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Taugariu

TrgUszasrvensive: AnvnavessnafivdadildsnwinziSusuungy anthracycline

fun1sauveaiilanesansrinlay Tonswasuslassearnisimasunveasauniilabasaatalueie
ladusn anedudseazviouiila

/N5AnY: WSEUBUNSYNaUYRaTRIa19Y RENISASIINAULEREE DU Lo LY
v A v aa o 1 & 2 v ' UV Yo Ao W .
QU%Elemum'iamam’]Lﬂumsmmuu ﬂa‘uLLawaqlmummewmqm [cyclophosphamide (600
mg/m2)+adriamycin (60 mg/m2)] AU 4 58U

KansAnyTATe: 1ngtaediAnw 100 518 iWumandgaimun wasfiongiade 51210 T
Wisuiisunsvhanuvesialavesansui Ingldrdudesasiouilaneuuazndslieaivivansy
wuiiimsanasessyermsinasuivenawilalnsiataluraailadusi (ticuspid annular plane
systolic excursion: TAPSE) agnsiltudAgn9ana (22 + 3 AU 20 = 3.0 mm, p < 0.001) uenanil
Faiwdwmesadudsazviourilavesnisinuiilakearswindy Afinisudsuwlatediad
TodfmeanaTouiioutousarndsldsusnaivitnasu fal risht ventricular fractional area
change (56 +9 v 50 +11 %, p < 0.001), peak systolic tricuspid annular velocity (S’) (13 + 2 fiu
12 + 2 mm, p < 0.001), tricuspid E/A ratio (1.4 + 0.4 iU 1.3 + 0.3, p < 0.001) , tricuspid e’ (10.9
+ 2.8 AU 10.0 + 2.3 cm/s, p < 0.001) waz Tissue doppler right ventricular Tei index (0.28 + 0.18
v 0.36 + 0.17 ,p <0.001).
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# # 5574190630 : MAJOR MEDICINE

KEYWORDS: CHEMOTHERAPY / ANTHRACYCLINE / BREAST CANCER / RIGHT VENTRICULAR
FUNCTION / TISSUE DOPPLER ECHOCARDIOGRAPHY / TRICUSPID ANNULAR PLANE SYSTOLIC
EXCURSION

ARTHIT THONGTHANOMKUL: EFFECT OF CHEMOTHERAPY FOR BREAST CANCER ON
TRICUPID ANNULAR PLANE SYSTOLIC EXCURSION (TAPSE). ADVISOR: SARINYA
PUWANANT, M.D., CO-ADVISOR: ASSOC. PROF. VIROTE SRIURANPONG, M.D., ASST.
PROF. SMONPORN BOONYARATAVEJ SONGMUANG, 48 pp.

Backgroud: Although left ventricular dysfunction associated with anthracycline
therapy has been well established and widely studied. There are paucity and controversial

data pertaining right ventricular dysfunction after anthracycline therapy.

Objectives: To assess the effects of anthracycline therapy for breast cancer on right

heart echocardiographic indices

Methods: Echocardiographic data of 103 patients with diagnosed breast cancer who
received AC protocol [cyclophosphamide (600 mg/m2)+adriamycin (60 mg/m2)] were
analyzed before the onset of the chemotherapy (D1) and after completion of four cycles of
the regimen (D2).

Results: Of 103 patients, the mean age was 51+10 years, and all were female.
Compared with baseline RV systolic echocardioghic parameters (D1), tricuspid annular plane
systolic excursion (TAPSE), fractional area change, and peak systolic tricuspid annular velocity
(S”) were significantly decreased (22.2 £3.2 vs. 20.0 £3.0 mm, p < 0.001; 56 +9.4 vs. 50.0 £11.0
%, p < 0.001; 13.1 +2.1 vs. 12.1 £1.8 mm, p < 0.001 respectively). Compared with baseline RV
diastolic echocardioghic parameters, tricuspid E/A ratio and tricuspid e’ were significantly
decreased (1.4 + 0.4 vs. 1.3 = 0.3, p < 0.001; 10.9 = 2.8 vs. 10.0 + 2.3 cm/s, p < 0.001,
respectively) while TV E deceleration time, hepatic venous velocities, and right atrial volume
index were not significantly different. RV Tei index was decreased after chemotherapy (0.28 +
0.18 and 0.37 + 0.17 ,p <0.001).

Conclusion: RV systolic, diastolic and global function was significantly decreased
after chemotherapy for breast cancer.

Department: Medicine Student's Signature .
Field of Study: Medicine Advisor's Signature .
Academic Year: 2013 Co-Advisor's Signature .

Co-Advisor's Signature
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1.1 anudrAguaziunvesdeyynin1side (Background and Rationale)
gueivrdanldlunisshwdiisuzsasunludagiuivsesdninmgauazli

¥ o w

nanssnwfumela  uadediinvesnsidenalitniansnensisaiuy  fe Ruresyuy
Y] &4 A a & | 1% & o A4 A v oo Y]

wla Felivisuuuiealussesdu (short term) wu nanuilelavsedevuiilasnay (
myocarditis and pericarditis) %38 WalaAURAYIIY (cardiac arrhythmia) %50 n1sduda
Yo laresdneas(left ventricular systolic function) anas wazluulinlusseze (long-
term) WU nsvinuveslanesdieais (left ventricular systolic function) NanasauLia

o v d’l U
wilaaunailsess

Jagtuiinmsinwmadnaudeswesenaiiiiinsnuuzisasuuionisyinuresiila
Tnaanziilaviesdaas(left ventricular  function) 1udwaumn usnsfnwifianis
yhauwesilavesyinans (rght ventricular  function) Tufthedlésusnaiivdadsiios
warkan1sAn¥INITIIuYewlaiesaa(right ventricular function) Iuﬁﬂaaﬁlﬁ%’um

