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Diastolic Dysfunction in Congenital Heart Disease:
Clinical Impact and Basic Evaluation

Satoshi Masutani and Hideaki Senzaki

Pediatric Cardiology, Saitama Medical Center Saitama Medical University, Saitama, Japan

Heart failure (HF) symptoms are induced by low cardiac output or congestion. Cardiac output is generally
maintained by a compensation mechanism, with the exception of shock cases, meaning most HF symptoms are
induced by congestion. Diastolic dysfunction or abnormal loading conditions are major causes of congestion in
patients with congenital heart disease (CHD). Pressure-volume relationships clearly demonstrate preload, after-
load, and cardiac systolic and diastolic function, as well as their relationships on a single plane. This information
would be particularly useful in analysis of pathophysiology, therapy selection, and prediction of therapeutic
effect for patients with CHD. Ejection fraction approximately represents systolic function, but no such single
index represents diastolic function. Furthermore, diastolic function parameters obtained by echocardiography
do not exactly reflect diastolic function. However, it is important to assess diastolic function despite these
difficulties. A systematic approach enables diastolic function assessment based on the understanding of three
important points: (1) pressure-volume relationship and filling dynamics; (2) relaxation and stiffness; and (3) the
relationship between non-invasive and invasive indices. This review summarized these factors in CHD and in
the pathophysiology of HF with preserved ejection fraction in children.
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Fig. 2 Representative Doppler and tissue Doppler
images showing the peak mitral inflow
velocity during early diastole (E) and late
diastole (A), peak mitral annular velocity
during early diastole (e’) and late diastole
(a’), and deceleration time (DT) of early
mitral inflow velocity on echocardiography

(a) Left ventricular pressure (LVP; black line) and
pulmonary capillary wedge pressure (PCWP; purple
line). PCWP was time-shifted to match the PCWP
and LVP at the end of long-term diastasis. (b) Mitral
inflow velocity by pulse-wave Doppler echocardi-
ography. (c) Tissue Doppler images of septal mitral
annulus. Reprinted with permission from Masutani
et al.” (modified).
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Fig. 3 Schematic presentation of pressure-volume loops
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(a) Normal. (b) Heart failure with preserved ejection fraction (HFpEF) (c) Heart failure with reduced ejection fraction

(HFrEF). See text for details.
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Fig. 4 Relaxation, minimum pressure, and filling
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(a) Left ventricular (LV) pressure decay and relaxation. Faster relaxation enables sufficient smaller LV minimum pressure,
which is important for normal LV filling. (b) Representative recordings from experimental animals of LV and left atrial
(LA) pressures, time derivative of LV volume (dV/dt), and long axis diameter (dD_4/dt) in normal control and severe heart
failure (HF). Mean LA pressure (dotted line), minimum LV pressure, and LV end-diastolic pressure were elevated in HF.
In HF, E was elevated, and e’ was decreased and delayed relative to control. Reprinted with permission from Masutani

etal.’”?
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Fig. 5 Left ventricular chamber stiffness (K)

LVP

LV stroke volume index

(a) The average K measured as the average slope of the diastolic pressure-volume trajectory. Compared with control,
after volume loading, minimal LV and diastolic pressures were elevated and stroke volume was increased, resulting in a
slight increase in K. After HF, K was increased. Reprinted with permission from Masutani et al.'? (b) Approximated left
ventricular chamber stiffness (K) (the slope of dashed line) can be calculated by the slope of the real line, which is the
ratio of the pressure increase during diastole to the stroke volume index.
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Fig. 6 End-diastolic pressure-volume (area) rela-
tionship
(a) End-diastolic pressure-volume (area) relation-
ship becomes steeper as the left ventricle becomes
stiffer, indicating higher end-diastolic pressure
is needed to dilate the left ventricle to a given
end-diastolic volume. (b) Pressure-area relation-
ship during abdominal compression in a patient
with heart failure and preserved ejection fraction.
This compression increased preload and greatly
increased end-diastolic pressure, showing a steep
end-diastolic pressure-area relationship and severe
diastolic dysfunction. Reprinted with permission
from Masutani et al.?’
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Table 1 Diastolic functional parameters during cardiac catheterization

Variables unit

(regular pressure measurement)

End-diastolic pressure mmHg

Pulmonary capillary wedge pressure mmHg
(accurate pressure measurement)

minimum pressure mmHg

Tau ms

-dp/dt min mmHg/s

Approximate chamber stiffness (K)

(simultaneous pressure-volume measurement)
Chamber stiffness (K)
B (with load manipulations)

mmHg/mL or mmHg/mLXxm?

mmHg/mL or mmHg/mLxm?
1/mL
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Fig. 7 Comparison of pressure measurements
using a pressure guidewire and saline-
filled catheter

(a) Analog recordings of the left ventricular pres-
sure waveform using a pressure guidewire (orange)
and a saline-filled catheter (black). The waveform
by saline-filled catheter (black) had unphysiologi-
cal fluctuations. (b) The pressure-area relationship
during inferior vena cava occlusion by pressure
measurements using a saline-filled catheter (left
panel) and a pressure guidewire (right panel),
demonstrating the usefulness of pressure measure-
ments using a pressure guidewire. Reprinted with
permission from Masutani et al.?’
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INRZ—2Z2IE U LT 50T 3 —FHli, DL
RFD AT —TIVEE TIFREDOREIC L & i %N’ﬂb\
2. Lieh->C, BT 23 5 s
JiEE UTHIRETE 2. 5%, /NS 7 —7 )VIE

ARNRBERSBSFRIME £32F F45

BN 07 2 JEES I rh O X 2 SE BTz B U TRt
L C validate U, stiffness b5 OHIWrEAEZ I S Mic
TERENDS.

