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FIGURE 4-2 Cardiac cycle. The seven phases of the cardiac cycle are (1) atrial systole; {2) isovolumetric contraction;
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Quantification of LV Diameter
PLAX MMODE
view

Figure 7.2 Left ventricular fractional shortening is calculated by measuring end-diastolic and end-systolic dimensions using M-mode echocardiography from

parasternal short-axis or long-axis views. (a) Normal subject. (b) Patient with dilated cardiomyopathy and reduced fractional shortening.
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Figure 7.3 Ultrasonogram showing that the measurement of percent

fractional shortening is not applicable when paradoxical septal motion is
present, as in patients with atrial septal defects, because the interventricular
septum (IVS) moves away from the inferclateral wall in systole. The red
arrow indicates the paradoxical motion of the IVS.
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A Biplane Method of Disks "Simpson's Rule’
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Method of Disks
Calculation of Ejection Fraction
using Biplane Apical Views
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Fig. 14. (A,B) Modified Simpson’s method. The American Society of Echocardiography recommends the modified Simpson’s
method (biplane method of discs) for calculating left ventricular volumes and ejection fraction. Manual tracing of ventricular endo-
cardium at end-systole and end-diastole from two orthogonal planes, and summation of the volumes of discs derived. serve as the

basis of this calculation.
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Figure 2 MAPSE measurement. (A) MAPSE is measured by M-mode echocardiography in the apical four-chamber view. (B) Pulsed
Doppler recording of mitral inflow. (C) MAPSE. (D) Pulsed Doppler recording of aortic outflow. (E) Electrocardiogram. MAPSE should
be measured from the lowest point to the highest point during systole.
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(LVIDd + SWTd/2 + PWTd/2) x 100
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Figure 5 Measurement of the rate of pressure rise (dP/dt) in the
left ventricle. Continuous-wave Doppler recordings of the mitral
regurgitation (MR) velocity curve is obtained from an apical view.
LV dP/dtis calculated by measuring the time required for the MR
jet to increase in velocity from 1 to 3 m/sec, which reflects a 32
mm Hg change during this time period between the left ventricle
and the left atrium, derived from the modified Bernoulli equation.

42 ms LV dP/dt = 763 mmHg/s
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Diastolic heart failure—remodeling

= Ventricular hypertrophy, usually concentric
= Increased ventricular mass

* Increased ventricular wall thickness

= Little or no increase in the cavity size

* Increased mass/cavity ratio

* Decreased wall stress

= Maintained ejection fraction

= Little or no change in ventricular shape

* Mechanical dyssynchrony with or without electrical dyssynchrony—
present in approximately 1/3rd of patients
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Figure 8.2 Typical mitral inflow Doppler during childhood. Note the
dominant peak E and smaller peak A velocities. The velocity time integrals of

the E wave (E VTI) and A wave (A VTI) are outlined. Deceleration time (DT) is
measured from the peak E velocity to cessation of early diastolic flow

(arrows).
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Figure 8.3 Pulmonary venous inflow Doppler. Phasic flow is

characteristically seen with peaks in diastole (D) and systole (S) and
deceleration of flow at end-systole and end-diastole. Atrial reversal of flow
(AR) can be seen in late diastole with atrial contraction and may reflect
elevated left ventricular end-diastolic filling pressure.
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Figure 8.4 Pulmonary venous inflow Doppler in an infant with triphasic
peaks during left atrial filling. There are two peaks in systole and one peak in
diastole (D). The initial systolic peak (S1) likely represents atrial relaxation in
early systole, whereas the second systolic peak (52) is associated with
augmented atrial filling secondary to mitral annular displacement toward
the apex during ventricular contraction; this pattern is a normal variant and
not characteristic of diastolic disease.
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Figure 8.14 Mitral inflow Doppler in a child with abnormal relaxation.

Note the decreased early diastolic (E) velocities and increased velocities with
atrial contraction (A). Deceleration time of the E-wave velocity is also
prolonged (arrows) and reflects the delay in relaxation into mid-diastole.
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Figure 8.15 Pulmonary venous inflow Doppler in a child with abnormal
relaxation. Note the decreased diastolic (D) velocities compared with the
systolic (S) velocities. No reversal of flow with atrial contraction is seen,

suggesting that end-diastolic left ventricular pressure is not increased.
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Figure 8.17 Mitral inflow Doppler (@) and pulmonary venous inflow
Doppler (b) tracings from a child with diastolic disease characterized by
pseudo-normal left wentricular filling. The mitral inflow tracing appears
normal because the early diastolic filling (E) velocity has been “pseudo-
normalized” by elevated left atrial pressures with poor left ventricular (L)
compliance. The pulmonary venous inflow tracing shows prolonged atrial
reversal (AR) with atrial contraction, and the AR duration (120 ms) exceeds
the A duration (80 ms) from the mitral tracing. This finding correlates with
elevated end-diastolic ventricular pressure and helps to discriminate that the
mitral pattern is “pseudo-normal.” D, diastolic velocities; S, systolic velocities.
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Figure 8.19 Mitral inflow Doppler in a child with abnormal ventricular

compliance. Note the increased early diastolic (E) velocities and rapid
deceleration time (DT) of the E-wave velocity secondary to the poor
compliance as ventricular pressure rises rapidly during early filling,
abolishing the early transvalvar gradient across the mitral valve. In late
diastole, ventricular pressures have risen to the point where very little
additional filling occurs with atrial contraction (arrows).
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Figure 8.20 Pulmonary venous inflow Doppler in a child with abnormal
ventricular compliance. Note the increased diastolic (D) velocities compared
with the systolic (S) velocities, with rapid deceleration of the diastolic wave

in mid-diastole (DT), reflecting the rapid increase in left ventricular pressure
during early filling with a resultant increase in diastolic left atrial pressure
and abrupt cessation of pulmonary venous emptying. Atrial reversal of flow
with atrial contraction is seen (AR), reflecting the marked increase in end-
diastolic left ventricular pressure as an additional sign of poor compliance.
Systolic venous inflow is blunted because of the chronic left atrial
hypertension and distension.
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Table 8.1 Classification of left ventricular diastolic function

Mitral inflow Pulmonary venous flow DTI septal

Normal EA23+06 5<D EE, <10
109 ms<DT <216 ms MVA,, >PVA,

Abnormal relaxation EA<1.0 5=D BE, <10
DT age/HR dependent MVA,, = PVA,

Pseudo-normal E/A similar to normal S<D EE_, =10
DT similar to normal MVA, < PVA,

Restrictive physiology E/A =15 5<D EE_, =10
DT <150 ms MVA,, <PVA, .

E, mitral inflow E-wave velocity; A, mitral velocity at atrial contraction; DT, mitral deceleration time;
S, pulmenary venous systolic velocity; D, pulmonary venous diastolic velocity; E,, mitral early diastolic
septal annular velocity; MVA , duration of mitral A-wave velocity; PVA ., duration of pulmonary
venous atrial reversal velocity.
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FIGURE 24: Types of transmitral flow (upper row) and corresponding types of tissue Doppler interrogation of the mitral annular motion (lower row).
Sample volume is placed on the interventricular septal part of the mitral annulus from the apical 4-chamber view. Tissue Doppler recording allows
discrimination of normal and pseudonormal flow. (Abbreviations: A: Transmitral flow during atrial systole; Am: Mitral annular motion during atrial
systole; E: Early diastolic transmitral fiow: Em: Early diastolic motion of the mitral annulus®)
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Table 8.2 Normal inflow Doppler values in infants and children

(A <E 2 oSl .Y JulY) e BB E/A il
f Lo Lt ga3 il syl Glpad] (Ao gaail] pne ClulSe] Lo
Bl el Sle g pailing (LTS dage) Wil 3,1 e oBlEY) glpall 550 g li)
el (o aBeY) el £SAY) sy enll 0365 pe (S < D Aagall 45 )(Lial D dage)
eiaY) Jsatyy o (Juiial) DY) o ading) S oDl ) (23 palEl) o adied) Al

