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Pathophysiology and Diagnosis of Ventricular Diastolic Dysfunction

Yasunobu Hayabuchi

Department of Pediatrics, Tokushima University Hospital, Tokushima, Japan

Although many events in clinical pediatric cardiology require the evaluation of the pathophysiology of heart
failure, accurate measurement and evaluation of diastolic function, which is an important aspect of hemody-
namics, remain difficult. Ventricular diastolic function can be classified into early diastolic relaxation and late
diastolic stiffness. Early ventricular diastolic relaxation is affected by the viscoelastic and restorative forces of
the contracted myocardium (elastic recoil), myosin and actin inactivation of contraction (active relaxation),
and preload reflected in the atrial pressure. The increase in ventricular stiffness in late diastole is related to titin
isoforms and collagen production in myocardial interstitial tissues, and these factors also contribute to early
diastolic elastic recoil and restoring force. This review explains the importance of understanding the patho-
physiology and components of ventricular diastolic function using the concept of pressure phase plane and
pressure-volume loop, in addition to the evaluation of diastolic function by echocardiography.
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(A IRIBICH I ZEZEE, EEERE, EERALRESRLE. (B)OEMEICHEEEX S 3 ERTH S Active relaxation (Cross-
bridge deactivation), Restoring force (Elastic recoil), Lengthening (LA pressure, Preload) ZRLTW35. EEREHADMMEE
HICIEEZRAL EBDEREN, DBEIEICE >TABDPERENS. IBRRAICEEZEEDNEEEE TES LEBIEALEMKL, ERK
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ETEM & %%, Panel B modified from Nagueh SF, et al. [ref. 7] with permission.
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from Nagueh SF, et al. [ref. 7] with permission.
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> U VARV \vanv
An.nular 3 g U y Y U U
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Venous | 8 2|2, D
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Doppler | 2 5|/ Y\
V \J \J V)
Time, ms
LV Relaxation Normal Decreased Decreased Decreased Decreased
LV Compliance Normal Normal N N V4
LV Filling Pressure Normal Normal M LVEDP M Mean LAP MM Mean LAP
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Fig. 3 EZEHIEREE Grade &O0ITI—RERERE

EERBELFEDE Grade ILB T2 EERE, EREER, EERALR, SEAHIEEEE, MERROLTE, L£EiEE £Z2207
AT VR, EEFRmE, EEAM. Figure modified from Silbiger JJ [ref. 18] with permission.
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BOD, ERED EFLUTOSRBIEE{E/IX—2T
WEFEMRKELL ST SDE/ALLRKTTS. &
B, EREMNEEIC LA URME (2 —2 T,
Valsalva €152 A F T & E/A FLIZZ(E Liguy 1419,
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Elastic recoil & Active relaxation
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P(t)=(Po—P.)e """+ P, (1)
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ZEDNEEICHEZ5Z TOBH T EARENTY

3 24,25,27)
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plane (PPP) (&, 1.0JEAMATHEE/TANC 1 B9 %8
Weml, URe, PRz HIEIICHER % C Licik
W7D (Fig. 5A) . KD OWLZMMI T &,

dP/dt = (—1/tau)-P(t)+b (4)
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Fig. 5 Pressure phase plane (PPP) L ERTErAR (P-V loop) ITRENBtEERE
(A) PPPICHIFZERMILRBOBROEEE, —1/tau BRY. (B) PPPICHIFZERMRADERL Y ERHLTVLSEHS (X
BTRENTWLS) IE Restoring force ¢ Elastic recoil D5&EZRMY 5. (C) A D PPP ZRIEFICHIT Z2ERTHEER (P-V loop)
EDFEEDHICEIVDEDERHBRETRYT. Vo BOEDNIELIRS LTOWEWRETH S FERRERY. IREKRIIEHR
(ESV) H* Vo ISEWIRR Tl Elastic recoil B3 < (Z53 5N, (D) B OEFICH 2 ERMREIE (P-V loop) DD
EDOVRDEDEREEFRETY. ERIARE (ESV) B Vo &Y BIE[ETHZHE, Elastic recoill BMELCS. V() =ESV D& F(c

Restoring force D& XfE (MaxF) &7%%.
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DERMEVFRHDE M 3B 2 HERROE E IR E D
W ERDTENERTES., DFED, TOWEEHA
3 T &b 2 RERI TIEIRFEDNE L, HEDROHN &
JEBICIIRFEBDS R VT L &5, DX, B
SNTZDEERIE N D PPP AT % & ReE BN
HINCEERR L9 W, JEFIC K > T, T OHERED
ENICEINT %870 2469 % PPP 29 T e H %
(Fig. 5B) . COX S ICHEHZRIEREOE T
WSS 280, TV a AT OFRIC K% Active
relaxation 1 X % L FLL ISR E T T
%1857, D% b Elastic recoil I2 X 5.0FF Nz
LTWa ¥ 2K 7% PPPIC X B i, bk
HAIC T % Active relaxation & Elastic recoil & 7% IR
KR TESEE L TERTH 5.