DI O—IT & BI3EREETHE >

DIO—ENy Ry oA RTRIETE, MRI-CT -
UFE R UTECR D RREZ S % HiE 2 #

V—)VTCH 5. AFETIIOTI—IC X SHERERH D
FHARICOEFIR LTz, 3Ff§§ﬂ'ﬁﬁ§f‘bi§%@r[ﬁ
WME L, FEEE L BMTOATR & U T OREHETOHN
WOBRRZHR LTS, DT O—5EE, E.{f@@j)@’
MNEWVSIHRER2—1k, HE N FEEE LTS
DTHY, DEEZDE DT ARV, HREXRH L
DT O—5EED BOKEREZ 5 U 5 7o 1Cid, Buniselt
TR URROARATH . ZHUCK D, LTad—
EIEZIELL, ABRICIENT TN TES. /NET
WWHIRNVD RN 28, HIRDEERRAICHIT 0T
O—IC KX A HERAERN 2 £ 3B L, IT/NRORIA
ZE LD,

{EEFRANEZ—VDEEXR (A

gt & stiffness & WD HRIREEDZILICIS U T, K&
R ABEENZALT % 122 (Fig. 8) T &b, fH
TEFPIRA S 2 — I K B HLaRAE D IR BR AR DN T

Diastolic dysfunction

(a) (b) (©) (d)
normal impaired peudo restrictive
relaxation -normal
pattern

E
A
Mitral inflow pattern /\j\ /\ /\
P/\ /\ A
DT

E/A
1

DT

LAV, LAP, E/e’
EDP, stiffness

/)

Fig. 8 Schematic tendencies of changes of dia-
stolic functional indices as diastolic dys-
function progresses

See text for details. LAV: left atrial volume; LAP:
left atrial pressure; EDP: end-diastolic pressure.
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bNTER ™. BHRME NI DA IR
WA S 2 — 12 & B A AV L VIR > 1940 S
% LIRS 20BN D B DY, BUETHLHEA
EBRBERTITHS. HRMDELT ZICHE, 4DD
EYRE, (B, sEREE/ SZ—, EEAL, fRE o
INZ—= 1% (Fig. 8). 1IEH CIXRHIRAN E
B, OB A KK D &, HERREE O RAD
ERpE L LT imEH I NS &, EER/NEDNAL—
RIE TR, IRBHOMAIMKITT 2450, E<
A L%, EOICHREENES &, fEEEDN LA
L, HMADNHCESA LR, E>A LR (sE
k) .

DT 3 — OFEGRFHAEIE I EE E I D T RERE
DI, deceleration time (DT) &, chamber stiff-
ness(K) & OB Z/RT T EAHBNT NS, N
DETEFEIRAC K > TIRMEDNEZIC EA L
NIV, RERANZIRICKD B2, DT AV
{7%%%. ROILREEMES &, E/A NS HICKE
<, DTA/NEL&RD, restrictive filling pattern 2 &
72 220 EREA SOOI A EAVE KOOI,
PLERIRINC fe b UG U C & fe s BEC & o
7eDICN BEMATET, MiERICHRS 5728 T
H5.

T DX ST E/A X DT 3Lk E O EkicDh
TEMA b zR"d (Fig. 8). IEHD SILREE D
HET ZICHEV, DTIEWV > AMEE L (impaired
relaxation), Z D% % 5. E/A LidW-> T AKX
TLT, ZOBRKELES. ZD, HERXRMER
ZYT S, mWE/AL, DT, HigkiRige e @
IR AIIED A IO RZEN AT Y, EHo
restrictive filling pattern T b, LR stiffness AV
WRERIZE V. RERTHESOMIBATIA SR —
V&, LELWE/ADEL, DTHEL, Hlehd
restrictive filling D & 5 i 2RY 2. LAt >
THEEFPIRA X — 2 T2 K B HLIRAED H] T3 fE ke
TH 5. FEROEEEEL E DRI A,
MK B 7 Z OHLR R HEIE iR e’ 75 E D fthD s
RIS 220V, AfiZZZ THRASA—2 D
ZleeHhbl LIiIck>T, IEHWEBIERF{Lz#NTE
5.

HTEROZ( L TEIEFFIRA 32— D2 T 5515,
ZOERNDBHEICIL 5. BIAIE IV IV NEIC K D Fi
Bz &85 &, TASZ— VB EE ) FHIC
ZMtT BT eMHB. E>ADWEENS, /LTI
FEIC K 0algRE A2 —> (E<A) KN, &k
BIHBIER L T %Y (Fig. 8). 5 LiZ kh

5E0MNBED, MEEFRASZ— 3 EMSRAITE
17U, DfilEEOWE L UTOMBARILRAED A7z H
TVBDITTREV. — 5 THEIBRRA NZ =,
RMEZ T ZATNEDIFTERV. ZDOZ elE, K
DENYFERT, restrictive pattern Z /R 3 DAL & [H
DA 2 A m B K OER L TE, OAE
LRIANE—VDREZ P e b ERBEND
(DALTE DT AL, e AVhE ENS »19).

HEE N 7S, ZOMDIEE (BRA)

DA CC0REBIIZIEE N Wiz, HiE
FrlFRR OB EHE X, AZEOETmOREOZ b
W2 XS, LR R EMYT I & DA < SEA
Bh R el ld, shEEOEREI Y, BRI L
TW< (Fig. 8) 7z&, RO E EN5. HERT
<8cm/s, IBET<10cm/s MMEME T, HLEEMREEZR
B3 Y. MR T T, RITLDOMER ST ST
&, {EETITHEOME T E T a—— LOM LR
fitic < v &, HRITIREZEDOREND DI1SS T
E, Vo TRREND AN, EEL « mRERICEHRIATEE
THO, BUETIIEHEREEH & WA 5.

R ME T T 5 & (i, HEL xS &), fE
REER3ERE L (Fig. 4a), e 13K T~9 5% (Fig. 8).
EZRMAWIE EDZ{LLAGLES &, LB
JED FFICED Ele' D ERT BT M5, Ele' H7Ei
AR E LA IEE NS KDk > 7z (Fig. 8).
8 Al EH, 15 2R % LRt FRZRE L, Z
ORI E Eh3 V. LA LZEDE, Ele' D7
W E 2 S LIS S VIR & £ & HICHIE S Y,
RITCIX B 6 SEFNAICE EDBERZLEZ NS
ICE o T, — A TERAR FHHEMNIEEREET
(>34mL/m> THAY), Thet BEICHBET % ¥
oo, IEHEEBEHIND XS IE>TER. HROB
WEZEIZ 7775 suction DMl < 7z fEFEFEMMEL, —
JiTC, HEIEOENEZR X suction DMENT, LEH L
WEMLUADB XS ICHAZE S oI EEENE
Vo ZNEEKMT Z2ONEERETHS. 1217 L,
IR T 5 L TICHHEZEL, ERENTN-T
LERAWKWBNESL BZERVWEVSIFEAH B 120,
EARYIMOMIEEE L LTHI NE T AN Y.
Pl ERAIRIE R S 2 — IE RN TR L a—Ic &
LMD AT LERE TRV, JLEREDNES &
DEIEH O IR\ ORI NEL, h<&%C
EOHRIZNETH 5. WETRER S, AiFkIRIE
EEERFRAMIE O A ORI 2 2L, AT
30ms UL EZEH L HKT B V. ARw L Sy