(61)(60)(59)- bl ) bl o el 1)
Poaall s haiall e 2l Laslall 0l sy BN Jgasl)

Demographics <1year 15y 69y 10-13 y 14-18y Total

N 63 [+ 55 La g1 325

Male 29 39 27 38 44 177

Age (y) 040+ 030 3052151t 791192t 1188 £1.11+ 16.0+1.401 78x+60
Weight (kqg) 6o6LE27 15.1 £ 5.4¢ 33811459t 47211631 66.1 £ 1551 3331252
BSA (m?) 034 +0.08 0.62 £0.141 1.07 2027t 1.37+£0.29% 1.73+£0.25% 1.0+06
HR (bpm) 124t 16 10517t BO£ 11+ 7512 B9t 16 9026
Echocardiographic

LV EDD (cm) 23%03 3.1+04% 39+ 041 4.3 +0.4% 4.7 +0.4% 36110
LV ESD (cm) 1402 19+03t 24+03t 27 +03% 301041 23106
LV PWT (cm) 04£01 0e£01t 07£01* pazOa* 09+02 07102
LV SWT (cm) 0501 0ex01t 08£011 pEx02 1002t 07102
LV mass {g.-'rn"’} 189+65 4361 16.41 B2 3+ 283t 1101 £ 3291 158.4 £ 48.51 B1E+589
Mitral E velocity T97+1B8 95.2 + 1951 944+ 148 945+ 16.0 903+178 9D&+ 185
Mitral A velocty 653+£133 61.31£121 494+ 125t 495+138 455+132 544 +£150
Mitral /A ratio 1.24+£ 030 1.60 £ 0.461 199+ 051t 202+058 2131065 1.79+£ 061
PV S-wave velocity 446+ 103 480+ 89 507113 490+11.1 43 7+73 487 £92
P\ D-wave velocity 460195 545+ 11.07 533+114 584+121 579+150 546+129
PV A-reversal velocity 16463 206t 43F 202x38 21.2+489 200152 205151
Tricuspid E velocity 5331123 616+ 12.5* 605+139 o6+114 604+109 592+124
Tricuspid A velocity 53.2+ 130 483+ 12.3* 424+ 10.8* 392+113 345+11.2* 4331135
Tricuspid EfA ratio 1.01+038 127+ 0311 149+ 0401 161 +047* 1.88 + 0 561 147 +053
SF (%) 3B9x41 JBOL36 374+38 3741432 364143 376141
LV MPI 0.33+0.08 0.34+£0.07 0.32+006 0.34+0.06 0.34+0.08 0331008
RW MPI 0.29+0.09 0.28 £0.07 0.29+008 0.28+0.08 0.29+0.08 0281008

A, atrial; BSA, body surface area; D, diastolic; E, early diastolic velocity; EDD, end-diastolic dimension; E5D, end-systolic dimension; HR, heart rate; LV, left
ventricular; MPI, myocardial performance index; PV, pulmonary venous; PWT, posterior wall thickness; S, systolic; SF, shortening fraction; SWT, systolic

wall thickness.

*P < 005, tP < 0.01 compared with preceding column.

Data expressed as mean £ 50.

Doppler velodties expressed as cmis.
Reprinted from Eidem BW, McMahon CJ, Cohen RR et al. Impact of cardiac growth on Doppler tissue imaging velocities: a study in healthy children. ) Am

Soc Echocardiogt 2004;17:212-21, with permission from Elsevier
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Figure 8.13 Calculation of left atrial volume using the biplane

area-length method from orthogonal apical 4-chamber and 2-chamber Flgure 8.12 Calculation of left atrial volume USing the bip|ane method of

images with the left atrium traced at its maximum volume at end-systole

mmediately before mitral valve opening. The formula for Lavolumeis  015kS (modified Simpson's rule)from orthogonal apical 4-chamber and
8/3n[(A,)AL)] where L is the shortest of either the apical 4- or 2-chamber Z'Chamber images With the Ieft atrium tfa(ed atits maximum VOlume at

length. Note that the length is measured from the back wall to the hinge

point of the mitrel annulis, ot the rultral leafiets end-systole immediately before mitral valve opening.
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The risk factors for anthracycline cardiotoxicity

Risk factors:

+ High total dose

« High peak serum level

« Combination therapy with other cardiotoxic antitumor drugs
+ Mediastinal radiation therapy

« Age—very young and very old

« History of cardiac diseases—hypertension, reduced LVEF
+ Liver diseases

+  Whole-body hyperthermia
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Chronic doxorubicin cardiotoxicity

Cardiac manifestations:

= Dilatation of all cardiac chambers
=  Mural thrombi

= Diastolic dysfunction

= Systolic dysfunction

* Increased wall stress

= Qvert systolic heart failure

Aacad) ol jaxiy y dualal) uad) Ay el o) IS OpangsnSoall Tpew Ul

53



Al ol ¢ sl DoY) (3 LS Gl o8 AaaY) il Cilal pugn LS ¢ 4l
o bl el dSlew (el G ¢ Dl s ) Giadl 63e) iblaial g Akl

(84) Aediiall Al & dplaa colin J<am o oSy WS ) cpdadl gylaal) gl o i)

: MPI g5 cUdSuiifly cpadleal) pdssal] die qpudd) duiha) 44L5ol] a7

- Lelasiad gy dpma izl plall aal 8l S iy

oY) Galad) dadhg il EF ¢ FS Glua 8 sSYL Alead) duhall 3 deodiodl gylall S
Gpuloa 3 @l V) ¢ a8 QB gend a3S e gy gihal Asen péyy eiSly dpal i)
S JSa s laleay) kel o) cluball ciy Cua o A LD U sl b AL
- Agmplal) 3508 e dpalE) Aidagl) 616 (e a2l e dalled) DA

<3 el i MPI Jie (AT i () 38l ¢ Lled BdaluV) Aadagl) (uld fiey @l
Do JA ol daadly Adlsa (V) a3 ] Adplall o3 oS) ¢ 5)SUl Al dlaY) (aiS L daal
. ol «Ysa 4,40 Guidelines

paldy) Ak e lidSulyiy) <yl 13 6

N5 Y Dl ¢ Gsise pe ey Lle) o Gyslesl) Aadleal ey LA SV LVEF slael ¢
cAusSe e Alagall ol b sS dg  jabie (<8 st LVEF

ied ) %10 < lviay EF o8 (ailis sa Llls Llead) dojladl) 8 daiaall Aulil) Lpand) Caypat o)
G gall o el die 945< jlaig EF ad (als o ¢ e oaall vie %55 e B
(87)(86)(85)

Habiall Laudl il e SW I TS og ey wlum e LVEF Liws JInY) S

.(89)(88). il illy dxllaall 005
Guidlines 5 ¢ Aulall ipandl ayiil LVEF a8 e slae¥) 2y JUkY) die s ¢ @l (e ag )l
¢ A Allaa) dejal) Caai elae) days ¢ Gkl el U8 LVEF Guld o)l meati sadiedl)

(90). A 406 deya S elac) Jiy

((91) ostasll zMal) g Uniil my in A0 blal il s haly peaay LS

54



: dublusi¥) A4l gl e cilidSus) i) G2 3 6

Adagl) o cadl) Gias Jy p)Sie JSaay S JS8 Apklanl) dlasl) 8 cagl) sl
1(93)(29) il gai el sedas dpaliay)

well ¢(94) Aalay) Aidasl) ChlamY basi wadl 5 S iy sl A o) cluball g
E dasdl deyu dVRT cluld o Talae) dobla) 4k Ghyhacal Jalal JS disloas 4184) (1

.DT 5 A

A g e amy Mg ¢ piayall (e and die DT ¢ IVRT e IS 3 Jsla agay Sluhall (gaa) i
o ALl all o3gd IS5 ¢ ) el e ligind JIA ae iley Lae ¢ 20l pay e e
O i LS ¢ Adha) e oed 6 e @l LVEF Gaal@) didagly oo sk 4ulSaY  Lpm
e ool e ¢ (95) L) dadagl) Hsax Sl 5uill %88 duesiy %78 dlus 41 IVRT
(96) .Aysanill Aadll oda L) (e (S ol (gyaf Al ¢

cilS s ¢ Ayl de gane die EJA duaill ailig ¢ E dagall Aoy 3 (als Lagd gal a3
(97) 4l (e lsin 5-3 P LVEF Localia) daglagll jsai ae dyaliia