WHUIUASIE AUk

Tutagtudilsifdeyants wermsallselugthenldsusnaivhdauasinisiauves
wilaesvnars (right ventricular  function) Reun@  AsAnwIneInsallsARIng?
fé’wLﬁué]’aqmé’i’a%auuaLﬁaaéfwaqm'ﬁﬁmsnwasuaqmLﬂﬁﬂwﬁ’m%’ﬂmmL%qw’fmmmmsﬁwm
Y99EIlaNeIIaN (right ventricular function) AewinlitedAyvseld agelsuaznuuss
Wedla LLaﬂ%’miﬁﬂmﬁLﬁumﬁzq (identify) Q’ihaﬁﬁmsﬁwmmaqﬁ’ﬂaﬁawméN (right

ventricular function) RaunAaneasiv1Ts Wisldlun1sdnwinadnsuazneinsallsasaly

a vaad |1

n15ian1svinauves RV JagduanansavilalaenisnsianieiesljUamssneg awn

=

Y d -] Y a a s a Y A o v Y] ° y)
nMInTansAauLlvaniii nmsnsiameiuedes wiensldrdudsasiouiila dmsu
nsAnwiinIdeiienUseiiunsviuyesialaviesynas (right ventricular  function)
b2 4‘ =) ¥ CY £ %4 dldd‘ 1 « d‘
msnanInaudssazviowilalagld  parameter TR “msdsuntasszeznis
wasunvensduilalasaalaludisiiladuin” u3e Tricuspid Annular Plane Systolic
Excursion  (TAPSE) ilesanniduisilidudou ludesnisinsesionsiafivay waziininuy
AaaLAGaulun1sIRglee (low interobserver variability) UagUuiin1sAinwiuinndn 40

= = Y o A v o = ! &4 o oA Y] Y]
NSANEITITMUAMUTZTININLITWANY 11AAd1 2000 AW BuduAeadunisin ng

wWasullasszuzmsadounvesiauimlalasradalugisiladud  (Tricuspid  Annular
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Plane Systolic Excursion: TAPSE

! . . . al i [ ¥ o a s17
9@ (right ventricular  function)lag3sou  linasidunisesianiesdiindes
(radionuclide angiography) %38 n1sAsIaMmeAauUUlranini1 (magnetic resornance

imaging)

1.2 A101UYBIN15I9Y (Research Questions)

1. Primary research question
guafitUaildsnvussaduneia Anthracycline viliinnsiasunlassyaznis
aeufivensauinlalnsiadaluraeiladui (Tricuspid Annular Plane Systolic
Excursion : TAPSE) visal

2. Secondary research question
2.1)  fthdadeseglsivhlinsldonadividnsnvussasuundwilidnisiau
0911091874 (Right ventricular function) Raun@
22)  pupdtidadildsnuusdadiuaeda  Anthracycline vilsfinsilaeuunyas
Echocardiographic parameters #ldUseiiunsviauresiilafosunans (right

ventricular function)fndunssl

1.3 InqUszaeAvaIN1338 (Objectives)
A, WSsugunisilasullasssesniseasunvassduiilalaseavalutieiiladu
§ (Tricuspid Annular Plane Systolic Excursion : TAPSE)Aaukaznaslwenaiiuidnsnw

1215 LA1 U

2. mf]a%’sﬂﬁﬂﬁﬁﬂaaﬁi%mmﬁﬂwﬁ’m%’ﬂmmL%quﬁmuLLé”sLﬁmmim%auLLUmmi

\MABUNYeINAUMLalnsAadaludslaTus

. Wisuisuseey Echocardiographic parameters lguUsziiiun1svingiuaes RV

fau naulaznasl At ITnsn LIS AL

1. mAnuynvesUIeninsinuesiilaviosynans (right ventricular function)

RaUnAnaInIstasuanaliviUn



1.4 du3Ag1un15338 (Hypothesis)
Ao o oy Yo < 4 [ b4 d' A Y U a ]
guadudanldsnuussaduuiissesmaefeunvensduwiilalnsAatalugg

Wiladu@(Tricuspid Annular Plane Systolic Excursion : TAPSE)anas

1.5 NSDULUIAMUAATIUNTSIAY (Conception framework)

ffadgannislssiiumag

pAARNATTIauTR LAY £

ffa’enismalea Wiy srazUng

L3I TUATIRINZLT

s 139 LATRINAMTIA

& v o
PAUIALNAZTIRUTD A

1
o aa

IsAlgzaNFNNNAfaNT
N ULBITR 1ATRITIN AN 1T
3p1anEa5a nMozANAuly

Uange Az laliunndanay
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Tade AN UN195NE

A\ 4

nIINTesialatinsanean | .
1BunaueeitnTa a5y

Wming (Right ventricular J .
N1TINNTINAL LTUTNRATNEN

dysfunction)

A 4

1 ! v
mmmmmmﬁ‘w:mamﬁ@uﬁmmw'ﬁuﬁﬂ@

o

ImsAatlaludqaeialaliusa (Tricuspid Annular

Plane Systolic Excursion : TAPSE

1.6 dannaalasfiu (Assumption)



1.7 msliAflenangeufianleluniside (Operational definition)
nsviuTeslaiesranilnund (Right ventricular dysfunction) #unaga

TAPSE < 16 1aawAs 1Aggannun I ue9duALAAULEEadE o UM lave986I3n116

nsinuresmlaresigasinunfainansalieeivntn Left ventricular
systolic dysfunction 884 A158AT left ventricular ejection fraction (LVEF) anas
mnnSesay 10% naiialdneulionaividauas M left ventricular ejection
fraction (LVEF) taaninsesay 55 (@amnuinaus National Cancer Institute (NCI) clinical

toxicity criteria , version 2.0

12159 WUUSYEY advanced Maned ugSuAUNAuA stage B FulU mu TNM

staging

1.8 An1sandunisidelaegs

[ £ V1 < ke Y] dll = 4 LY ! [ Y
L vhnmshumgenssamunilasunisesanfuidesasieuidls  neulasnaslasy
gualintn Mdunaeilun1side lngAumaingudeyariesmianiuidesasiowiila
2. Audeyaluvesiidiinaeiniside Inevhnsduduannessleowdtie uag 910

uteyanauiilmes vadlsame1ua

3. amvihnuvesilaesndan  udeyanauidesasieuilavedsameua
#e TUswn3U Echo PAC wazymsiiuaimsfimesiivale nouazndsiusaivicn

4. deya LAz imesiials udese ienAuLANANeINSYTNuYeT
Wilaroswnasneunazndslasueaiivhdn wardadudosivilinisieuvesiilavesn
a19AAUNG

1.9 YaWNAI5UINT1UZ8555Y (Ethical consideration)
nsAnwIRneyan1InTIIRAUAar oWl lueAnvewElinsnldY  uNiinsen
lifinsneiden vsedwmsiuRy vinlvldneliianadnufsadudunsie vse SUNIURD