© 2016 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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F 2 TIEIC & B HLIRAERHE T &, Global longitudinal
strain rate®® HERSKROERSHOFNE 0T H
(strain) DZLEREEXT. ZOHERHOE— 7 H
W, HF o0 IcHIGT 21 THS. TN
e'Ltl, KEEARZX0UREL, AKFEEDORE
Wa<, RFLFHOMKEEEZ TS ENTES
KU, iR & AT S PRRAETREE & L CTHIfF SN 5.
ARy T 8T F U THRIIILEDDDH Y, WFF
ENBLEITH AN, EERINCHENL X NI HLiRRERS
FEE LT RICHEIRENAICIEE > TR, 5k
% A—F—RDME Y D& SBROMENIE N
5. FKBRBEFEEFE, e MtEsmEoRRE & %57
&, ZRIPWFRFAM > =Rl B R A OMIE £ —ik
(75 R PRIRRERHEIEE & LT3 B hTWwa V.
TOXIIC, BRHREFOERICKLST, LTa—
I X B YEARARERHMNE, H—DEETRRNETHS. K
J&E « BHARTL - thOMERT RIThn A, BREeE 2 7
L 1C, [HERMRARE, MR TS, ERAM,
HiEIRILIR I 7% £ Z A G bR, MEmICHlTd N

(a) T,
R=-0.42 P<0.0005
30
L]
25 L4
I
% 20 % on ¢
E o2 e®s %o o
° ?‘ ¢ [
15 . @ o °
L]
L]
10 T
0 5 10 15
e'sep (cm/s)

(¢)  EDP(mmHg) R=0.48, P<0.0005

20
° [ ]
[ ]
15 - b
10 -
5 -
0 T T 1
0 10 20 30

E/e'
Fig. 9
patients with heart disease

WFIELWRRICDRIF 5T LN TES.

INR

ZNTII/NRTIEE S . NI M O ED K
NERZ D729, MADHRZZOEFHNSC LI
TERV. Ta—EREOREBIMEIC X B MELIRS
NTW3. e LiliRhiE B OBIfRIL, zero-asymptote
DWFE R IO T RE RIS B 0 9, K
F & DETEZYICT v b9 % nonzero asymp-
tote, logistic model OBHHAERFEEAZ IV TR L7z 7
(Fig. 92). Efe’' LILHAMIT OBIGRIE, BAts 7,
HBVIEE T EALREBEE THENHR SN
o fcl s gL, VSDEETHENA LN
723 LOWENDH Y, BLIZEESE A NRLEER
BHEENGE (N=61) I, DA T—TIVREICEK S
REEIN T & DT O — DRFFHINC X W R L7z 7
(Fig. 90). KA DFERTIE, e LilfRRIEL, DT &
chamber stiffness(K), E/e’ & #LiEAIAIEDMICIE,
WINEFOHBENA S NTcE DD, E5DENKE

(b) chamber stiffness (K)

(mmHg/ml x m?)

4 4 R=-0.32, P<0.05

Relationship between echocardiographic and invasive parameters of diastolic function in pediatric

Significant but weak correlations were observed (a) between e’ and 7 in the logistic model, (b) between left ventricu-
lar chamber stiffness (K) and deceleration time (DT), and between LV EDP and E/e’. Reprinted with permission from

Masutani et al.” (modified).

BRNRBRSBFSME £32F F45
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Molz (Fig. 9). Gl#ERFER, HARAMIED 90 78—
Y2 ANz, Ele'hoMtiT 2RREIZZTNEN
0.83, 093 LETETRIFTH 7. LEH-T,
DI I—OILRREFEFENIH S iz BE M TH UL R
DIFEZEES M, BHETHEODNS &V o THFIRS
ETERY, EWSWADNEHENTHAS DN
5. WANFRE, AR 4 OFFEED BT DL REEE ORI
EINEET, O3 —DISOREEHRE Ik U 7z 8 S
ETHD. IHITNEOMTE, Emhng 51
eV, e l3EmL, Eeldmdd s> b, i
MO EETHS.
EEARBITRATEEEZ VWS XD, 1B
FEREN ERUMREARTNS L EN, JHERE
O HbAlIclZfilz 505 ¥, L LEERTIE, KA
Tstiff A% L7 5 < 1E compliant TH % f£fE
DA GDLEICKD, EFEAMIEIRERFICKS
BRAR 2RI KIS 3 % 8, MiAaRZLo
IR L CRMANREE B A DNA A THRAL
5. KEERKIRELEDN EEIEROERITHEHETNT
T, BIBRAMDOBRDAETH O, ME— FHIE
FBICK O RESMEBEDEZ>TLE S BEELH
%W ERKBIRE X D & ERARNEDH D
B K OKIT BT EARBEN Y, BIES R
FUC K D HRHiih TdH % (PLASE W70).

FERMEDREICHIT BIREEDESR

FXRMEOREICH VT B HGREE RO R
BRI R OB TR, S XEHAAM - Hie
DEEDND %, LEHRIABD X 5 BRI ORET
W&, BN & O FEREDS EAR U, D LRRE
WELTBlliS oifizEed BB (At
DA . FEEDTOCRIEVLAI TS T, BiEHH
RN X OH BN OILRAMEARBEGROL 71217 <
HTHB (Fig.6). —J7, JERMLRETERENZ
B2 TEH, F120%MRICDRRIERE Eleg 29,
FeRMEDIRE T LN, piEmAEIE(EE N
ICEBED 5T S S M4 U B ERD 1 DAV =YL
SERETH S Y. SRR OIRAEEEIC DV T
b, e AMZD T, T U TS %08 EARE
rO#EZJ7 (Figs. 1, 3) A%, BUKILHE, AHGER, %)
RFPWCEETHS. LUF, KRaL CTHRANTE TN
ZHEZ, N FYA FTOEANZEETOEAD
Bl CTHB.
L. WoTwah (5-o1M?, LHEET?,
HX#?, BNP?)