Gan wgilly an ) FSEF (e S a (el pe dplaliaaV) dala lly Chlacal cilia (g AT 4
(98) a1 (e (A1 depal) cin e el any @l (aall Jlal)

e aell e ¢ Alasl Aatlad) iyl ey s 3add Lada LVEF 616 cilaaY (5 5al il Ly
(99). _SL IS dpdalual) ddal) Qlylasal

sull e e el didagl) el sldie) &y ol 13l i ¢ Ulal dizilinal culudyall o3a il

ENATNEFR NG R

: MPI Lllaay) dids ol Lo ulSon)yii¥) lpili 3 3 6

Llie Gl pl caalledl caydl xie ¢ Tei index ad B el sy Sl iy
el oSV desn oo Tel A G ol 35y ey G LS ¢ Gl alalY

C ET () sualiis IVCT dVRT (e IS Jslail agay Tei ad sl of Lol
Clesay GAAN dallas o G sinse amall G (e sene Alie 52 Clubal) o) b

55



el Y& el (e %83 of (Pa\ie 400 5 200 h desn) V) e sanall die Jang) ¢ 5l
JS (PG00 o ST desn ) Al desand) iy . Ll FS ol g i)l laaye MPI
. e haid %4] vie = FS Ly dica MPLAd sl (K oyl

SL Oy Al dpanad) iy ilil) CaliSl il Jes aly (slus e Tel index  of clld e oy
- Gl YL alladl ) xie

56



Llaad) Aofyat)

s Auhall il

s Ay LgiBley (JUbY) rwgll PieY) oy 2ie ((dp/dt « MPI) e JS 550 Ay
(EF¢ FS) dpadasll Hu¥) cplad) ddids (uld ()l ae Legilia 5 NYHA ) st o )
Mall gslaall) (mliaa) omye die Lplill Ayad) e SL CaiSH & MPLJ) 50 Al s WS
o985l desag MPI Aad o 4Dl diay ¢ ¢ (CpasponSsall) Sl VL aalladl
¢ FS il 5l culadl dadas s Gk ae milill Ajlies (Zalie 200 > 5 <) Lol
.EF

t daal) cile panay Al g
degana ¢ Clsin 3 e SV LY e Gle gane EDUE cross—sectional  dulaie daa) Ay
e Al liae Plicly uliadll JELY) degene ¢ Aulill Lalll e Lalh Guenhll JlakY)
Oaallaal) Slall golaadll (mlanVU uliad) JUbY) desena « %50 > EF aiy cuie JSG
¢ Al Balaalls ¢ A0 52Lal) e JSI Gmabyally ¢ ZOall Jaba (g sy (51 (B g s sally

C il el el 5k
s Al Glajs e

2016 ale (e djﬁl[\ eddlg ¢ 2015 ple (e ‘_;.atd\ caall) (PIA ¢ (Bden ‘;ux\;“ Juky) IO

paletud) yulea
LaiSa ol Al Al A8 agila) Cud cpdl) JAlbY1 JS alaiid 250 Lpals Guedal) JlY) de sane
- Al Aadad) o liuly Al il oL aae gl ¢ SYL

3 ye A8 41 g1 agagl ol il PlaeY) cV s sl & aagll PlicY) Jlil de sane
o il g 2L ade agad) A ) SIS ¢ il PDlieN s

A8 430 25as peadl il pdll JULYIs ¢ sl Aadlie JUkT Slaiind 3 1 alian¥) (g degene

o) gy 2 aae 0 SOYL A duSa f Aals

57



2015 ple (e 3sai ed O biaall Bl 8 Gl By oaelal) JULY) ifiue & Gl (53]
2016 sle (0SB 8 s

e Glegaae EOE e claldl 5 ¢ Cross— sectional ddaie daay <0 Wl Ceaa
ke @SS Al el e el 5 e JSa Wyl S Y|

atjlecl Cngli ¢ Jila 60 Jledl) dnall 2ae ¢ Lpalls el JUlY) e sana 1 (Y1 dc sandll
(%45:55 ) Gldd 583 daws culS ¢ 43w 1255 (o

3y Sl Al s ¢ SYL e Sy s Plicl Gubiadl JULY) de gane : A3l de gandl)
(%42 :58) &l Sl A il lsin 105 3w 4.5 o atlec] Cangli (e 20 aleiia)
2 Aal) d2e ¢ G g€ sally Cpallaal) alad) golaalll aliany) bkl de gane : A de ganal)
(%38 :62) L S A ¢ Glgiw 95 A 5.5 G atlect Cinglii ¢ (e 60 b))
CA 12 45 Gw Al JkY (gl Jlad) (8

lliass duhall Gyl e agd 488 Cilagyd aifiy il JSny  Auhall Jlkl cdlile dllie ¢
bl 8 L) JUhY) asead i) A8l e

by EF ¢ FS Luala) didasll Ciyadia s Jinaity dubyll JUkT aseal 8 o) ohals Ludd
. MPI Ly

el AP/t Aad Cilus iy ¢ bl alually Hsemd aeaal IS Ly 3 sl PlieV) e S
KOS 50 i) Hpad A pal NYHA J (gynpaal) Gl Cuun s sill lieY) aage a5
3a7) NYHA (i 306 dajn li el agodd JUkl 6 1 L LS ages olS5 ¢ cpnmpe JlY)
Jakal 7 ¢ (Slpl) Jalaally ala 2aa%) ZE da gy i gl agual Jlilal 7 o Slsal) Lalially Jay
C(Eab) o pabel ) dag)y A il gl agudl

Aol g ficsane (Al G )psnS sl Gaadlaad) Sadl gsladlll (alianVl iaye adi o
o i Aepa gl o JUkY) s oS ¢ Auball ela) Alaal s agie IS WG ) Al
ane 22 23200 sl o ST depn 1l ol JULY) ey ¢ (%63) e 38 2Ail200
(%37)

58



Ay ) DAY Cuan gl ISV o s £ 550

m NYHA 2
" NYHA 3
B NYHA 4

BUarall Chany 5 puaS 93l Ao (389 il sl £ 558

H > 200 mg/m?2
<200 mg/m2

Statistical Study :4iilaay) 4l

GraphPad Prism 5 Microsoft Office Excel 2007 _axliy alaaiuly Lu\.m;\ bl Judas 2
One way lial, T-test ,lod) aladiil Glegeadl o 455l Cupal A(oldl Hlaay))
Jisdl Lald @lisie e bldel MPI D deglly duluall e S lua &5 anova
Al Juald liel & creceiver operating characteristic (ROC) curves bl
.(P=0.05). 0.051 Bl AV (55ime 4y %95 J Lslue Confidence Interval

59



¢ openkl] JELY) die Lkl A6k o) Ciluld

o e ¢(3.37232.78) (o)ne Cihailt bawgidll dad 5« % 38 5 %29 o FS a8 syl
aill Al ga 2l 038 ¢ (5.14264.5) (lae Cilailt Langidl dad 5 %745 %58 o culs EF
. Badinall dyma yall

Aabl i 4iad ilSs ¢ (0.0240.37) (o)lme Cabailt Jassiall dady 0.450.33 ¢ MPI o8 ¢l
p lhall ey & MPIJ Gapdall aill magy (1) Jsaadl . Gaadlall cilhall as

Study L“:ti‘:nts LV MPI

Kim (100) 26 0.3820.04

Eidem (101) 152 0.35:0.03

Dujardin (102) 75 0.37+0.05

Williams (103) 30 0.3220.1

Bruch (104) 38 0.39+0.31
(1) a8 Jgaal)

