, RS, BRME) %43 % preclini-
cal ¥ %, TMFOE/AIZL Y28 (LW (E/A
= 1) LalFEFERE (E/A<D]) 108U, W3NS
BB I - iR OB L7252 5 .

PN BT, ol SR REAS IR AR AR IR T,
R 5 0o strain B £ Wstrain rate MK T35 00, i
WA B I O strain B £ Ostrain rate i3 kL, &R EL
THH O strain B L Wstrain rate (ZMFERICH B A%
Bohrotz. —J, WIRMIZBWTIL, WEREHIE
7 M O PLE TR strain rate DFHRETAALN LB 0
O, LEPGEIIZ BT 3, FRICE# 10O strain
rate DHER AN,

INHOMERIE, AZOMEREIIRDOLbOD, KE
DREE (stiffness) DMEKIZALNT, »OR Y FHEREA
FHENTwaTix, IEH B LIOIRE N owThics
WTH RO HE - MESRICEE SN, i
75 ) D BENE B IME P 7 1R A I L6 12 X D AEFRE S,
F 7 PR 0 /e SR A BE L B O R RIS K AR
BENBHZEERETS (Table 1). 22D speckle trac-

Table 1 Functional role of left ventricular myocardial
fibers for regulating the early impairment of left ventricular
contraction and relaxation.
1. Systolic function
decrease in longitudinal fiber shortening

!
compensatory increase in circumferential fiber
shortening

!

maintenance of radial thickening

2. Diastolic function

decreases in early diastolic lengthening in 3 directions
(particularly longitudinal direction)

!

compensatory increases in late diastolic lengthening
in 3 directions
(particularly longitudinal direction)

!

maintenance of left ventricular filling

king #2555 EHUE, RO/ OVAFRR N 7530
SIFONTAEREIZEAETFBR LW LB TE 5.
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Fig. 15 Apical and basal left ventricular rotation curves (top and
bottom, respectively) including 6 curves from 6 different segments using
2-dimensional speckle-tracking imaging in a normal subject.
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Fig. 16 Apical and basal left ventricular rotation curves (top and
bottom, respectively) including 6 curves from 6 different segments using
2-dimensional speckle-tracking imaging in a patient with pericardial
defect.
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Fig. 17 Sample recording of the motion velocity patterns
of the left ventricular posterior wall (PWV) and mitral annulus
of the PW site (MAV) by pulsed tissue Doppler imaging in
the apical long-axis view of the LV (left) , and PWV and MAV
patterns in a patient with LV systolic dysfunction (right).

The peak atrial systolic wall motion velocity (Aw) is greater in
the MAV than in the PWV.

T: transducer, LV: left ventricle, RV: right ventricle, LA:
left atrium, Ao: ascending aorta, Ew: peak early diastolic
wall motion velocity, ECG: electrocardiogram, PCG:
phonocardiogram.
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Fig. 18 Correlations between the peak second systolic
forward pulmonary venous flow velocity (PVS,) and the
preceding R-R interval in 3 patients with atrial fibrillation.
ISO-AF: a young patient with isolated atrial fibrillation, MI-
AF: a patient with myocardial infarction and atrial fibrillation,
DCM-AF: a patient with dilated cardiomyopathy and atrial
fibrillation.

IFIERICHRTREL, S 5ICPVS & 64T RR IS
DR A BEOIEMBEERT. ZohTh, ARIHEAE
BUZBWT GBI E W R 2RO 56, HoVIAE
® Frank-Starling #8223 AHTE L 7261 TlEE 0GR X
DANEZRY, JiD o MOESELE TRE S 5 BEEEE 72 5.

HIFE, isolated diastolic heart failure (XU AN 41 &[]
UL FBPARTH L EEZLNTSY. HEEKRICE
WCKEBT A, BIZIXWIE, BERmE, I &
JRIMAE (BTN EREAE) 7 & common disease |23
WT, HltTdiastolic heart failure % 73 HHEE I B LZ
0% LT TH5D. ZOXIRIHEBIIBWTIL, #HF, TMF
ZE/A<], ThbbilliRERIELZRTIENEL, Pk
< &3 diastolic heart failure % 3723 726121, Table 22
RYEIBRTBEHEL TN LI EDUHETHY, Frlm,
Lk, BIEREELRBER L5027,

LAL%DSS, TMFAE/A<1OIRFET, Nk diastolic
heart failurelZ% 522 T TAHI LI RHDOHKTH 5.
WAE, EREVARX, KEROMER, Ofstrain imaging %
12 X B OGN B L OB W strain rate, Bk
DBEAZOFPHEEE L LTEH ST 27—, O
B Lo BHRELRN) ET) Y 2R IETEHRA

106 ] Cardiol Jpn Ed Vol. 2 No. 2 2008

Table 2 Risk factors for isolated left ventricular diastolic
heart failure.

. advanced age
. female gender
. hypertension
. diabetes

1
2

3

4

5. obesity
6. dyslipidemia
7. arterial stiffness
8

. coronary artery disease

SNV %, pleiotropic effect D IFFT X % statin'® 12
LB R AL, ¥k diastolic heart failure ~OifEJE %
FHIETE Z0TREMEDSH D HIRE L 72w,

RIS, [HEEWIEAL ] LW IRERZIELLZHT57
DOFMUIOWT, REWREFZRRLTBLOTSHEIC
71 (Fig, 19).
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Fig. 19 Screening assessment for diastolic left ventricular function and filling pressures (quoted from

reference #103).

Two-dimensional and Doppler echocardiographic variables can be used to readily classify diastolic function.
*In general, high filling pressures should be confirmed with multiple parameters (that is, E/e’, E/Vp, A-dur
difference, response to Valsalva manoeuvre, tricuspid regurgitation velocity, etc).
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