2. HEE (ERARIASA) CERHR (—RHaHE -
INHEATA D) — E A B R ORI O PE

3. FEIE EUGHEARB ) - HEARE R OMED
PoE—> R/ CRRATRE~> R AR (Ea fEdE)

4. PRABEEE D, AR (512, Ele'F
g, KEEIEKR?, MERR A ERESEN?, E/A
& short DT ?)

5. R (FIREEDE) OMEEHZ IS S mEZ RIEK
EVh (Bes #EE)

O LEEEBRRBICKD, BXZOEARN—T%
HEETE, FEREER - G TN EETDH 5.

D77 T — 7 VAR THRRA A 2 51l T & 1,
HEERHEEIC K 2 LR AR E O LA (EEHEEIC K D
PLIEAMIED 20mmHg 22 % X 5 50 5 07 it
W) D, stiffness DEKZHETE, ILEAAILEA
BRI DOV TORKBEEOND. EEORKEEMNIE
HWHAVNE L, BRERDMRIENTO 2082 T, MEZE
W KEL (Bes @lZRS), 5 ->MHH57E51E
(BEnEARIAE Efl 2 ), HhoRREAE SRR fR & 2
ThHhHTEENBREHEEINS.

FERMEDIRIETIE, DNBERIC X D REREDIHR
L, EZEWMAMRNZEIT 5. EEHN/NE - ERL
TWVBEEDTTROMERENH 5 &, FKERAMIK
HEANTH U, RIS H TR ERAN OB NI M S B0
BIND %. Bl ZIXEENTD L ENNE W EIC D
%, Fallot PUBHIE 2 ORISR S HE, O
SRARSE 1740 T %, KBIIRKEAS - BEWTC I3RS
MEDRERD 1 DTH O, fiviik 0O AL ER
Thb. INHOHEEO—EHTE, Mgz EE
T%, /ML HFpEF &SR E PO Z LWWEERZ &
7= L18% Y. /i HEpEF (3, —i&iiDEEEAH
DT, PEEARMARIIARE <KL, S oMEilEZH)
BERLRTV?Y. DLOLRAMELT, H5VE
Wini7s & OEEIZ LIS U TIEZENRE N EN S
R, WHEART S A 2 > X Ees £ FATHIIRT & A
2V A Ba DR EL, IR LE & IS D & &I
(Fig. 3b) T &ZERET 5. HKRFTERND, 1~50D7
Ot ATEEL, (Fig. 3b) DX 5 ERBXZDERM
MRzt Tt 5. 20X momERE (O=EIE
W-mEE ) T, AmAICN U T EZBIK
EVT LN, DEMERGHEGBISHETES. &5
/N HFpEF T, SRR ISR, B
DK FLIOAREZ EFEGEZREZNEDD, cham-
ber stiffness K I FKEIC &< 2, AiEfiAD LiiZic
5% ERBICFMED EFH U TS oMz &7/29 (Fig.
6b). T DB E - OB LR 72 1A

© 2016 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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Bl TR B T ik D, RERIGIEDT
TE%. FIZERIREIC K DBARD IS &, Ik
EARBEME R LTS > mAekEd % & FIREC, 1
JEERESTHB ETHEENS (Fig. 3b). 7272 L/
W HFpEF JEBNE L= « 7V VX T vy VRD T
LT3 ? o, DEOMREAORIGITELS, A
BB CIE HLIY 2 H ORI PREEZ L LT e, SO
I, BHIEREE THUKEMICHEW R, RO RE
DT, FIRMEZLRZTENHD, EEEET
%. BHER - Bk X o mOhOEIRIEME R L, &
WHLDFIRIEIC & D BUL L TO B ESR 7 D —X
KRBT B0 LNGEW. 7T IF Ty v
BERFHFEIE, TUEL VB L=y - TV TV
VRV ISHHIL, DRI MEREORED 5%
AROBAE NS K VEERRNTEZ E7ZLPTVE
FHEEINS. #HHTSELTHDENSDEEREGHN
LRTHD. WHETE (Bes) ZHIINEE 2O,
ERICHE L TEWEmOME? & 51 LR EE%
TAYw ~E, —mEiaHREEm LI <V, SERAE
FKFLICK L, S-oMoBESELUCLVENS
ZULOVHRDTRIE NS, DZUGE- M8 -0 IRk
Witz 29 % /N HFpEF Tld, TOXH1IcH o1
W<, RIME S & 72 X780 208 7 g e VP 72
b, HEESEHENMIETHS.

T 9 U7z HFpEF D.LE ARG Z FWT2iG# K
JEPEF R (Fig. 3b) &, $RSRALOIRED & S 75K H
ROKT LoD FA%E (HFEF) &ldKELHES.
HFrEF TIXB AR EWD, IEN: Ees &KW 28,
HTAMRZIRCTE, MIEOEFHIZEPNTHS (Fig.
30). —/TC, HERARMORA ¥ MIERRBEGROH
FIZH T, HRARIERBEGRO 2RI DD
FIPRIRIC X 0 R 2K U5 T LI X O HEARED
ARG L S > MOWEDAFTE S (Fig. 30).
MEMLREIC KO BARZMC S &, MENRHED
KRS, —EHEEENRE NS 5729, M
BHIREN K O ZETHME RIAD S, & SICImEL
BRI K O BIREMDIER T NE, AR OMK T
Mo, EEIGREEOK NG 6 &h (=
BD, AEEARENRZEOHFAICH . TDOXS A
HREMN G T2 592 & U A 7Y, HFpEF & HFrEF
TIRRELEED T LD EARBIRIAEIC K > TR
L9 0. EARBEGROEMGHT LEHERL, 1
~5 D7 vt X TIHFENICTF S NIz BRSO O
EZNUL, EARBG L THIROIEERIR L ibg s
PETFRMNTDCATRETH %.

BRNRBRSBFSME £32F F45

IR HFpEF s s 7%

JRAD HFpEF IC BT, B9 % EifiEDRIE
LOWHBINDERIHZD, IERAEA KRR E I
ZHENT LT HRE I RV, F O T4 HEEF & [H)%
&EEN5B. /NEHFpEF &, RS NTEFEOMETT
& %M, HFEF & Higd 2 L EHOEmTiRidE<
5L ?, MALIZZDETE %, /N HFpEF I3,
HE - REMERHYOEREN DA T, FHFIT/hE W
LW BN 512, L LEDRIE, FREMICHE
IKDEBENT L ZIERINZ V. Wit DFEEN I
e, REREBOSE, FIEOmEEEBIC, HLL
PEHERANBEIS L T D TRV EHERIE NS, &
Wnd5 2 R & U7z N HFpEF Tid, RRFIIC aging
process % 72 £ 5 7%, /N HFpEF TIRERE &1 9 ik
NI EN T AWM FHOHIEIC DR > T —
DOERKEEZSNS. WA L/NE TR LS M ER L
DIRFEEL S W, HEMNKE L, /N HFpEF O 251
MHSMICE> Tz ldWVZ RV, 5%, Ziak TREfl
Bzt U feni 5 RGeS 2170, /NJE HFpEF DGR
G EBITHHOMT LTV RENDH S.