: rasill Plic V) Jbf sic bl dikiol) Lol

S Glas) 3)6 ae (%40 5 %24 ) o EF a8 50 (%20 5 %12) ou FS  af cayls
. (p<0.0001) Cpmpdall JAkY) e 435l

A Jlas) 3l Gl JELY) 8 e el culSy ¢ (0.94 5 0.65) gu MPl o ciiglas

.(p<0.0001)
sadinall Agpdal) dall e Ji alll b3 area cilSy o (880 5 400) o dp/dt a8 gl
.1200

(2) o Jsaall L Fadle Fall) bl

60



dnlh e Plisly (pbaall JULY) 4o gana (sal Allaa) g dpecalhiY) Adlh o) il il 4 e gl ga 1(2) pd) Jga
Ol agd B g g

Piad | il JUbY) s ey Jk
Cal Y] e siall il iyt gial
bl bl
<0.0001 3.37+32.78 2.62+15.85 FS
<0.0001 6.69+65.56 5.10+31.7 EF
<0.0001 0.02+0.37 0.08+0.79 MPI
1200< 138.82+673.5 Dp/dt

: NYHA J o] Csieall i ssil] Plic Y iaye 2ic 0p/ot « MPLEF « FS adigjsi
(3) Jsaalls A g Gpylall LA o will 038 illanssie

] QAN jguad Aa ) T Laegll SV e die AlleaYly dpaldly) Akl cluld @il mag :(3) Jds

NYHA
Dp/dt MPI EF FS a s
il a4k gial) il ANk gial) il gial) il gial) Ny :IA
éJLy.d\ ‘5‘)1.4’.43\ ‘5‘)1.4’.43\ ng,,u.d\
43.09+818.3 0.04+0.70 3.57436 1.78+18 2
46.70+708.6 0.03+0.80 4.86+32.57 2.43+16.29
78.714514.3 0.05+0.87 3.02+27.14 1.51+13.57 4

aa Slas) 3)6 ae NYHA ot Cus 4yl Alal) pe dualite <l EF ¢ FS ol dually
LS 2l (V) Ginpdll G ol oSy ¢ QG Al Gdingall g ¢ ZENS A Gl o
- (2)(1) ol ek

Op Apped) Al pe by mualy IS0 Lauliie lgad cilS 2 dp/dt 5 « MPI J dually L
(4)(3) clsall 4 jeday LS ¢ NYHA il o calias

61



29- o P=0.18 . ] P=0.02 ]
20+ i i
(X J
184 =
L] (XX J
<P 164 . .
o o L]
144 ®
(X J
124 i oo
10 T T T
v v v
\S \S \S
S S s

NYHA & pmall il gad A oot aa gil) SNV (a2 10 2ie FS b £ 555 sy 1(1) S

P=0.0005
P=0.18 P=0.02
457 I i | |
404 ° °
o0
[ —
L 35+ ° YY)
L ® [ ]
304 ° . d
°
Y
25- ° 'Y
20 T T T
\e V“(b ?‘b(
& & s
S S S

NYHA%ﬁﬂ\gm\JMa@J.\SL,\SgMJﬂ\d)tb‘ﬂuabﬁ-ﬁc« EFﬁéﬁjﬂGﬁd,ﬁ(Z)dﬁ

62



P<0.0001

P=0.0006 P=0.014
107 presnmnnnen e
)
0.9- o
° (R Td—
..
2 o8- —age— .
[ ] [ X J
[ ]
0.74 ——o—
°
[ ]
0.6 T Y T
v v v
\& \& \&
S & S

NYHA ) i) ) gash Al lah aan sil) DESY) pida o 230 MP] add £ 5558 s : (3) JSi

P<0.0001
P=0.001 P=0.0001
10007  pre—— |
oy
8004 —eeet .
—%e®
g0
= 600- o
2 —,
T 400 o*
200-
0 " i T
?fl/ ?fb vb‘
M M N
N N S

NYHA Lyl Gl gua da a lad o gil) JieY) o j0 die dp/dt ad 555 s 1 (4) JS&

63



¢ st 55l Gallaal) idssall die Luisdad) sl ) il

Opmpball JULY) ae &lae  JSlas) 5yl ol s oS Ay ¢ (%38 5 %26) o0 FS a8 <yl

. (p= 0.49)

Ol JALY) e e a6 s s IS ¢ (%74 5 %52) o EF a8 cals
. (p=0.34)

ala Flas) Bli Guendal) JULY) a8 e el cilSs < (0,5 5 0,32 )om MPI 2 clS Laiy
.(p<0.0001)

. Cpmahally gl vie MPI g5 sy (5) a8y JSall
Ll el Gadinl Legiy dpulea Juadl ke ) MPL Aed mas (5) &) Jsaall
Al A Qi) Al ¢ s ) s ally

ta dad) gl el Jubi Ao gana oAl Adlaal)y Apalddy) Aidagll Ciluld @il o 4 la g 1(4) Jeis

Chal) agl B
P dad Cugaadal) JLalad) 6 siall)l (alaany) Jlikj
ol miY) o giall * Aal
5 bl sl asy) s giall
Sl

0.49 3.37+32.78 3.34+32.36 FS

0.34 5.14+64.5 5.87+63.46 EF
<0.0001 0.02+0.37 0.05+0.40 MPI

o 9 )5S 91l Crdlacall puda sl (gl Al dans 25205 il (b 4o 5l g Lpsbusn Juab] a3 MP| 4 magy :(5) s

%o Al % 4 sl MP] 4
68.33 60.00 > 0.3750
61.67 65.00 > 0.3850
61.67 80.00 > 0.3950
58.33 96.67 > 0.4050
51.67 100.0 > 0.4150

64



P< 0.0001
0.554 L

0.50+

0.454

L 0.40-

M

—
0.354 |

0.304

0.25 |
N .
& o
S S
< S

Olall JULY) ga &5 j8a G 9 ) 9 921y Cpallaal) JULY) A ganal MIPI o £ 355 g 3(5) Js&

¢ Cpearg ysaS ol deja cuis MPI i

BB ae ¢ Akl dcsall aiape ae A5G ¢ Aaiiidl djall mpe xe B culS MPI L8
(6) a8y Js2al.(p=0.021) Legiy ola Sl

Lis ¢ e 60 dual (e panpe 37 (sl Jlea) (e %61)aic (0.4 <)dpare MPI cuils
(%52.6) 5 (Ui 22 Jual (30 rane 17)allall dejall g die ((%77.2)4maill 236 culs
(e 38 Jual e (anpe 20) dcaidiall dejal) iage die

(7)(6) S b Animge (s ysn sl Ao Canny el 2ieMPI i 558

Aadl (g gliall) (aliasl) ouda el (s 525 9S8 921) (a BUanal) A ol (335 MIPI J) o glasa 1(6) Jo>

P dad mg/m2 200< 4= » mg/m2 200> 4=
N=22 N=38
0.021 0.01+0.42 0.008+0.39 MPI

65



P=0.021

0.55+
0.50- —_—
0.45-
o i
S 040
0.35-
—_—
0.30- —
0.25 ' '
\@% \63'
S S
Q(Q 06\
Q Q
I 45

O g2 908 540 A sl Lot sl (g slalll Galian) 2 5al MIPLJ) o £ 358 s 1(6) S

40

35 -

30 -

18

MPI < 0.04

m MPI >0.04

< 200mg/m?2 >200mg/m?2

0.04 Z33a MPI 4 tic SUanall de ol T g Cppmu g9 gally Cpallaall o pall £ 555 gy 1(7) JS&

66



;g 38l

oaly ISy el cul€ gl sda o) rsill JUieY) iaye 2ie MPL ) lialys DA (e Dl
daim pal) Lpallall iyl o 2l g pliie Lgied CulS LS ¢ Apngplal) 2l e d3lia agaal culiy
(7) & sl 3

s Agallad) cluhal) (e 23 @ gl PlisY) Ll xie MPI dad as (7) &b ds

@lne CilasEMPI s e eyl 22e Al
0.28+0.78 5 (105) Tei dabl 4u)s
0.14+0.63 31 (106) 2003 dtima )y
0.2+0.66 30 (107) 2009 Ay A
0.48+0.88 54 (108) 2015 4d)e dup