ALU93dY



1.10 9231NAN19N15938 (Limitation)

¥ ¥ o W lﬁl = =

ETDINAEBITEaZNAlUN1TY NI R9Fnw IebieanadnuAgaraseaiit 1 Unme
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Wilalusvegdu(subacutecardiotoxicity)  winliu  Lilanunsadnnudeyaiisdoyassezeny

( chronic cardiotoxicity) la @eiinudrAmenensallsa

o

1.11 wavisaUselevuiianinazlasu (Expected benefit and application)
nsEnetidun1sAnE AT AR U N LS NELZIS AAIULADN1TYNUY TR
v | P P Ao v oy = ° A A ) e =
venan FudunsAnwinddudidrsud@nsduunndiedisuiunsfinuluedn wa
INNSANYIT e vInteasds  enAdvITR NS NELZiSAALLYinlRN1sYINeuYeY
Wlaeanaiinunfasasell  wasmsfinwlanunsasey (dentify) FUaeiinigyinau
Yosiilaneswnandaund  (Right ventricular dysfunction)  a1ngadivrdaiiieldlu

AsEnwINaaNsSwaznensallsasall
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gUANMsalnsiauzsuiutluresUsenalnglud w.e2539 Ussuna 17.2 ausauszens
100,000 A’ waziiuunltiuagifisanniy luunsituiivesssmelny mﬁué’muﬁqﬁ’amizﬁﬁ
gannIuzsUINuegnRL NTIMNEUAT gURNIsalveBS AL 25.5 Wesldud uay

ek

i I 2
TuvauziiuzissnungniatAnisal 20.9 Wesidus
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= a a a

A o o Al [ v < £Y Y] 2/ [ d'
guadvndanldlunsshugdisussaiuilutdqiuiivssansamnauaslvnanisinui

Unela winsldenadivridanldsneussamiuuitesnds s Aunlinaszuuiila @
annsaiinlaluszeza1dudu (short term) Wy naanileralalmyocarditis) vivelgevi
Wiladniau ( pericarditis) WalawiuRndsmaz (cardiac arrhythmia)vse nistudvesiila
Nosg18a19anas (decreased LV systolic function) wagluuiinluszegiian g13(long
term) WU N1591N91UYe9 LRI 18a19NanaIRU N AR laaNa NS5 1i99aIn
o 2 v ) v ) aa a v v Ana

HamMssnwnzsaiundagtu Winan1sshwna lesanzlussesudu dUiwaunsolidin
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wiv1Te WuReldaiunsaWuauld (ireversible) aztinuNTULUSINUUS LU azaud
195U (cumulative dose relation) A15ASIIRANIUNITYINNUVDIAI LANDULAL A LAEN

a o w = a o =3 [l a 3
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a 1 Y

Jadudsonisifinnneiiwionlaaneuaiividn  Iladevaiwegeiinetes
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a AV v a1 W a 1 I « Yo ] 2
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a | ' P a 2 =
way WuegeTInsudunnnnii 18 wWesidud Weusuimenayeu 551-600 mg/m” 3adu

a

i ° 9 Y a aa 9 Y a 2 Y] y 1
Mnvesnsuuzdlibiviinaueazauvesfonlegiau WAy 500 me/m” Jaduidusdus

fina wiu 21ga1nn31 70 U, wWulseenuduladingeediay, n1sidulsady, nisilulseiilesg

&

[

WU LU AUIILDS Y98 nanulaiilavinden vie wlawuRadsng, Mswmeaielasused



YIS UNTNENUNNBU TAgaNILad19BIUS naLd UL UGy Faduusiiuvesiala, ns

Vo o v a ! U 6
lasueaiivrtananayingiuiu

Tnsuldussiiumsvihnuvesilaieyssiliunatiufsaeseiaiviaiutagdu

A o v Y . < ~ a v &
nsnTIvRaUIdENasieuesialalechocardiogram)  tWunsasianiamsauseiiiulang
AMNENsansiuRazAaefivesiala(systolic and diastolic function) N13iANTS
WasuwUadlunseanesvesidladunisianisiaeuwlamwewilanfinuligean aunse
ﬁ'@l@ﬂugﬂuuu E/A ratio ( peak early atrial/ peak atrial late velocities) uazinalindue
N3350 early diastolic, strain and strain rate Yagtumsldadudssazviounes
Y] A o ) ) | ) Y N o o & aa Aa v N |
Wlaeinnisdvimvesilaludnnisinwmeniividaduisnsesanfelduinian

NsnTIRTs AN UUSEAUNSalvesdinsasialuiesUfuRnisuaznisuUana

NIATIIMIESIETIAAYS (radionuclide angiography, MUGA scintigraphy) Junis
aramstuivesilalegldansindes awnsansinals warliduiugiins asaa
MUGA scintigraphy derfumnasgiulunisasianmsiauvesiilagiunisasisniuagyion
= Y] 1Y o @ A I a d‘ = < 2 % E Y 1
@eosihla widadninfe Tdaunsausesidunisasunlaaiisadntssvesnauiilolals,

lanusanmianisaamevewinlala wae guielesuansSediandes

nsnTarauliiiila (electrocardiography) W@unisasiafivilade s1aildume awnse
Usziunisuhlihwesialandaungle wu repolarization , QT prolongation way A1zl
wlavhauraUn@le (cardiomyopathy) wsinangiunislamauluiilalunisussdiung

LY

INBAYINALUNUAADUTNUDY LWIILAUTBNIZADUTIIA

nsasralamenauuduaniii (cardiac magnetic resonance imaging)  1u35n15%
Wetelalazanunsaviglalunisuszliulassaiemsinauresila fusrasaiontag
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3.1 3UuUUN15338 (Research design)

Analytical study

Na o

3.2 521081757938 (Research methodology)

Uszy1ns (Population) uazs1a814 (Sample)

'3 o = 4 = . . .
LNEUNNI5ANLABNLYINANYI (Inclusion criteria):

AVEJeeny annnivIewiniy 18 U

ECOG 0 e 1
TasunstudumesnanianegnsinduugiSadiu
fimsvhauvesilaesivaseglunaeiung (LVEF > 50%)
finsvinuveslunsegnaglunuaiung

(Hb> 10mg/dl, ANC > 1,500, platelet > 100,000)