ERIREESHEDRE & ERN DR F

CNFE TITBRT E T ILREEREE, L DAMS
fEofM, EBENOFERZ /MR T 5. HIZIXZED
DEUKEFRINHNE, DENE (B2 WIHIEHES
R L BTSN 5. DIEDE L 755 UGN
JERD XS TRETE, SWILERIAITE 7%, R
PR EBEN TR OEZYIBT % 729, L%
L LTLELAH D 5 % . LRk EDERIC
&, EZROHEFTEL, T35 LDV OERE Z ik
T R20END D, EHICERIFHE L OERE - O
f - WEFZHELTED, B0 2L 2T
% (A ¥, LH ORI A 6 mmHg
A DL, WRMTEDR 38% X FEENN S D%
LEND Y. ERISEARNIE AR IR AR O
B 2530102, Fallot PUBE = FRHH O 45 = b KD
EZBEICKRETEENRENC EARE SN T
% 20 itk ORISR AT & B IERMORE
b, PEEREEICEL LES Y. XS ICEEILE
Mo %, EREOBWIZEHIZT R TV TEARTS
THb, EENEHHOEML CRIESZHS MY
BEND B, JEAEOEN - K G FHE D L THHERIA
PHIIR & SR TR ZITV, FHEEM 21T 58 0 3R UAYVE
BET - DARREBO YRRV FEfbNS.
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WEROMCHEA Tz L CHisREE Z2fE@hillt Tt b, <
NZENORBEEN AN, EEIRZED XS
ﬂﬁbfw<# RES %k%éﬂt D U (e

. ARFEAEGE X NN AL IRAERTAT O E ARG O 2
Iiktrhbiﬁb‘“éééé.

FlEEER
ARFITDNT, BRI NEFIEH (COD E7&R0.

51 RSk

1) McMurray JJ, Adamopoulos S, Anker SD, et al: ESC Com-
mittee for Practice Guidelines: ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure
2012: The Task Force for the Diagnosis and Treatment of
Acute and Chronic Heart Failure 2012 of the European
Society of Cardiology. Developed in collaboration with
the Heart Failure Association (HFA) of the ESC. Eur
Heart ] 2012; 33: 1787-1847

2) Masutani S, Saiki H, Kurishima C, et al: Heart failure with
preserved ejection fraction in children. Circ J 2013; 77:
2375-2382

3) WAL, SEiEFEI L NRIEER R BRI 51 B B A B
ZORME  [EAERBGRD b R miTHEOMR. H/NKR
TBRER RS 20115 27: 76-87

4) Suga H: Paul Dudley White International Lecture: Car-
diac performance as viewed through the pressure-volume
window. Jpn Heart ] 1994; 35: 263-280

5) %W%777, WAL, FARBM, &0

BEEDE 27 LidiDaEE. HANIR S
120: 693-706

6) Masutani S, Senzaki H: Assessment of ventricular func-
tion using the pressure-volume relationship in Senzaki H,
Yasukochi S (eds): Congenital Heart Disease: Morpholog-
ical and Functional Assessment. Tokyo, Springer Japan,
2015, pp 97-126

7) Masutani S, Saiki H, Kurishima C, et al: Assessment of
ventricular relaxation and stiffness using early diastolic
mitral annular and inflow velocities in pediatric patients
with heart disease. Heart Vessels 2013; 29: 825-833

8) Redfield MM, Jacobsen SJ, Burnett JC Jr., et al: Burden
of systolic and diastolic ventricular dysfunction in the
community: Appreciating the scope of the heart failure
epidemic. JAMA 2003; 289: 194-202

9) Little WC: Hypertension, heart failure, and ejection frac-
tion. Circulation 2008; 118: 2223-2224

10) Senzaki H, Kass DA: Analysis of isovolumic relaxation in
failing hearts by monoexponential time constants overes-
timates lusitropic change and load-dependence: Mecha-
nisms and advantages of alternative logistic fit. Circ Heart

uL\Tﬁ}
MEGE 2016;

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Fail 2010; 3: 268-276
Cheng CP, Igarashi Y, Little WC: Mechanism of aug-
mented rate of left ventricular filling during exercise. Circ
Res 1992; 70: 9-19
Masutani S, Little WC, Hasegawa H, et al: Restrictive left
ventricular filling pattern does not result from increased
left atrial pressure alone. Circulation 2008; 117: 1550-
1554
Ohno M, Cheng CP, Little WC: Mechanism of altered pat-
terns of left ventricular filling during the development of
congestive heart failure. Circulation 1994; 89: 2241-2250
Little WC, Ohno M, Kitzman DW, et al: Determination of
left ventricular chamber stiffness from the time for decel-
eration of early left ventricular filling. Circulation 1995;
92:1933-1939
Zile MR, Baicu CF, Gaasch WH: Diastolic heart failure-
abnormalities in active relaxation and passive stiffness of
the left ventricle. N Engl ] Med 2004; 350: 1953-1959
Kawaguchi M, Hay I, Fetics B, et al: Combined ventric-
ular systolic and arterial stiffening in patients with heart
failure and preserved ejection fraction: Implications for
systolic and diastolic reserve limitations. Circulation
2003; 107: 714-720
Kurishima C, Inuzuka R, Kuwata S, et al: Influence of left
ventricular stiffness on hemodynamics in patients with
untreated atrial septal defects. Circ ] 2015; 79: 1823-1827
Hasegawa H, Little WC, Ohno M, et al: Diastolic mitral
annular velocity during the development of heart failure.
J Am Coll Cardiol 2003; 41: 1590-1597
Applegate R]: Load dependence of left ventricular dia-
stolic pressure-volume relations during short-term coro-
nary artery occlusion. Circulation 1991; 83: 661-673
Oh JK, Hatle L, Tajik AJ, et al: Diastolic heart failure can
be diagnosed by comprehensive two-dimensional and
Doppler echocardiography. ] Am Coll Cardiol 2006; 47:
500-506
Senzaki H, Chen CH, Masutani S, et al: Assessment of
cardiovascular dynamics by pressure-area relations in
pediatric patients with congenital heart disease. ] Thorac
Cardiovasc Surg 2001; 122: 535-547
Yamanaka T, Onishi K, Tanabe M, et al: Force- and relax-
ation-frequency relations in patients with diastolic heart
failure. Am Heart ] 2006; 152: 966 €961-967
Saiki H, Sugimoto M, Kuwata S, et al: Novel mechanisms
for cerebral blood flow regulation in patients with con-
genital heart disease. Am Heart J 2016; 172: 152-159
Dokainish H, Nguyen JS, Bobek J, et al: Assessment of
the American Society of Echocardiography-European
Association of Echocardiography guidelines for diastolic
function in patients with depressed ejection fraction: An
echocardiographic and invasive haemodynamic study.
Eur J Echocardiogr 2011; 12: 857-864
Nishimura RA, Tajik AJ: Evaluation of diastolic filling of
left ventricle in health and disease: Doppler echocardiog-
raphy is the clinician’s Rosetta Stone. ] Am Coll Cardiol
1997; 30: 8-18
Trefe v 0 DOBSRERTHE D& Z )5 & HE® /7] JDFERERT A
ERIER (NfERE, H55ERE). Med Technol 2005; Hi
it 7-23
A - DO R EER O RATEI] HFpEF BRH=HR DR
TENTo ORI 22 LR 2 E A 5. Cardiovasc
Contemp 2015; 4: 14-19