Gy Ayl Al ae € JCG dlge cul€ gl 2ie MPLad ) Lad LS
((8) A Usaa) Aliles 3l e cilias (109) 2002 sle anladl dulys ao sy 1385 NYHA (o
Agpeal) Al e LpaaY) el ity 285 La dp/dit o culS Glli

5 MPL e 8 Oy oS0y dgppad) Alad) s G150 mny cond a8 EF 5 FS (1 Ay L
Al ¢l die Gluhll e ae il Gilsl 13 L (9)ad) Jsaall el WS cdp)/dt
Jsa) Appmad) Alally BF o8 G G55 a5ns paad adi lly SSA) dSle dalalY) Al pa (aabliy
((8)

daph aldic) ) cpadlll Djlae dyypdl Al ae JUiaY) die EF 2@l Q0 3860 axe (g3ey S8
& sadiadl SIMpson diph (e ddlaaes diy Jil yied lly el EF (i & Teichholz
- ol die ()

67




Lafpally il o NYHA i Gl gudd cila cilida ¢p MPI ¢ EF g J<U p value ad o 455184 (8) oo

Ll
P value MPI P value EF
NYHA NYHA NYHA NYHA NYHA NYHA
2-4 3-4 2-3 2-4 3-4 2-3
0.0001> 0.014 0.0006 0.0005 0.02 0.18 Ly
0.009 0.027 0.019 0.07 0.22 0.8 Ayl
(109) Aty

Sl O ) (B gl ISV pudapa die Allaa¥) g AnalAN) Ald gl @l e (o JSI P dad a1 (9) s
P NYHA a4 ) Qi) | guab

NYHA il ) suad s )3 (s P Aad alaal)
0.002 FS
0.002 EF
<0.0001 MPI
<0.0001 dp/dt
5 Ot S gllly Spadleal) o jal) ie

eyl de el cul€ MPI ad o) Ll capall oW die cluldl) il Ay DA (e
S ae il 1 sl las) @l ge Gueshll UYL Alie Guang sl Gealladll
Loandl (23S 8 MPI Loulis 20 ) @l s ((10)a8) Jsand) b 5)58) Laallad) oyl
. EF ¢ FS a8 galy Ji ins 150 440

Lae Cpsnnlally (el g (Slas) Bl () Wiy & 25 ol EF 5 FS o g8 elld (g Sl e
o Adlaaally Luluall @i EF 5 FS o ) eyl 5 ¢ (110) Zabiy) dball we Gil50
OGS bl il ae daill o3 Calai g AT Aga e 81 L BSL AUl dpend) aiS
((11) a8, Jsaadl b danase) (112)(111)

68



D e 9 908 91y Cppallaal) ouda pall die dnallal) cbaa) jall g Uisd 32 G MIPL oo 458 1(10) ) g

P value 200<dc > | 200> 4= P value Patient MPI | ControlMPI
0.021 0.01+0.42 0.08+0.39 0.0001> 0.05+0.4 0.02+0.37 Ll o
0.088 0.08+0.44 0.04+0.42 0.015 0.06+0.44 0.04+0.34 f\-*-“bm
A1 Y
(110) 2005
- - - 0.01 1204 » | 0.05+0.37 Ayl
0.05+0.41 1 4s A
0.01 120<4c (111) 2013
0.08+0.42
- - - 0.01> 0.08+0.41 | 0.04+0.34 Ayl
2 4
(112) 2013

D e 9 908 9lly Cpallaal) ouda jall di dgallal) baad jall g Uiesd 33 G EF ¢ FS af 43 8a 1(11) pd) J g2

P value Patient EF | Control EF P value Patient FS Control FS
0.34 5.87+63.46 5.14+64.5 0.49 3.34+32.36 | 373.£32.78 L) ya
0.074 12458 6164 0.082 8432 4136 A,
4l )
(110) 2005
Not 120>4c > | 3.7£70.3 - - - Ayl
signeficante |  4.4+67.7 148
120< 4e (111) 2013
0.001> 6.2+64.9
- - - 0.03 3.17+£36.09 | 3.21+39.65 A )
2 48 A
(112) 2013

B)lie G g ysSsall o Al deja Tl ) caydl) vie el culd MPL o8 o Load Jaads
e MPL sl ol ) G il @l ¢ ala Slas) 3)l ae doididl dejally
dcya s MPL o o Bl asay ) ol olld JS L 3dlell dejall ape 2ie ST (0.4<)
5 Al deall e pany e bl il Geia MPL o clay (S5 GUasall (g S 5l
depall e @Al dalse Jas ) el Amiid) Ao nll iage s die (AT a0 Lol
el (mny vie LU i dlaxin dsmg ) ALYl Al dad) Cilas) o all Aol

e e S

69



: ilwagil)

e Adlyes i (8 Al Ll Aatine EF ¢ FS daliil) dualal) didsgl) ciluld i3
Wi il pumd Anyn ae laalgis 250 €T dp/dt 5 MPI (5 S o san @l ¢ anssil] Dlic)
s s sy S dp/dt ¢ MPI (e JS (s ety @l ¢ NYHA U Gisist s
sl ¢ panal s ge Jadl 388 lilkeY ansill PlieYl Gubad) JEbY) oaye IS )y
bl e adall ) zliag 5 e i ol dighall sad) o chatiall 03¢l dp)Y) daill of (s
. Aagtiall

L)) el QU izl 8 Adlaadll ) EF ¢ FS djaiil) dpcalay) didagl) cilulg i
el (o Aala dusd die Auiaye MPLded ciilS S ¢ Gaung)suSaally Cpallaall oiajall 2ie
ohd o JLai®V] aamy maaly Gl ¢ dmdal) apall Gea EF ¢ FS (e JS el e a2l e
Onlledl oapall Adhe 4 (L) A1 e saldl dabdl 4 gl ) EF ¢ FS
¢ Sb J<a bl Bl MPI J1 e cluld eha) Gy lal) 8l Lals ¢ G psnSall;
s MPL (IS Jla b Sy cluld il saly) oy

ey Sl ¢ Al Ll sdal Apntyll Byghadll dalse (o (g ysuSsall Sl dejall
S Ll L) Cgaa galal )i 200 STl Aol Led Golami ¥ Aedle cNSgp dlael,

ChusSe e s L Ule

70



References :

ok w

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sengupta PP, Korinek J, Belohlavek M et al. Left ventricular structure and function: basic
science for cardiac imaging. J Am Coll Cardiol 2006;48:1988-2001.

Sengupta PP, Krishnamoorthy VK, Korinek J et al. Left ventricular form and function
revisited: applied translational science to cardiovascular ultrasound imaging. J Am Soc
Echocardiog 2007; 20:539-51.

Textbook of medical physiology:Guyton and Hall; Saunders 2011, twelfth edition

Human physiology:Fox S. 10" edition ; McGraw-Hill 2008.

Echocardiography in Pediatric and Congenital Heart Disease-from fetus to adult —~Wiley-
Blackwell 2009.

Cardiology An lllustrated Textbook (Jaypee) First edition 2013 .

Mirsky 1. Elastic properties of the myocardium: a quantitative approach with
physiological and clinical applications. In: Berne RM, Sperelakis N, Geiger SR (Eds).
Handbook of Physiology (Section 2—The Cardiovascular System). Bethesda, MD:
American Physiological Society; 1979. pp. 497-531.

Piot C, Lemaire S, Albat B et al. High frequency-induced upregulation of human cardiac
calcium currents. Circulation 1996;93: 120-8.

Suga H, Sagawa K, Shoukas AA. Load independence of the instantaneous pressure—
volume ratio of the canine left ventricle and effects of epinephrine and heart rate on the
ratio. Circ Res 1973;32:314-22.

Konstam MA. Systolic and diastolic dysfunction in heart failure? Time for a new
paradigm. J Cardiac Fail. 2003;9:1-3.