6. fmsianurastlneglunaaiun@ ( CCr> 50 mi/min)

AR

Lﬂm“ﬁﬂ’ﬁﬁﬂLaaﬂ@@ﬂf\]’]ﬂﬂﬂiﬁmﬁﬂ (Exclusion criteria) :

—_

weldFuen Anthracycline snAeunisanend

2. Tsahle wu Wilavadon, hlane, aumleinundiideinistaeu, W
Taguinsanziviliinensiaunf, ﬁifﬂusziaaL?J'aﬁuﬁﬂammmﬁﬂ
o1sinUnd eeianiziilaviaidenidl Q wave, videdimnuiiuainenys
wnslsamladnfinnzlaniznis Fldmnzautunislidendidnasonis
MuTeIla

3, I’iﬂmméfuiaﬁmqqﬁhjamwsamuauié’ (Diastolic pressure >100 mmHg
or Systolic pressure > 200 mmHg)

4. Tsalenieswideruduvesiilatewinaswaytui (right ventricular
systolic pressure) 111NN 40 mmHg.

5. faAsss
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a01uNIn1539¢

L5sang1u1agRIaeNsal

3.3 msliiddemdefiaildlunside

nsuvesnlaieswailinun® - (Right ventricular dysfunction)
vnefia TAPSE < 16 fadiuns tneBanunasivasauinundudssasriouiloves
au3n

nmsauvesnlaiestivaiaunianannmsallrenadvitn Left
ventricular systolic dysfunction #uneRs n1siAT  left ventricular ejection
fraction (LVEF) amaaunnnindesay  10% ainendidaldneulienaiivhtauas
left ventricular ejection fraction (LVEF) wesnindoway 55  (Gannuineus
National Cancer Institute (NCI) clinical toxicity criteria , version 2.0

uwi5e Wunszey advanced el updaiuudus stage 1B TulU Ay
TNM staging
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3.4 N1SATUIUIUINAIBES

au A a Y} a o o v i A o ¥
Adetidunmsianiswisuwdaimvinuvesinlaewnalagafuidesas iou
Wlandalasugnaiunda
AIUIAINTWINAIEUTTANANYIAUUANANNTENIN 2 nau Nldidudasseaiu
NGNS
Y

N = (Zay,+ 2p)'0°
d2
VAN 2 2
o’= 02+0}?-2r0.0,

Tnefisvun
O = 0.05, Zqg, = 1.96 (two tail)

Power 90%, 3 =0.1,Zg = 1.28

r=0

= - 15 Y = o 9 1 i
INNTANYY  Asli LhazAUY Tansivasuilasveensinauresilanesrnaislag

AAULAsIEEN U lanauLariad lneLATIUNUALAE a1l 10mes TAPSE F9imnuwmnmig

o w a

pg1iidpdAynsedia azla

m g, = 02 , O 1 = 024

dl o 1 v v o % 1 v 1 -
diotelunulugnstnaduasdnuninimegalauintu 26 au
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3.5 Ava U153y
1. vhnsfunitisusfadundldsumsnsendudesasyiouwile  Aeunazmdsldsy
puafitidn  Adunasilumside Teefumangudeyariesmsiandudesasvion
wla
2. \uteyarluvesiiidinasinside Taevinmsduduannsadeudithe uaz 91
Futeyanauitined vadlsangiuia
3. fammhawveshilaviownanin  pudeyardudsarviouiilavedsmetuia
¢he TUsunsu Echo PAC  uagvhmsfiusmmsifiwesiinld neuwazndssuenadl
U
a. thieya wazAmnIIeesAIald wles1et iemAILANKNIEINTIaIYES
wlavenasnouuasndaldsvenadvidn  uazdadeidssivilinisyhenes
Wlanesraniaunf
nsfiunmedudesasiiouile vilasndewnsandudesasiounla Vivid 7 2ed
USSM GE medical systems #ewingianad 2.5-3.5 MHz wazrUagegluvi
arumsdne unmlng Wwhiunmedudssasieouiila 1 au uag wind 1 Ay
Tnewffunn 3 Somemsiuresils lnadunmeegfed
® 2D of SAX MV, SAX Papillary, Apex
* 2Dof 4CH LV, 2CH LV, 3CH LV
® 2D of RV including RV free wall
¢* TRCW, PR CW
* RVOT PW
®  Tricuspid inflow
®* TAPSE (M-Mode)
® TDI of lateral tricuspid annulus
® Hepatic vein/SVC
® Sub costal RV

®* |VC size M mode

3.6 NM1357UTIUYRYa (Data collection)

dinudeyaliun ganliunside way Sonographer loeiiudoyariluvedidnsin

[

av = X v a s v Y] N ao &
FYINNIVITLUYU EJJ‘U']EJLL@S i']uma%aﬂallwamas I@EJ‘U@N\]aVl'ﬂTJVH]%TJUT]N@J JU
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- ANUFULAYR
- INAS
[ I3 @ 2 I3
- ANWLVDINLLSI TLUTVBINLLST VUIAVBINDUNLLSS
a o o d' VYo
- YRR LA UNUAN RS U
- NMSSNENDU LU SIASAWT NNSHIAR

Toyan15VNNUVINNBIIIIEINNTATIVAAUHL A U TIUTININ
g1uteya Echo PAC Taghnsinmnsfiwesnneg laegaiiunisidewas Sonographer lng
mswuresiilaund awvinisin 3 asuilemAuady wionisinuvesilaraunfagyi

1579 5 ASY WieMALRaY

N1991N9UVBIM 1A 9UINA9INNITATIINAULEBIELT DU LA LAe TANI51 LMD S

Finge)Fiatl

The right ventricular systolic function

- Tricuspid annular systolic planar excursion (TAPSE)

- Peak systolic tricuspid annular velocity (Tricuspid S’)

- Right ventricular fractional area change (RVFAC)

The right ventricular diastolic function

- Tricuspid inflow (Tricuspid E, A and E deceleration time)

- Early and late diastolic tricuspid annular velocities (Tricuspid e’ and a’)
The right ventricular global function

- Right ventricular Tei index



* Used for measurement of RV
enlargement, RV wall thickness
and the RVOT dimension by 2D.
View is highly variable depending
on transducer angulation and the
rib interspace position from which
it was obtained. Therefore it
should not be the sole view to
evaluate RVOT size.