© 2016 Japanese Society of Pediatric Cardiology and Cardiac Surgery


http://dx.doi.org/10.1093/eurheartj/ehs104
http://dx.doi.org/10.1093/eurheartj/ehs104
http://dx.doi.org/10.1093/eurheartj/ehs104
http://dx.doi.org/10.1093/eurheartj/ehs104
http://dx.doi.org/10.1093/eurheartj/ehs104
http://dx.doi.org/10.1093/eurheartj/ehs104
http://dx.doi.org/10.1093/eurheartj/ehs104
http://dx.doi.org/10.1093/eurheartj/ehs104
http://dx.doi.org/10.1253/circj.CJ-12-1271
http://dx.doi.org/10.1253/circj.CJ-12-1271
http://dx.doi.org/10.1253/circj.CJ-12-1271
http://dx.doi.org/10.1536/ihj.35.263
http://dx.doi.org/10.1536/ihj.35.263
http://dx.doi.org/10.1536/ihj.35.263
http://dx.doi.org/10.1007/s00380-013-0422-2
http://dx.doi.org/10.1007/s00380-013-0422-2
http://dx.doi.org/10.1007/s00380-013-0422-2
http://dx.doi.org/10.1007/s00380-013-0422-2
http://dx.doi.org/10.1001/jama.289.2.194
http://dx.doi.org/10.1001/jama.289.2.194
http://dx.doi.org/10.1001/jama.289.2.194
http://dx.doi.org/10.1001/jama.289.2.194
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.819318
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.819318
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.865592
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.865592
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.865592
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.865592
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.865592
http://dx.doi.org/10.1161/01.RES.70.1.9
http://dx.doi.org/10.1161/01.RES.70.1.9
http://dx.doi.org/10.1161/01.RES.70.1.9
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.730564
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.730564
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.730564
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.730564
http://dx.doi.org/10.1161/01.CIR.89.5.2241
http://dx.doi.org/10.1161/01.CIR.89.5.2241
http://dx.doi.org/10.1161/01.CIR.89.5.2241
http://dx.doi.org/10.1161/01.CIR.92.7.1933
http://dx.doi.org/10.1161/01.CIR.92.7.1933
http://dx.doi.org/10.1161/01.CIR.92.7.1933
http://dx.doi.org/10.1161/01.CIR.92.7.1933
http://dx.doi.org/10.1056/NEJMoa032566
http://dx.doi.org/10.1056/NEJMoa032566
http://dx.doi.org/10.1056/NEJMoa032566
http://dx.doi.org/10.1161/01.CIR.0000048123.22359.A0
http://dx.doi.org/10.1161/01.CIR.0000048123.22359.A0
http://dx.doi.org/10.1161/01.CIR.0000048123.22359.A0
http://dx.doi.org/10.1161/01.CIR.0000048123.22359.A0
http://dx.doi.org/10.1161/01.CIR.0000048123.22359.A0
http://dx.doi.org/10.1253/circj.CJ-14-1351
http://dx.doi.org/10.1253/circj.CJ-14-1351
http://dx.doi.org/10.1253/circj.CJ-14-1351
http://dx.doi.org/10.1016/S0735-1097(03)00260-2
http://dx.doi.org/10.1016/S0735-1097(03)00260-2
http://dx.doi.org/10.1016/S0735-1097(03)00260-2
http://dx.doi.org/10.1161/01.CIR.83.2.661
http://dx.doi.org/10.1161/01.CIR.83.2.661
http://dx.doi.org/10.1161/01.CIR.83.2.661
http://dx.doi.org/10.1016/j.jacc.2005.09.032
http://dx.doi.org/10.1016/j.jacc.2005.09.032
http://dx.doi.org/10.1016/j.jacc.2005.09.032
http://dx.doi.org/10.1016/j.jacc.2005.09.032
http://dx.doi.org/10.1067/mtc.2001.115424
http://dx.doi.org/10.1067/mtc.2001.115424
http://dx.doi.org/10.1067/mtc.2001.115424
http://dx.doi.org/10.1067/mtc.2001.115424
http://dx.doi.org/10.1016/j.ahj.2015.11.009
http://dx.doi.org/10.1016/j.ahj.2015.11.009
http://dx.doi.org/10.1016/j.ahj.2015.11.009
http://dx.doi.org/10.1093/ejechocard/jer157
http://dx.doi.org/10.1093/ejechocard/jer157
http://dx.doi.org/10.1093/ejechocard/jer157
http://dx.doi.org/10.1093/ejechocard/jer157
http://dx.doi.org/10.1093/ejechocard/jer157
http://dx.doi.org/10.1093/ejechocard/jer157
http://dx.doi.org/10.1016/S0735-1097(97)00144-7
http://dx.doi.org/10.1016/S0735-1097(97)00144-7
http://dx.doi.org/10.1016/S0735-1097(97)00144-7
http://dx.doi.org/10.1016/S0735-1097(97)00144-7