Elastic recoil 2% U & & % Restoring force (305
FOAREZRTLERTDH 5 FlERE (Vo) &
AR AR (BSV) LDOEMNRKEWVIZEHEKRT 2
TEMEZOND 2D, FEHHFICOIEA T — T VR
AN 515 5 N % Pressure-Volume (P-V) loop |1
D ED A EE DV T EDEAFEBERZ RS &

Elastic recoil D EMN/RENS (Fig. 5C, D). #hik
RIIEEDIALIC I 2 18 2 13 Stiffness 2 KT %
TEEB T IUHAAR (ESV) AV EsAR
(Vo) &0 &/NELBBENE LTI, IHERIlcH
\J % 5 RIIIRANBR I & N7 MR h A9 B 1E M
(inertia) DFEHNREITBNB 0. KBRICERH S
N3 IMEZNHE S T ENTE ZEHIREDRE 7
oL, EEEEEPMBPICHELEGZ 2T L
TERWVD, FEEBORNZREL, MOz R
BIRAPHHE THERF I 5. I, IGEEZIHICH S
B2 S o TREIIRICEH & e ik IS E M 24 -
TV (Za— b roOEEE 1ERD. ZOEMENIC
& o TR INC MR 22 0 5 KEIIRMAIANE D &
N, MREUTERGEIGHEORE L 2D, IR
BT E 51N EL7%%% (end-systolic unloading).

bbb, WHEFRNOKBRMTEOEE DN ERED
end-systolic unloading 7% /T L C Elastic recoil D ¥
ICHGTBHEEALNTVS Y. COXSIBAA
ZALDRAL S B I O BEFRIERREICIN A TR
ROV TS5 T VAN IR EMRETH
%. TNSDOEREE MU AMBIENC K > T
IS B REIARBIAN A -0 B S NS i ERE) G
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M7 L, Elastic recoil LS. DF 0, EEEKH

RINIEH TH - T Elastic recoil DFE&D 5 N3 WOTEH Lt
TIREBENRIFEEE R0 KMmE 71y 7))~ J1K ot s X AR PR AR N B B % R EIR &
TOMEEL TSR H D, 580HS° S JLaE A 70, WEERDEINS 20, stigEEHAD Grade 1
DREFIC X - T Elastic recoil BMEMNT % &£ X2 5N%. (Fig. 3) CRAEZRIRARBITEE EFET, ifid >
A EE
H H
i i
e I
j/EDPVR
B 5@%@% Time (sec) EESHK
H H
i i
I I
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4—;:=—“/?WR
r'\

C R itiE Time (sec) pa—
NTT if
i H
4 il B to
Time (sec) EESE

Fig. 6 FEMiEICHFBEZRERA & ERHERIR
ER(A) ELBLT, MEBELGEL (B), MENEL 55 LABSHMEL 5B, IERBEEELLEL. DFY, BFRERE LT
D1 ERHEET, MAHEET, 5-omEELTUAEL. MEREICHA THERNES SN 3BEIcIEELMET 2RI EE Y
(C), B LD EDPVR DLEARDSND. TORRERFELMIE LIS

A B C
NS ivabradine %587 ivabradine #%&51%

s'tii'[! "', "

HR 104bpm HR 94bpm HR 55bpm

DcT 231msec DcT 223msec DcT 214msec
Overlap +201msec  Overlap +178msec  Overlap -124msec
LVDd 47mm LVDd 48mm LVDd 46mm

LVEF 39% LVEF 41% LVEF 46%

SV 27mL SV 31mL SV 54mL

CI 2.14L/min/m? CI 2.17L/min/m? CI 2.31L/min/m?

Fig. 7 4N ST UICKB ERE ABDA—IN\—5 v TEREIDIEREE OHE01EM
DAELBEICBITEZARBEA) ANTSIVFREFIB) BLXUTANTSIVRE%ZC)DEERANRETYT. ARBEANTSI VK
SfilE 0T I—BIEICKRELGELCERDSNGEVD, ANT I VERELIIGMBRDIETE ERE ABRDF—/IN\—5 v TEREERH
RSN, FiRIEA—N—5 v TEEETRLTWS. DcT IHEBFRIcKERE(LERSHED o, DcT, deceleration time; LVDd,
left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; HR, heart rate; SV, stroke volume. Figure
modified from Hori M, et al. [ref. 37] with permission.
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BOBROBEEOER. RTSAV VTl K YBRAGHEERDT7AY 7+—LH%ELCS. BRROEH21F> (FCT) h5MRAD N2B H
KUN2BAT7AY 7+ —LADYIERICLY HERDOHOZEHEEIIIBMNT 5. HERELOHEPRIKIREEETECTIER TS
AV THEAEICELRT 5. PKA & PKG O VEMLIZSFINGES ZRDEE, PKC DY VEMLIZEMELES. (D) DEOZHHE
BEDOFELGRAERFETRTERR. DH2ED Stiffness IZBIF 224 F L5 -7V OEMNLGEESETRT. R ORLTIEERHE
DIEX, BHEBRHEL, YIWIAATORENREZEHIS—TVOEMNNGEEFEHNKELES. DCM, dilated cardiomyopathy;
PEVK: Proline (P)-Glutamate (E)-Valine (V) -Lysin (K) -rich domain. Figure modified from LeWinter & Granzier [ref. 40] and

Linke WA & Hamdani [ref. 41] with permission.