* Shows anterior RVOT in its long-
axis view with infundibular
segment. The pulmonary valve
and main PA are also visible.

* Used to measure pulmonary
annular dimension and to assess
pulmonary valve.

* Important view to assess
anterior/inferior RV wall and
anterior/posterior tricuspid valve
leaflets.

« Anterior and posterior papillary
muscles, chordal attachment, and
ostium of inferior vena cava
including the Eustachian valve are
visible. The coronary sinus (not
shown) may also be seen in this
view.

* TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

Parasternal short-axis of basal RV

* Shows the basal anterior RV wall,
RVOT, tricuspid valve, pulmonary
valve and RA.

* Normally used to measure RVOT
dimension in diastole.

* TRjet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam,

* Used to assess the interatrial
septum for shunts (particularly
patent foramen ovale flow just
posterior to the aortic root

Parasternal short-axis of bifurcation of the PA

* Used to assess the pulmonary
valve, pulmonary artery and its
branches.

* Used for measuring pulmonary
annulus dimension, pulmonary
artery size and for Doppler
measurement of the
infundibulum, pulmonary valve
and pulmonary artery.

* Proximal and distal RVOT
segments are also visible.

Parasternal RV short-axis at MV level

U tuaasnwitldlunisussdiunsvinauvasialariasudndie

function)

* Basal level of anterior, inferior and
lateral RV walls.

* Acrescent shape of RV is well
appreciated in this view.

* Septal flattening in systole or
diastole from RV volume or
pressure overload is often best
appreciated in this view,

* Valuable for initial assessment of
RV size, but cannot be used for
assessment of RV systolic function
due to the asymmetric nature of
RV contraction.

Parasternal RV short-axis at papillary muscle (PM) level

* Mid-level of anterior, inferior and

lateral RV walls are shown in this
view.

* Acrescent shape of RV is well

appreciated in this view.

Septal flattening in systole or

diastole from RV volume or

pressure overload is also clearly
seen in this view.

* Valuable for initial assessment of
RV size, but cannot be used for
assessment of RV systolic function
due to the asymmetric nature of
RV contraction.

Apical 4-chamber

Useful view for demonstrating

RV/RA size, shape and function.

* Used to measure RV maximal long-
axis distance, minor distances at
base and mid-level, RV area and
RV fractional area change. RA
major and minor axis dimensions,
RA area and volume are
commonly measured here.

* RV inflow, TR jet by Doppler,
tricuspid annulus excursion by M-
mode and RV strain by tissue
Doppler are also commonly
assessed in this view.

* TR jet parameters can be

measured in this view provided

the TR jet is parallel to the U/S

beam.

Recommended alternative to Apical
4-chamber to measure RV minor
dimension in basal segment of the
RV.

* Useful view for demonstrating
RV/RA size, shape and function,
with enhanced visualization of the
RV free wall.

« TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

RV modified apical 4-chamber

* This modified 4-chamber view
provides information about a
portion of the lateral RV wall and
oblique plane of the RA.
It should not be used
quantitatively to assess RA due to
its foreshortened and oblique
image angle and should not be
used for measurement of RV
dimensions
* It can be used to measure RV
inflow parameters and TR
parameters provided the TR jet is
parallel to the ultrasound beam.
* ASD and PFO flow can be assessed
with 2D and color Doppler

RV apical 5-chamber view

* Modified view to visualize the

anterolateral RV wall.

The moderator band is best

visualized in this view.

* TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

Apical coronary sinus view

* Modified view to visualize

posterolateral RV wall.

The coronary sinus is best

visualized in this view.

* TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

(right

15

ventricular

Ao, aorta; ASD, atrial septal defect; CS, coronary sinus; EF, ejection fraction; EV,

Eustachian valve; LA, left atrium; LV, left ventricle; MV, mitral valve; PA, pulmonary
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artery; PFO, patent foramen ovale; PM, papillary muscle; RA, right atrium; RV, right

ventricle; RVOT, right ventricular outflow tract; U/S, ultrasound.

U 2 uanen13invuIavaiilaiasuuYn

U 3 uanensinvuiavasaiana lugjduarsimdiialaiasuan
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U4 WAAINI3IN right ventricular fractional area change (FAC)

Percentage FAC = 100 end-diastolic area (AreaED) endsystolic area (Area ES)/end-diastolic area.
The endocardial border is traced in apical 4-chamber (A4C) views from the tricuspid annulus
along the free wall to the apex, then back to the annulus, along the interventricular septum at
end-diastole (ED) and end-systole (ES). Trabeculation, tricuspid leaflets, and chords are
included in the chamber. (Left) Normal subject, FAC 60%. (Middle) Moderately dilated right
ventricle (RV), FAC 40%, and a markedly dilated left ventricle (LV). (Right) Dilated RV, FAC 20%,

TRV =28 m/s

() 22 TR Vmax
Vmax 277 cm/s
Max PG 31 mmHg
+ TR Vmax
Vmax 280 cmis
Max PG 31 mmHg

U5 WaAIN15IA systolic pulmonary artery pressure (SPAP)

Spectral continuous-wave Doppler signal of tricuspid regurgitation corresponding to
the right ventricular (RV)-right atrial (RA) pressure gradient. SPAP was calculated as
the sum of the estimated RA pressure (RAP) and the peak pressure gradient
between the peak right ventricle and the right atrium, as estimated by application
of the modified Bernoulli equation to peak velocity represented by the tricuspid

regurgitation Doppler signal.



18

A

Tricuspid Inflow
Pulsed Doppler

i

RVOT
Pulsed Doppler

U6 LEA9NI5IA right ventricular myocardial performance index (MPI)

by pulsed Doppler (A) and pulsed tissue Doppler (B). The tricuspid (valve) closure
opening time (TCO) encompasses isovolumic contraction time, ejection time (ET),
and isovolumic relaxation time. In the pulsed Doppler method, TCO can also be
measured by the duration of the tricuspid regurgitation continuous-wave Doppler

signal. MPI = (TCO ET)/ET.