290

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

BRNRBERSBF M

Flachskampf FA, Biering-Serensen T, Solomon SD, et
al: Cardiac imaging to evaluate left ventricular diastolic
function. JACC Cardiovasc Imaging 2015; 8: 1071-1093
Schirmer H, Lunde P, Rasmussen K: Mitral flow derived
Doppler indices of left ventricular diastolic function in a
general population: The Tromso study. Eur Heart J 2000;
21:1376-1386

Hurrell DG, Nishimura RA, Ilstrup DM, et al: Utility of
preload alteration in assessment of left ventricular filling
pressure by Doppler echocardiography: A simultaneous
catheterization and Doppler echocardiographic study. J
Am Coll Cardiol 1997; 30: 459-467

Mullens W, Borowski AG, Curtin RJ, et al: Tissue Doppler
imaging in the estimation of intracardiac filling pressure
in decompensated patients with advanced systolic heart
failure. Circulation 2009; 119: 62-70

Toyoshima K, Masutani S, Senzaki H, et al: Left atrial
volume is superior to the ratio of the left atrium to aorta
diameter for assessment of the severity of patent ductus
arteriosus in extremely low birth weight infants. Circ J
2014; 78:1701-1709

Moller JE, Hillis GS, Oh JK, et al: Left atrial volume: A
powerful predictor of survival after acute myocardial
infarction. Circulation 2003; 107: 2207-2212

Oh JK, Park SJ, Nagueh SF: Established and novel clinical
applications of diastolic function assessment by echocar-
diography. Circ Cardiovasc Imaging 2011; 4: 444-455
Takigiku K, Takeuchi M, Izumi C, et al: JUSTICE inves-
tigators: Normal range of left ventricular 2-dimensional
strain: Japanese Ultrasound Speckle Tracking of the Left
Ventricle (JUSTICE) study. Circ ] 2012; 76: 2623-2632
Border WL, Michelfelder EC, Glascock BJ, et al: Color
M-mode and Doppler tissue evaluation of diastolic func-
tion in children: Simultaneous correlation with invasive
indices. ] Am Soc Echocardiogr 2003; 16: 988-994
Goldberg DJ, Quartermain MD, Glatz AC, et al: Doppler
tissue imaging in children following cardiac transplanta-
tion: A comparison to catheter derived hemodynamics.
Pediatr Transplant 2011; 15: 488-494

Oyamada ], Toyono M, Shimada S, et al: Noninvasive
estimation of left ventricular end-diastolic pressure using
tissue Doppler imaging combined with pulsed-wave
Doppler echocardiography in patients with ventricular
septal defects: A comparison with the plasma levels of the
B-type natriuretic Peptide. Echocardiography 2008; 25:
270-277

Douglas PS: The left atrium: A biomarker of chronic dia-
stolic dysfunction and cardiovascular disease risk. ] Am
Coll Cardiol 2003; 42: 1206-1207

Romero TE, Friedman WF: Limited left ventricular
response to volume overload in the neonatal period: A

$£32% H45

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

comparative study with the adult animal. Pediatr Res
1979; 13: 910-915

Lester LA, Vitullo D, Sodt P, et al: An evaluation of the left
atrial/aortic root ratio in children with ventricular septal
defect. Circulation 1979; 60: 364-372

Kantor PF, Redington AN: Pathophysiology and manage-
ment of heart failure in repaired congenital heart disease.
Heart Fail Clin 2010; 6: 497-506, ix

Saiki H, Kuwata S, Kurishima C, et al: Prevalence, impli-
cation, and determinants of worsening renal function
after surgery for congenital heart disease. Heart Vessels
2015;

Masutani S, Taketazu M, Ishido H, et al: Effects of age on
hemodynamic changes after transcatheter closure of atrial
septal defect: Importance of ventricular diastolic func-
tion. Heart Vessels 2012; 27: 71-78

Masutani S, Senzaki H: Left ventricular function in adult
patients with atrial septal defect: Implication for devel-
opment of heart failure after transcatheter closure. ] Card
Fail 2011; 17: 957-963

Masutani S, Taketazu M, Mihara C, et al: Usefulness of
early diastolic mitral annular velocity to predict plasma
levels of brain natriuretic peptide and transient heart
failure development after device closure of atrial septal
defect. Am ] Cardiol 2009; 104: 1732-1736

Mebazaa A: Congestion and cardiorenal syndromes. Con-
trib Nephrol 2010; 165: 140-144

Saiki H, Masutani S, Tamura M, et al: Constrictive peri-
carditis developed after childhood repair of ventricular
septal defect. Pediatr Int 2013; 55: 512-516

Dauterman K, Pak PH, Maughan WL, et al: Contribution
of external forces to left ventricular diastolic pressure.
Implications for the clinical use of the Starling law. Ann
Intern Med 1995; 122: 737-742

Cheung YE, Wong §J, Liang XC, et al: Torsional mechan-
ics of the left ventricle in patients after surgical repair of
tetralogy of Fallot. Circ J 2011; 75: 1735-1741

Liang XC, Cheung EW, Wong §J, et al: Impact of right
ventricular volume overload on three-dimensional global
left ventricular mechanical dyssynchrony after surgical
repair of tetralogy of Fallot. Am J Cardiol 2008; 102:
1731-1736

Friedberg MK, Fernandes FP, Roche SL, et al: Impaired
right and left ventricular diastolic myocardial mechanics
and filling in asymptomatic children and adolescents
after repair of tetralogy of Fallot.. Eur Heart ] Cardiovasc
Imaging 2012; 13: 905-913