Aurigema GP, Zile MR, Gaasch WH. Contractile behavior of the left ventricle in
diastolic heart failure with emphasis on regional systolic function. Circulation.
2006;113:296-304.

Wang J, Kurrelmeyer KM, Torre-Amione N, et al. Systolic and diastolic dyssynchrony in
patients with diastolic heart failure and the effect of medical therapy. J Am Coll Cardiol.
2007,49:88-96.

Chatterjee K, Massie B. Systolic and diastolic heart failure: differences and similarities. J
Cardiac Fail. 2007;13:569-76.

Schiller NB, Shah PM, Crawford M et al. Recommendations for quantitation of the left
ventricle by two-dimensional echocardiography. American Society of Echocardiography
Committee on Standards, Subcommittee on Quantitation of Two-Dimensional
Echocardiograms. J Am Soc Echocardiog 1989; 2:358-67.

Lang R, Bierig M, Devereux R et al. Recommendations for chamber quantification. Eur J
Echocardiogr 2006;7:79-108.

Stoylen A, Skjaerpe T. Systolic long axis function of the left ventricle. Global and
regional information. Scand Cardiovasc J 2003;37:253-8.

Colan SD, Borow KM, Neumann A. Left ventricular end-systolic wall stress-velocity of
fiber shortening relation: a load-independent index of myocardial contractility. J Am Coll
Cardiol 1984;4: 715-24.

Shimizu G, Hirota Y, Kita Y et al. Left ventricular midwall mechanics in systemic
arterial hypertension. Myocardial function is depressed in pressure-overload hypertrophy.
Circulation 1991;83:1676-84.

71



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

de Simone G, Devereux RB, Koren MJ et al. Midwall left ventricular mechanics. An
independent predictor of cardiovascular risk in arterial hypertension. Circulation
1996;93:259-65.

de Simone G, Devereux RB. Rationale of echocardiographic assessment of left
ventricular wall stress and midwall mechanics in hypertensive heart disease. Eur J
Echocardiog 2002;3: 192-8.

Gentles TL, Sanders SP, Colan SD. Misrepresentation of left ventricular contractile
function by endocardial indexes: clinical implications after coarctation repair. Am Heart J
2000;140: 585-95

Sasao H, Noda R, Hasegawa T, Endo A, Oimatsu H, Takada T. Prognostic value of the
Tei index combining systolic and diastolic myocardial performance in patients with acute
myocardial infarction treated by successful primary angioplasty. Heart Vessels
2004,19:68-74.

Bargiggia GS, Bertucci C, Recusani F, Raisaro A, de Servi S, Valdes- Cruz LM, et al. A
new method for estimating left ventricular dP/dt by continuous wave Doppler-
echocardiography.  Validation studies at cardiac catheterization. Circulation
1989;80:1287-92.

Chen C, Rodriguez L, Guerrero JL, Marshall S, Levine RA, Weyman AE, et al.
Noninvasive estimation of the instantaneous first derivative of left ventricular pressure
using continuous-wave Doppler echocardiography. Circulation 1991;83:2101-10.

Kolias TJ, Aaronson KD, Armstrong WF. Doppler-derived dP/dt and -dP/dt predict
survival in congestive heart failure. J Am Coll Cardiol 2000;36:1594-9.

Tei C, Dujardin KS, Hodge DO et al. Doppler index combining systolic and diastolic
myocardial performance: clinical value in cardiac amyloidosis. J Am Coll Cardiol
1996;28:658-64.

Tei C, Nishimura RA, Seward JB, Tajik AJ. Noninvasive Doppler-derived myocardial
performance index: correlation with simultaneous measurements of cardiac
catheterization measurements. J Am Soc Echocardiog 1997;10:169-78.

Tei C, Nishimura RA, Seward JB, Tajik AJ: Noninvasive Doppler-derived myocardial
performance index: Correlation with simultaneous measurements of cardiac
catheterization measurements. J Am Soc Echocardiogr 1997;10:169-178.

Le Feuvre C, Baubion N, Berdah J, et al: Doppler parameters of systolic function and
heart rate. Arch Mal Coeur Vaiss 1992;85:199-202.

Eidem BW, O’Leary PW, Tei C, Seward JB. Usefulness of the myocardial performance
index for assessing right ventricular function in congenital heart disease. Am J Cardiol
2000;86: 654-8.

Eidem BW, Tei C, O’Leary PW et al. Nongeometric quantitative assessment of right and
left ventricular function: myocardial performance index in normal children and patients
with Ebstein anomaly. J Am Soc Echocardiogr 1998;11:849-56.

Abd EI Rahman MY, Abdul-Khaliq H, Vogel M et al. Value of the new Doppler-derived
myocardial performance index for the evaluation of right and left ventricular function
following repair of tetralogy of fallot. Pediatr Cardiol 2002;23:502—7.

Norozi K, Buchhorn R, Bartmus D et al. Elevated brain natriuretic peptide and reduced
exercise capacity in adult patients operated on for tetralogy of fallot is due to
biventricular dysfunction as determined by the myocardial performance index. Am J
Cardiol 2006;97:1377-82.

72



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

Tei C, Nishimura RA, Seward JB, Tajik AJ. Noninvasive Doppler-derived myocardial
performance index: correlation with simultaneous measurements of cardiac
catheterization measurements. J Am Soc Echocardiogr 1997;10:169-78.

LaCorte JC, Cabreriza SE, Rabkin DG, Printz BF, Coku L, Weinberg A, et al.
Correlation of the Tei index with invasive measurements of ventricular function in a
porcine model. J Am Soc Echocardiogr 2003;16:442-7

Bruch C, Schmermund A, Marin D, Katz M, Bartel T, Schaar J, et al. Teiindex in patients
with mild-to-moderate congestive heart failure. Eur Heart J 2000;21:1888-95.

Eidem BW, O’Leary PW, Tei C, Seward JB. Usefulness of the myocardial performance
index for assessing right ventricular function in congenital heart disease. Am J Cardiol
2000;86:654-8.

Haque A, Otsuji Y, Yoshifuku S, Kumanohoso T, Zhang H, Kisanuki A, et al. Effects of
valve dysfunction on Doppler Tei index. JAm Soc Echocardiogr 2002;15:877-83.
Dujardin KS, Tei C, Yeo TC, Hodge DO, Rossi A, Seward JB. Prognostic value of a
Doppler index combining systolic and diastolic performance in idiopathic-dilated
cardiomyopathy. Am J Cardiol 1998;82:1071-6.

Tei C, Dujardin KS, Hodge DO, Kyle RA, Tajik AJ, Seward JB. Doppler index
combining systolic and diastolic myocardial performance: clinical value in cardiac
amyloidosis. J Am Coll Cardiol 1996;28:658-64.

Sasao H, Noda R, Hasegawa T, Endo A, Oimatsu H, Takada T. Prognostic value of the
Tei index combining systolic and diastolic myocardial performance

Brutsaert DL, Sys SU, Gillebert TC. Diastolic failure: pathophysiology and therapeutic
implications. J Am Coll Cardiol. 1993;22:318- 25.

Zile MR, Brutsaert DL. New concepts in diastolic dysfunction and diastolic heart failure:
part I: diagnosis, prognosis and measurements of diastolic function. Circulation.
2002;105:1387-93.

Quinones MA, Zile MR, Massie BM, et al. Chronic heart failure: a report from the
artmouth Diastolic Discourses. Congest Heart Fail. 2006;12:162-5.

van Heerebeek L, Borbély A, Niessen HW, et al. Myocardial structure and function differ
in systolic and diastolic heart failure. Circulation. 2006;113:1966-73.

Chatterjee K, Massie B. Systolic and diastolic heart failure: differences and similarities. J
Card Fail. 2007;13:569-76.

Snider AR, Serwer GA, Ritter SB. Methods for obtaining quantitative information from
the echocardiographic examination. In: Echocardiography in Pediatric Heart Disease.
Missouri: Mosby, 1997;133-234.