31 8 wanINIin

1L 2472 mm

Tissue Doppler of the tricuspid annulus

v -0.41 emfs

19

viem/s) -7.23
$+0.89 s




20

3.7 msamsenidaya (Data analysis)

AInTIeteya M gAniun1sidy

foyaiBanssaun szthiauslusuvesaiadeuasandoauumsgu vie luguves
A Sseguaunnamnzauvesteya dmiuiuusdeles awamageunsnsENeFLaY
ANUWUTUTIN Tpg Shapiro-Wilk Test edayaiinmsnszatediuni avthundIeuiiigunau
wazndsligiaiivrdnindianuwansaiuvielsl lag paired Student ttest f1deyaiinng
nszaemldund  aztueuiisunaulasnddlieadiviiaindinnuunnanstiuns ol
Tng Wilcoxon signed —rank test wazudsanntutheniildundisufuadnfinanasives
aunaundudssasiiouilavessunaenin wasvmdadeidesiiviiAnnsiaueesidla
WOINANAAUIAR 91A Univariate and multivariate analysis 1ngld log rank test and
the Cox proportional hazards model n1sAn¥IRINLAINLANANREETEE Y Loy
fvun p <0.05 Yeyadvgniuniiesienlaglusunsy Statistical Package for Social

Sciences (SPSS). ngsg’u 17
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4.1 Yayanugiu
P AV Yo = [ a gj A a Yo aa o 1 I <@
Adrelasunsfinuilumendganman 100 518 Mielasunsidadeinduusss
Wl waslanmardudssaziouilanouldsueeliintn  sspznaladenifinniuinnig
d‘ a 4 £y io’ . Y a o w A U ’J £y d' Y Q"
nyanawdesasiouilagmdilasuenaiividn fie 101 = 27 Ju dwminefevesUien
AnwiAe 59 + 12 fAlansu diuaale AB157+6 WURWAT WunHINeRiy Ao 1.6+0.2
WAT2 AMNAULAARTIS systole 1ady Ap 125+10 Taaasuson Anuaulaingy diastole
iy Ao 75x10fadlunsUsen  Snsimswiuvesilaaie fe 77 13 aswiewdl gUien
Anwdulngilunssuiuszezsuiy  I{leniluuzsusiuussesionswus b
UIWNIEY 10 AW 91N 100 AU {UIeAnwal ECOG performance status score iU 0
WU 52 518 war wihiu 1 9wau 48 918 dgUlenlasunmisiidanaulasueadividn
Fwau 50 18 lWgthenlasumsanesdnewdinisfing glhenidinisine a5y wuie

o w e . i aa o 1 2 .

V9981LALUIUR Doxorubicin tady 243+13 Hansusowns Lazwu1n Cyclophosphamide

aa o 1 2 a ) a
2,343 HANSURDLUAT  S18azL9YARY (MN519911)



M1319 1 uansdayaiugiuvedUlienfine1dnuiy

Y v
%

M98 100 AU

1g10de (@) 51+10
We [Au] 100
svagaidnsnsAnw (fu) 101427
hwidn (Rlansa) 59412
dug (wuRLLns) 1576
fufiRane (was2) 1.6+0.2
AUAUlang9 systolic (mmHg) 125+10
AuRUlain 929 diastolic (mmHg) 75+10
Sammsuvesiila (adweund) 77413
ECOG performance status score 0,1 [AU] 52,48
uziSuiuuszey 11IB-IV [AY] 10
nsedauNneulasueaiivitn [Au] 50
nsanessdnaulasueaiivntn [Au] 0

4119 Doxorubicin AH5U (me/m2) 234+13
9u1A Cyclophosphamide 7il#5U (mg/m2) 2,303+127

BSA: Body surface area; ECOG: Eastern Cooperative Oncology Group

22
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4.2 \Wisuiieudnuaiznenain waznan1snsianawdesasiiouiala fou was wasldsu
gILANUIUN

Snwamenadnidesty Wisudley arudulafinvaenidenunsade AouLaznds
Tasupnaiivndn inuauuanasegsiltdodAgnisada log  anusulaiaaonidonuns
WA WU 9249 fadlwnsUsen waz 919 fadwnsusen MUy sy SRS
yosila noulazudilasueanaivitn nuaruwanssegsiitedAynada loy 6nsinis
dureaiile founazvdslasusnaiivnn Wiy 77413 asweund way 82+14 adasoundi
AIUAIAU

LY

nansaTIanaudesazieuilausuiisunouuasvdsléusnaiviva WU
wdweinisvhauiilarenaniifianuwandsesndifedfyneedd  fe Right
ventricular fractional area change(RV FAC), Tricuspid annular systolic planar excursion
(TAPSE), Peak systolic tricuspid annular velocity (Tricuspid S’), Tricuspid inflow
(Tricuspid E/A) Early diastolic tricuspid annular velocities (Tricuspid e’) uag -

RV Tei index 519a£Ld8nna(m1519912)

Y

r-ﬂl I % LY =] a U [ Vo a o !
Nﬁﬂ’]ifﬂi’&"\]ﬂﬁULﬂENﬁSVIEJUWﬂQL‘LJi‘EJ‘UL‘I/IEJ‘UﬂEJ‘LJLLaz‘VianﬂTUEJ’]L?]ZLI“U'W 2 WU
wndwesnsvinnuinlaiesieansiinnuuanaised1eiidedfynisana Left
ventricular ejection fraction (LVEF) wag Left ventricular outflow tract velocity time

intergral (LVOT VTI) 18821880 (An519712)
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AN59 2 KANIANWAIZNINAATIN WATNANITASIVAAULALIFLNDUNINY NOUKASHANLASULN

AIUIUn
naulasugall | wasldsueadl | P value
U1Un U1Un
Mean arterial blood pressure (mmHg) 9249 9149 0.35
Heart rate (beat/min) * T7£13 82+14 <0.01
RV systolic function
® RV FAC (%)* 5619 5011 <0.01
® TAPSE (mm) * 22+3 203 <0.01
® Lateral S’ (cm/s) * 1342 1242 <0.01
RV diastolic function
e Tricuspid e’ (cm/s) * 10.9+2.8 10.0£2.3 <0.01
® Tricuspid E/e’* 5.7+1.9 6.0+1.5 0.04
® Tricuspid E/A* 1.4+0.4 1.3+£0.3 <0.01
® Tricuspid E DT (msec) 25277 243172 0.32
® Hepatic venous S/D 1.9+£1.0 2.0+£1.8 0.80
® Hepatic venous diastolic reversal | 279 2848 0.37
velocities (cm/s)
® Right atrial volume index | 185 19+6 0.15