Stiver C, Gokhale J, Husain N, et al: Catheterization dia-
stolic pressures correlate with diastolic dyssynchrony in
patients with single right ventricles. Echocardiography
2014; 31: 370-374


http://dx.doi.org/10.1016/j.jcmg.2015.07.004
http://dx.doi.org/10.1016/j.jcmg.2015.07.004
http://dx.doi.org/10.1016/j.jcmg.2015.07.004
http://dx.doi.org/10.1053/euhj.1999.2036
http://dx.doi.org/10.1053/euhj.1999.2036
http://dx.doi.org/10.1053/euhj.1999.2036
http://dx.doi.org/10.1053/euhj.1999.2036
http://dx.doi.org/10.1016/S0735-1097(97)00184-8
http://dx.doi.org/10.1016/S0735-1097(97)00184-8
http://dx.doi.org/10.1016/S0735-1097(97)00184-8
http://dx.doi.org/10.1016/S0735-1097(97)00184-8
http://dx.doi.org/10.1016/S0735-1097(97)00184-8
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.779223
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.779223
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.779223
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.779223
http://dx.doi.org/10.1253/circj.CJ-13-1231
http://dx.doi.org/10.1253/circj.CJ-13-1231
http://dx.doi.org/10.1253/circj.CJ-13-1231
http://dx.doi.org/10.1253/circj.CJ-13-1231
http://dx.doi.org/10.1253/circj.CJ-13-1231
http://dx.doi.org/10.1161/01.CIR.0000066318.21784.43
http://dx.doi.org/10.1161/01.CIR.0000066318.21784.43
http://dx.doi.org/10.1161/01.CIR.0000066318.21784.43
http://dx.doi.org/10.1161/CIRCIMAGING.110.961623
http://dx.doi.org/10.1161/CIRCIMAGING.110.961623
http://dx.doi.org/10.1161/CIRCIMAGING.110.961623
http://dx.doi.org/10.1253/circj.CJ-12-0264
http://dx.doi.org/10.1253/circj.CJ-12-0264
http://dx.doi.org/10.1253/circj.CJ-12-0264
http://dx.doi.org/10.1253/circj.CJ-12-0264
http://dx.doi.org/10.1016/S0894-7317(03)00511-X
http://dx.doi.org/10.1016/S0894-7317(03)00511-X
http://dx.doi.org/10.1016/S0894-7317(03)00511-X
http://dx.doi.org/10.1016/S0894-7317(03)00511-X
http://dx.doi.org/10.1111/j.1399-3046.2011.01503.x
http://dx.doi.org/10.1111/j.1399-3046.2011.01503.x
http://dx.doi.org/10.1111/j.1399-3046.2011.01503.x
http://dx.doi.org/10.1111/j.1399-3046.2011.01503.x
http://dx.doi.org/10.1111/j.1540-8175.2007.00594.x
http://dx.doi.org/10.1111/j.1540-8175.2007.00594.x
http://dx.doi.org/10.1111/j.1540-8175.2007.00594.x
http://dx.doi.org/10.1111/j.1540-8175.2007.00594.x
http://dx.doi.org/10.1111/j.1540-8175.2007.00594.x
http://dx.doi.org/10.1111/j.1540-8175.2007.00594.x
http://dx.doi.org/10.1111/j.1540-8175.2007.00594.x
http://dx.doi.org/10.1016/S0735-1097(03)00956-2
http://dx.doi.org/10.1016/S0735-1097(03)00956-2
http://dx.doi.org/10.1016/S0735-1097(03)00956-2
http://dx.doi.org/10.1203/00006450-197908000-00008
http://dx.doi.org/10.1203/00006450-197908000-00008
http://dx.doi.org/10.1203/00006450-197908000-00008
http://dx.doi.org/10.1203/00006450-197908000-00008
http://dx.doi.org/10.1161/01.CIR.60.2.364
http://dx.doi.org/10.1161/01.CIR.60.2.364
http://dx.doi.org/10.1161/01.CIR.60.2.364
http://dx.doi.org/10.1016/j.hfc.2010.06.002
http://dx.doi.org/10.1016/j.hfc.2010.06.002
http://dx.doi.org/10.1016/j.hfc.2010.06.002
http://dx.doi.org/10.1007/s00380-015-0730-9
http://dx.doi.org/10.1007/s00380-015-0730-9
http://dx.doi.org/10.1007/s00380-015-0730-9
http://dx.doi.org/10.1007/s00380-015-0730-9
http://dx.doi.org/10.1007/s00380-011-0122-8
http://dx.doi.org/10.1007/s00380-011-0122-8
http://dx.doi.org/10.1007/s00380-011-0122-8
http://dx.doi.org/10.1007/s00380-011-0122-8
http://dx.doi.org/10.1016/j.cardfail.2011.07.003
http://dx.doi.org/10.1016/j.cardfail.2011.07.003
http://dx.doi.org/10.1016/j.cardfail.2011.07.003
http://dx.doi.org/10.1016/j.cardfail.2011.07.003
http://dx.doi.org/10.1016/j.amjcard.2009.07.058
http://dx.doi.org/10.1016/j.amjcard.2009.07.058
http://dx.doi.org/10.1016/j.amjcard.2009.07.058
http://dx.doi.org/10.1016/j.amjcard.2009.07.058
http://dx.doi.org/10.1016/j.amjcard.2009.07.058
http://dx.doi.org/10.1159/000313752
http://dx.doi.org/10.1159/000313752
http://dx.doi.org/10.1111/ped.12023
http://dx.doi.org/10.1111/ped.12023
http://dx.doi.org/10.1111/ped.12023
http://dx.doi.org/10.7326/0003-4819-122-10-199505150-00001
http://dx.doi.org/10.7326/0003-4819-122-10-199505150-00001
http://dx.doi.org/10.7326/0003-4819-122-10-199505150-00001
http://dx.doi.org/10.7326/0003-4819-122-10-199505150-00001
http://dx.doi.org/10.1253/circj.CJ-10-1253
http://dx.doi.org/10.1253/circj.CJ-10-1253
http://dx.doi.org/10.1253/circj.CJ-10-1253
http://dx.doi.org/10.1016/j.amjcard.2008.07.062
http://dx.doi.org/10.1016/j.amjcard.2008.07.062
http://dx.doi.org/10.1016/j.amjcard.2008.07.062
http://dx.doi.org/10.1016/j.amjcard.2008.07.062
http://dx.doi.org/10.1016/j.amjcard.2008.07.062
http://dx.doi.org/10.1093/ehjci/jes067
http://dx.doi.org/10.1093/ehjci/jes067
http://dx.doi.org/10.1093/ehjci/jes067
http://dx.doi.org/10.1093/ehjci/jes067
http://dx.doi.org/10.1093/ehjci/jes067
http://dx.doi.org/10.1111/echo.12373
http://dx.doi.org/10.1111/echo.12373
http://dx.doi.org/10.1111/echo.12373
http://dx.doi.org/10.1111/echo.12373