BAECHEW S T OBBE TR L R, O
B, ERIGRAERZEE S, BRERICIERE
BB ENEERNEEABNS. LML, FOX
5 75t R T IS B W THIIRDMFE S % L IRR AR
D EANEDEND T ENHS (Fig. 6). sliRDIEELE
EBNRIC K 2 fe = FeimiRe ] D Fifig I & > T P-V loop
| T &, end-diastolic pressure-volume relationship
(EDPVR) »' 59 %. T O D EDPVR DZAL
130 Stiffness DEDZE T AL, AiF EoE
FTHB. TOXDHINEZ AR (incomplete
relaxation) & W5 %23 5 o JU 7 i R ) 0D o i 1
FERWAMIGE B E A WA E I % 2R 7,

COEWRE AFEDA—N\—F v TR OIE £ EH)
REPT1%&, OAEDOAFHRRZ THTHIY—A—¢&
BHTEMNREENTVS M, e, ANTSY
VCE o T ZEFEETERE ADOA —
IN—Fw TR Z B E & 5 T &I K > TRE et
ZYEHETE, DHAEEROHMIMMEONTERELDH S
(Fig. 7)*7. Jok, /NEBIERAIC L COHBhYE

<, DAEIERZEE T 25675 EIIHIRZFED T
Wz, TOXIITIREDBA TOIERWIET S0
DS, UL, PoeetiiRz I 2Nrs %751k
WEHNZ SN TEDST, N RY o R TREFICEHET
EDEXV T 1 OFIFEIRLOMALIT S OME T H
EEZLNS.

EDPVR (3LTEB IO Stiffness FAG O MY A et
EUT, ARZZEZTBEOIRAIO fh 5745 5 A
iR Td 5. EDP ZILEEARINAR, V Z/iLEILE
R, az R/, PEARIFHKIZETED Stiffness £7
fi L L7z & %12, EDPVR % EDP=a(efV—1)+Po IC
ERLTRDS 8, B3I — )V RAR R —Rix
Stiffness {12 CTH O, ZDMHEMAKEWVIZ ELEHHN
T Lmdh, REMICEZOEBIIIH LY. 5%,
FRANIC &IV & 115002 Stiffness DFGEEDRENT A
ENns.
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DED Stiffness 21 F

RZAFNE34350HO7 I BN SR B0 =
3816kDa DE KX >/ THB. YIVIAAT D Z 4
MEHRIETHOTIAT YT 2T AV Medflh
SEELTVA (Fig. 8A) . ZAFUI3/NID &K
2K T ETIERNZFREL, LA T OEMER
MiWTESZRET S & eI, [UHHEITIICIE Elas-
tic recoil ZFAE T THEPVMIEZAIGEICT S X S
WNTWB., £z, 2AF D7 AV T +— LI
BRIV N2B & £ Rk N2BA B¥H 0, ZDLER
DZAERV VR EIC K 0 HMEREEDZ L L, DI
% Stiffness AFAETE N2 4. BRUTHA, Hik REHIC
& FCT 7 A 7 #+ — L. (fetal cardiac titin isoform)
MHLTH D, FiEL & EI1C N2B - N2BA I &1k
LTw< (Fig. 8B). IE# b b /E= Tl N2BA/N2B
RIEH 0.6 TH O, EHHIAR—Y VT RWEEAROT
& N2BA/N2B [EAME R L, Stiffness A EAR LTV 3%
EMEEIN TS, —iRmICHERE S H % HEFpEF
JEGITld N2BA/N2B LLIZK R LTH D, HLRALL
JiE, FURBRFSHE(R NIE Tl N2BA/N2B [tA ER LT
W3 EDWMENDH S (Fig. 8C) Y, /-, HFpEF
BETREEELIEXRTOHTOaAT -7V EOH
mhd o, O Stiffness B R T B EEZ SN T
% B RIS BV TR XA F U DDED
Stiffness ZHE LTV 3D, AMAARAR, O
KBTI TT—7 UHADOED Stiffness, FEFEARLE
ZHET S (Fig. 8D) 04V,

=R
Li=] an

AT, OBEILEREOINEA I & kRS D2
WiREA B DWW TRFI L 7z, O ZEat#g &, Elastic
recoil * Active relaxation * Preload h 5K E 115.

DVEHLRFE E OJR R LI & AT EIRE - J12E e ER Y
% LT, WHEEREE, bz & Stiffness IC B9 % B
fRMEEE 5. FERICE/NE « e R OREERNC B
BILRAERII DO — AL ETH B, HiizmEXY
T OBFEREIERIE L, A HED RO O
UNEENS.

FEAR
AT OV THRSHIC T 2 HIHIZH D THA.
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