(mVm2)

Global RV function




25

® RV Tei index* 0.28+0.18 0.36+0.17 <0.01
RVOT VTI (cm) 16.7+3.1 16.3+3.3 0.20
LV function

® |LVEF (%)* 707 677 <0.01

® Mitral E/e’ 10.1+£3.3 9.812.8 0.40

® LVOT VTI (cm) * 21.9+4.1 20.4+3.1 <0.01
RVSP ( mmHg) 27.4+4.7 27.1+4.0 0.64

DT: deceleration time; E: early inflow velocity; e’: early annular tissue velocity;

FAC: fractional area change; LV: left ventricular; LVOT: left ventricular outflow

tract; RV: Right ventricular; RVOT: right ventricular outflow tract; RVSP: right

ventricular systolic pressure; S’: peak systolic annular tissue velocity; TAPSE:

tricuspid annular plane systolic excursion VTI: velocity time integral;
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4.3 AuYn (Prevalence) ¥aeMs9inauvasialaviasuasdaund (Right ventricular
dysfunction) #aga211Yn (Prevalence) ¥aeN159191uYaRlaRIE18a19HAUNR
(Left ventricular dysfunction) #aslasuanaiivnun

detlonuld  mevhawvesiilavewnanioind Ao nsAsuuUasszeyns
indouiivenshumlalasdadalugaaiiladuda(Tricuspid  Annular  Plane  Systolic
Excursion : TAPSE) anastieeni 16 Iadins 9nn1sanwinudndige 8 $18 970 100 518

PHnsvuvesiilaiearnainUndnaslasusaduiun

d‘ a v o %) v b2 1 a a b4 a o o

Wodeulinisvinauvesilanestngarsmiaunfiannninisallrgaiivnin LV
systolic dysfunction “n1889 N158A LV ejection fraction (LVEF) anasuinnitiesay
10% naiintenauldewaivndawas A1 LVEF  wesniidseas 55 91nnsanwInuIng

AU78 3 578 90 100 endmsinuvesilaiesdigasmaunindslasugiaiivide

4.4 Uadeniinasanisiinauvasinlaiesunansdaund (TAPSE < 16 mm) naslasuen
s o CY
wasivnUn
A o P aa o o b A a vV vy o W
Wefnwidtie 8 18 Amwnuvewilaiesrnauiaunfnalaiugwaiivide
Wiguiigudugtie 92 s1g iinmshawvesihlaviesrnasnanddlasueaiivige

BasgvmanuLanasenivaeingy  linudadelandanuuandvegaiitudAynisadia

a Y] ~
S8aLLRYANY (A1519N3 )
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A1519 3 wanstavenaulasugalivinin N IANANISTINIUYDIR 10991819

AaUN® (TAPSE < 16 mm) viaslasugnaivivn

N1350UAYDIRLLANUEY
Raund waslasuaaivnia
Uadenauldsusasivnln fithun | lidn 1N P value
Wsuegu
(n=92) (n=8)
Mean arterial blood pressure1 (mmHg) 9149 96+9 0.74
Heart rate (beat/min) | T2 79+13 0.76
Heigh’t1 157+6 155+5 0.23
Weight' 59+12 62+14 0.59
Age 51+10 50+9 0.33
Doxorubicin dose (mg/m2) 234+13 234+12 0.93
Cyclophosphamide dose (mg/m2) 2,343+129 2,338+119 0.93
RV systolic function
® RV FACl (%) 55+9 57+11 0.58
® TAPSE' (mm) 2243 1942 0.32
® Lateral S'(cm/s) 13+2 12+2 0.68
RV diastolic function
o Tricuspid e’ * (cm/s) 11.142.8 10.3+2.9 0.64
® Tricuspid E/e’ ' 5.7+1.9 5.6+1.6 0.72
® Tricuspid E/A’ 1.4+0.4 1.3+£0.5 0.43
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® Tricuspid E DT' (msec) 252475 2724108 0.09

® Right atrial volume index’ (m/m2) | 18+5 1744 0.44
Global RV function

o RMP 0.29+0.19 0.24+0.16 0.78
RVOT VTI ' (cm) 16.9+3.1 14.8+3.7 0.86
LV function

® LVEF' (%) 70+7 70+6 0.54

® Mitral E ' (cm/s)* 77.3+14.8 72.9+11.8 0.41

® Mitral /e’ 10.3£3.4 8.6+1.6 0.19

e LVOT VT (cm) 22+4 19+3 0.66
RVSP" ( mmHg) 285 27+7 0.15

1= Aaulasueadvngn




t:l' a o a 173
UNY 5 d@3UNan13398AUI9NE LATUBLAUBILUE

5.1 #3UNaN133Y

[

NMsAnwtagulad

1)

AUrsussasnuuradlasuenaividangy Anthracycline fn1sanasues
svaznswnaeuiivenauiilalasdataluraalatush (Tricuspid
Annular Plane Systolic Excursion : TAPSE) agailiedfgnienatin
Tneszesmsindeuiivensaunlalnsialalutasiletus  (Tricuspid
Annular Plane Systolic Excursion : TAPSE) nauuasuaslasueiadl
UUn W1AU 2243 Lag 20+3 Hadung a1y (p <0.01)
Linudadoidsiifited fymeadaniivfinisianuvesiilatesnas
RaUn@ (Right ventricular dysfunction) waslasugasivitndnuugiss
WuUNgY Anthracycline

ANNYNVDIN AN TIINUTRs Aot aHaUng (Right
ventricular dysfunction) ndslésuenaiivhtn wiriudesas 8 Jswuves
nIINISAAAITINIUYR R laiesteainUnf  (Left  ventricular
dysfunction) vdlgsugnasivhdn Ganuyniviiduesas 3
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5.2 aAUs18NanIsI8

nsAnwIunIsAnwAgITUNISYIN U lavesraesiunsireaivie
ngu  Anthracycline lugihsusiaduy - Afdwugilendnwuiniiandeiieuiu

nsAneluenn LAZNANISANYNUINLNTANAI8I5EYENITIAROUTNV0I9AUIIA
InsraUaluriesialadud (Tricuspid Annular Plane Systolic Excursion : TAPSE) 9814
HlpdAynepddn Tnesgeznmsindounvevsauiilalasaalaludisiladusn