Nishimura RA, Abel MD, Hatle LK et al. Assessment of diastolic function of the heart:
Background and current applications of Doppler echocardiography. Part Il. Clinical
studies. Mayo ClinProc 1989;64:181-204.

Gardin JM, Dabestani A, Takenaka K et al. Effect of imaging view and sample volume
location on evaluation of mitral flow velocity by pulsed Doppler echocardiography. Am J
Cardiol 1986;57:1335-9.

Ding ZP, Oh JK, Klein AL et al. Effect of sample volume location on Doppler-derived
transmitral inflow velocity values. J Am Soc Echo 1991;4:451-6.

Snider A, Serwer G, Ritter S. Echocardiography in Pediatric Heart Disease, 2nd edn. St
Louis, Missouri: Mosby Year Book, 1997.

73



52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

O’Leary PW, Durongpisitkul K, Cordes T et al. Diastolic ventricular function in children:
A Doppler echocardiographic study establishing normal values and predictors of
increased ventricular end-diastolic pressure. Mayo Clin Proc 1998;73: 616-28.

Agata Y, Hiraishi S, Oguchi K et al. Changes in pulmonary venous flow pattern during
early neonatal life. Br Heart J 1994;71:182-6.

luchi A, Takashi O, Satoru O et al. Evaluation of pulmonary venous flow pattern in
hypertrophied and dilated hearts: study with transesophageal pulsed Doppler
echocardiography. J Cardiogr 1991;21:75-88.

Keren G, Meisner JS, Sherez J et al. Interrelationship of middiastolic mitral valve motion,
pulmonary venous flow, and transmitral flow. Circulation 1986;74:36-44.

Appleton CP, Hatle LK, Popp RL. Relation of transmitral flow velocity patterns to left
ventricular diastolic function: new insights from a combined hemodynamic and Doppler
echocardiographic study. J Am Coll Cardiol 1988;12:426-40.

Appleton CP, Hatle LK. The natural history of left ventricular filling abnormalities:
Assessment by two-dimensional and Doppler echocardiography. Echocardiography
1990;9:453-62.

Ommen SR, Nishimura RA, Hurrell DG et al. Assessment of right atrial pressure with 2-
dimensional and Doppler echocardiography: a simultaneous catheterization and
echocardiographic study. Mayo Clin Proc 2000;75:24-9.

Riggs TW, Rodriguez R, Snider AR et al. Doppler echocardiographic evaluation of right
and left ventricular filling in normal neonates. J Am Coll Cardiol 1989;13:700-5.

Harada K. Role of age on transmitral flow velocity patterns in assessing left ventricular
diastolic function in normal infants and children. Am J Cardiol 1995;76:530-6.

Harada K, Suzuki T, Tamura M et al. Effect of aging from infancy to childhood on flow
velocity patterns of pulmonary vein by Doppler echocardiography. Am J Cardiol
1996;77: 221-4.

Pearlman JD, Triulzi MO, King ME et al. Left atrial dimensions in growth and
development: normal limits for two-dimensional echocardiography. J Am Coll Cardiol
1990;16:1168-74.

Abhayaratna WP, Seward JB, Appleton CP et al. Left atrial size: physiologic eterminants
and clinical applications. J Am Coll Cardiol 2006;47:2357—63.

Lang RM, Bierig M, Devereux RB, et al. Recommendations for chamber quantification. J
Am Soc Echocardiogr 2005;18: 1440-63.

Bruch C, Schmermund A, Marin D et al. Tei index in patients with mild to moderate
congestive heart failure. Eur Heart J 2000; 21: 1888-95.

Dahm JB, Kuon E, Vogelgesang D, et al. Doppler echocardiography in dilated
cardiomyopathy: Dias tol ic and combined systolic/ diastolic parameters offer more
detailed information on left ventricular global dysfunction than systolic parameters. J
Clin Basic Cardiol 2002; 5: 189-192.

Thomas JD,Weyman AE. Echo Doppler evaluation of left ventricular diastolic function:
physics and physiology. Circulation 1991; 84: 977-90.

Tennenbaum A, Motro M, Hod K, et al. Shortened Doppler-derived mitral Awave
deceleration time: An important predictor of elevated left ventricular filling pressure.
JAm Coll Cardiol 1996; 26: 700-705.

74



69.

70.

71.

72.

73.

74.

75.

76.

17.

78.

79.

80.

81.

82.

83.

84.

85.

Tennenbaum A, Motro M, Hod K, Kaplinsky E, Vered Z. Shortened Dopplerderived
mitral A wave deceleration time. An important predictor of elevated left ventricular
filling pressure. J Am Coll Cardiol 1996; 26: 700-5.

Fruhwald FM, Watzinger N, Schumacher M, Zweiker R, Pokan R, Klein W. Extent of
diastolic dysfunction correlated with subjective impairment of physical capacity in
dilated cardiomyopathy. Dtsch med Wschr 1997; 122: 845-8.

Assessment of Global Left Ventricular Function in Normal Children and in Children
with Dilated Cardiomyopathy Genjyu Eto, MD, Masahiro Ishii, MD, Chuwa Tei, MD,
FACC, Takahiro Tsutsumi, MD,Teiji Akagi, MD, and Hirohisa Kato, MD, FACC,
Kurume and Kagosima, Japan

McMahon CJ, Nagueh SF, Eapen RS, Dreyer WJ, et al. Echocardiographic predictors of
adverse clinical events in children with dilated cardiomyopathy: a prospective clinical
study. Heart 2004;90 (8):908-915

Evaluation of a Doppler Echocardiographic Index Of Global Ventricular Fundtion In
Dilated Cardiomyopathy Sohaib Ahmad,MD; M.U. Rabbani, MD,DM; Nadia
Shirazi,MD

Felker GM, Thompson RE, Hare JM, et al. Underlying causes and long-term survival in
patients with initially unexplained cardiomyopathy. N Engl J Med. 2000;342:1077-84.
Yeh ET, Bickford CL. Cardiovascular complications of cancer therapy: incidence,
pathogenesis, diagnosis and management. J Am Coll Cardiol. 2009;53:2231-47.

Legha SS, Benjamin RS, Mackay B, et al. Reduction of doxorubicin cardiotoxicity by
prolonged continuous intravenous infusion. Ann Intern Med. 1982;96:133-9.

van Dalen EC, van der Pal HJ, Caron HN, et al. Different dosage schedules for reducing
cardiotoxicity in cancer patients receiving anthracycline chemotherapy. Cochrane
Database Syst Rev. 2006;4:CD005008.

Von Hoff DD, Layard MW, Basa P, et al. Risk factors for doxorubicininduced congestive
heart failure. Ann Intern Med. 1979;91:710-7.

Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a monoclonal
antibody against HER2 for metastatic breast cancer that overexpresses HER2. N Eng J
Med. 2001;344:783-92.

Goethals I, De Winter O, De Bondt P, et al. The clinical value of nuclear medicine in the
assessment of irradiation-induced and anthracycline- associated cardiac damage. Ann
Oncol. 2002;13:1331-9.

Hequet O, Le QH, Moullet I, et al. Subclinical late cardiomyopathy after doxorubicin
therapy for lymphoma in adults. J Clin Oncol. 2004;22:1864-71.

Ryberg M, Nielsen D, Cortese G, et al. New insight into epirubicin cardiac toxicity:
competing risks analysis of 1097 breast cancer patients. J Natl Cancer Inst.
2008;100:1058-67.

Fumoleau P, Roche H, Kerbrat P, et al. Long-term cardiac toxicity after adjuvant
epirubicin-based chemotherapy in early breast cancer: French Adjuvant Study Group
results. Ann Oncol. 2006;17:85-92.

Chatterjee K, Zhang J, Honbo N, et al. Doxorubicin cardiomyopathy. Cardiology.
2010;115:155-62.

Jones AL, Barlow M, Barrett-Lee PJ, Canney PA, Gilmour IM, Robb SD, et al.
Management of cardiac health in trastuzumab-treated patients with breast cancer: updated

75



86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

United Kingdom National Cancer Research Institute recommendations for monitoring. Br
J Cancer 2009;100:684-92.

Seidman A, Hudis C, Pierri MK, Shak S, Paton V, Ashby M, et al. Cardiac dysfunction in
the trastuzumab clinical trials experience. J Clin Oncol 2002;20:1215-21.

Suter TM, Procter M, van Veldhuisen DJ, Muscholl M, Bergh J, Carlomagno C, et al.
Trastuzumab-associated cardiac adverse effects in the herceptin adjuvant trial. J Clin
Oncol 2007;25:3859-65.

Pai VB, Nahata MC. Cardiotoxicity of chemotherapeutic agents: incidence, treatment and
prevention. Drug Saf 2000;22:263-302.

Ayash LJ, Wright JE, Tretyakov O, Gonin R, Elias A, Wheeler C, et al.
Cyclophosphamide  pharmacokinetics: correlation with cardiac toxicity and tumor
response. J Clin Oncol 1992;10:995-1000.

Steinherz LJ, Graham T, Hurwitz R, Sondheimer HM, Schwartz RG, Shaffer EM, et al.
Guidelines for cardiac monitoring of children during and after anthracycline therapy:
report of the Cardiology Committee of the Childrens Cancer Study Group. Pediatrics
1992;89:942-9.

Meinardi MT, van der Graaf WT, van Veldhuisen DJ, Gietema JA, de Vries EG, Sleijfer
DT. Detection of anthracycline-induced cardiotoxicity. Cancer Treat Rev 1999;25:237-
47.

Maiello M, Sharma RK, Ciccone MM, Reddy HR, Palmiero P. Early diagnosis of cardiac
toxicity related to antineoplastic treatment. J Cancer Ther 2011;2:161-6.

Monsuez JJ, Charniot JC, Vignat N, Artigou JY. Cardiac side-effects of cancer
chemotherapy. Int J Cardiol 2010;144:3-15.

Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, et al.
Recommendations for the evaluation of left ventricular diastolic function by
echocardiography. J Am Soc Echocardiogr 2009;22:107-33.

StoddardMF, Seeger J, Liddell NE, Hadley TJ, Sullivan DM, Kupersmith J. Prolongation
of isovolumetric relaxation time as assessed by Doppler echocardiography predicts
doxorubicin-induced systolic dysfunction in humans. J Am Coll Cardiol 1992;20:62-9
Marchandise B, Schroeder E, Bosly A, Doyen C, Weynants P, Kremer R, et al. Early
detection of doxorubicin cardiotoxicity: interest of Doppler echocardiographic analysis of
left ventricular filling dynamics. Am Heart J 1989;118:92-8.

Tassan-Mangina S, Codorean D, Metivier M, Costa B, Himberlin C, Jouannaud C, et al.
Tissue Doppler imaging and conventional echocardiography after anthracycline treatment
in adults: early and late alterations of left ventricular function during a prospective study.
Eur J Echocardiogr 2006;7:141-6.

Ganame J, Claus P, Uyttebroeck A, Renard M, D’hooge J, Bijnens B, et al. Myocardial
dysfunction late after low-dose anthracycline treatment in asymptomatic pediatric
patients. J Am Soc Echocardiogr 2007;20:1351-8.

Ho E, Brown A, Barrett P, Morgan RB, King G, KennedyMJ, et al. Subclinical
anthracycline- and trastuzumab-induced cardiotoxicity in the longterm follow-up of
asymptomatic breast cancer survivors: a speckle tracking echocardiographic study. Heart
2010;96:701-7..

Kim WH, Otsuji Y, Seward JB, Tei C. Estimation of left ventricular function in
right ventricular volume and pressure overload, Detection of early left ventricular
dysfunction by Tei-index. Jpn Heart J 1999; 40: 145-54

76



101. Eidem BW, Tei C, Leary PW, et al. Nongeometric quantitative assessment of
right and left ventricular function: myocardial performance index in normal children and
patients with Ebstein anomaly. J Am Soc Echocardiogr 1998; 11: 849-856

102. Dujardin KS, Tei C, Yeo TC, et al. Prognostic value of a Doppler index
combining systolic and diastolic performance in idiopathic dilated cardiomyopathy. Am J
Cardiol 1998; 8: 1071-6.

103. Williams RV, Ritter S, Tani LY, et al. Quantitative assessment of ventricular
function in children with single ventricles using the doppler myocardial performance
index. Am J Cardiol 2000; 36: 1106-10

104. Bruch C, Schmermund A, Martin D, et al. Tei-index in patients with mild-to-
moderate congestive heart failure. Eur Heart J 2000; 21: 1888-95
105. Assessment of Global Left Ventricular Function in Normal Children and in

Children with Dilated Cardiomyopathy Genjyu Eto, MD, Masahiro Ishii, MD, Chuwa
Tei, MD, FACC, Takahiro Tsutsumi, MD, Teiji Akagi, MD, and Hirohisa Kato, MD,
FACC, Kurume and Kagosima, Japan

106. Usefulness of the myocardial performance index for assessing left ventricular
function in patient with dilated cardiomyopathy DING Jiandong LU Fengxiang XU Di
CHEN Li YONG Yonghong WU Wenxia ZHOU Lei (Department of Cardiology, the
First Affiliated Hospital of Nanjing Medical University, Nanjing 210029)

107. Serum Uric Acid Correlation with Echocardiographicindices in Children with
Dilated Cardiomyopathy Noor Mohammad Noori, MD1, Shahrokh Rajaei, MD2
108. Serum Uric Acid in Children with Dilated Cardiomyopathy in Basra:An

Echocardiography Study Dr. Sawsan Issa Habeeb Pediatric Department, Basra Medical
College, Iraq

109. Doppler Echocardiography in Dilated Cardiomyopathy: Diastolic and Combined
Systolic/Diastolic Parameters Offer More Detailed Information on Left Ventricular
Global Dysfunction than Systolic Parameters Dahm JB, Hummel A, Kuon E, Voelzke H,
Vogelgesang D

110. Value of the New Doppler — Derived Myocardial Performance Index in Predicting
Subclinical Cardiotoxicity in Children Treated with Anthracyclines M. Y. Aarabi MD, A.
Shahmohammadi MD, P. N. Davari MD, M. Meraji MD, A. Tabib MD and H.
Mortezaeian MD

111. Assessment of Early-Onset Chronic Progressive Anthracycline Cardiotoxicity in
Children: Different Response Patterns of Right and Left Ventricles Abdullah Kocabas, ¢
Firat Kardelen ¢ Halil Ertug™ « Bilge Aldemir-Kocabas, ¢« O" zgur Tosun ¢ Akif
Yes,ilipek ¢ Volkan Hazar « Gayaz Akc urin

112. Evaluation of myocardial functions in children receiving anthracyclines. Authors

Yozgat, Y.: Okutan, V.: Kiirekci, A. E.; Atay, A. A.: Karaarslan, U.: Lenk, M. K.: Ozcan,
O. Journal Izmir Dr. Behget Uz Cocuk Hastanesi Dergisi 2013 Vol. 3 No. 3 pp. 191-197

77


http://www.cabdirect.org/search.html?q=au%3A%22Yozgat%2C+Y.%22
http://www.cabdirect.org/search.html?q=au%3A%22Okutan%2C+V.%22
http://www.cabdirect.org/search.html?q=au%3A%22K%C3%BCrekc%CC%A7i%CC%87%2C+A.+E.%22
http://www.cabdirect.org/search.html?q=au%3A%22Atay%2C+A.+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Karaarslan%2C+U.%22
http://www.cabdirect.org/search.html?q=au%3A%22Lenk%2C+M.+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22%C3%96zcan%2C+O.%22
http://www.cabdirect.org/search.html?q=au%3A%22%C3%96zcan%2C+O.%22
http://www.cabdirect.org/search.html?q=do%3A%22I%CC%87zmir+Dr.+Behc%CC%A7et+Uz+C%CC%A7ocuk+Hastanesi+Dergisi%22