(Tricuspid Annular Plane Systolic Excursion : TAPSE) anauade 2 fadwasndldsu
guadvnTnan 2243 Wy 2023 Jaduns genndesiunisAnwilueinved Tanindi uay
Ay AdnweAudssasieuinlalugtheuzifainms? auvddldusueiititnngs
Anthracycline wuiinsanaswessvernsnaeuiivensauilelnsdadaludiarlatu
7 (Tricuspid Annular Plane Systolic Excursion : TAPSE) agnailtiudAgyn1amadin
anauads 2 fadunsnddldsuenaiivntnen 18.2¢2.0 18 16.2+2.4 fiadwns

Wisufieufunsfinwives  Havsteen uwazAmy kinunsiieuslawednis
auresilaewnarmdsldsuenaiitatn  e1adenenaividadildlunsfinw
w89 Havsteen wazAnuz 1y Epirubicin Faffiwsewdla (cardiac toxicity) Hanin
Doxorubicin  dafugnaiiviedldlumsanei  wazmsianishauvesizlaressn
aglunsAne1vee  Havsteen wavAg  1Un1snsianesediaeies  (radionuclide
angiography)

NNMIANYIVEY Cottin wazaniz  Tilinunsiudsuntamesmsiaureiilaies
natugilendga 33 Auillsy snafividangy Anthracycline 1@y 260 mg/m” lng
N1IMTI9MISIATIAGYS (radionuclide angiography) 12 Wweunaslasusiaivitn 19
Juldldin msesaanmsihauwesilaviewinaisiessdiumges  (radionuclide
angiography) +Ju3sTldwanzan Tne Cottin wazame' Mnaalilunis@nwin n1sin
nsveuvesnlaiesrainiesidiundes (radionuclide angiography) dinuaaia
m%iauiumﬁmsgwqq (Poor reproducibility)

NMIANEIe Djelmami-Hani wazamy  Alinunsdsunlaswenisiay
vowilaremnanlaeinnsdsunlamesiilatosn (ieht heart pressure) §ae
msauvilaviosnn (ight cardiac catheterization) lugiy  asnfildsueaiivan
doxorubicin 6 me/kg Hululginawnuesen doxorubicin fides wewfisutuawinues
doxorubicin fifftheusSadualdsy Fugulunisfnuiiiaelddu doxorubicin ade
234 mg/m2 Suhlvannsfnuves Dielmami-Hani wazaas linunsiudsuntasmes
miwwuﬁuamﬂwawmma (right ventricular function)

faunsfnuniimsnsanasessvernmsndeuiivensauilelasdedalutag
Waladuda (Tricuspid Annular Plane Systolic Excursion : TAPSE) naslasugiaiivnvn
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wanlu 20+3 fadumstedilidanasimsitadonmshauveshlaiesvnasinundd
3 wiosndesifnvesnsinuddfanuitheduszesnadu Ao wade 101+27
$u ilimudthofidunasimsihausesilavesanasiauni Wes 8 18910 100
50 waglififfihefinmsasuudasenmsmnanatingeninensing wavenailuaumnyi
Tinsiasmzilinudadefiviliasnsinuresilatewnaiaund (Right
ventricular dysfunction)agiiiudAyNINans
mﬂmsﬁmmﬁfwum’msqﬂsuammﬁ@msv‘fmusuaqﬁ'ﬂaﬁawméwﬁmﬂa (right
ventricular dysfunction) ndslasugnasivndaminiu 8 s1elu 100 AU 1INATT ANILYN
Y99N19IARNITINNUYesI At sasliaUn® (left  ventricular dysfunction) #&3
$upuaiitadn wihidu 3 918ty 100 Au Fsenadsausfguesungldannisfnunify

ANYULNINNYT (histological studies) YpInMgNeneimlaanaiivntn
(cardiactoxicity) wuaglingsan nveinauitewlavsinadulureswisiala

(subendocardial part of cardiac walls) Uszneufudnwuznienisiniaveswisinla
09971819 (right ventricle) danunutesninuieiilaiosigans (left ventricle) i
Tihlaesvan(right ventricle) finulwonmsifeafiwainenadvitnuinnin vinli
WUALYNVBINIAANITYINTLYRII TR IU A RAUNANINAT ﬂ’J’]ﬂJ‘UﬂGUENﬂ’ﬁLﬂﬂ
msvinuvesiilaviosdiedny  Suwsherevdnglumstuduauigiud  desn
nsenunilaldvinsintuilensiadnvazassnduionila (endomyocardial biopsy)
Wisueuszrineilaieswa1ans (right ventricle) wazialavesdans (left ventricle)
lugUrenddlasugaiiundn WARINNSFNEINUTIaNRTIRa LA s Tout land sl
guaiidn  nunsanasegiiiteddyremnsiweslunsusvdiuilatewanarei
Tuanunistusi (right ventricular systolic function) A1sAaTes(right ventricular
diastolic function) wazn15¥i19Ulaes (global right ventricular function) Yuziiny
nsanasegettydAyvemTlweslunsussiiuiilaessarsanzlununisiu
M (left ventricular systolic function) linunisanaseesdtediAyvesnisdmesiy
nsUszfiuilavesdreansludiunisaaneds (left ventricular diastolic function) 3
aonnaoniuaLAgIuiteiufiesune Wilaviesunanatight ventricle) fiaaladiens
Aefiwangnaiividaunnii siilaviesdreans (left ventricle) agnalsfinuitoatiuayy
auuAgudenafinsanyinsfnsifiudiludninaaes Taswioudiousnumeynane
Wewesiilavieswna(right ventricle) waz Wilaviesdioans (left ventricle) was
lasusnaiivrdaely

5.3 UaLdUdLUY

fnsandnwisesenlnefnmudiiedussesnaeniu  Ingfnauneinsallsaly
nauAin1sinveshlaienamaunAvaalasusualivndn waEAnNUNGUNTINTT
hawvesilaviessnasundndslasuenaiiindn  Invenaasnugtheniianuraunives
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salaosnansnniy uaztilugmsnutiadeidesivilinsinuvesiilariesuaidis
Anundmdsldsuenaiivnna WeaglmihsgSstheilssueaiivitninuuzaduuseld
dewnmeluladnsasanduidsasioumlefituaioanniy  o1efiarsandne
mMsUssiunsianuesiilatesansdienisasriudesasiouilamedalaly
NM5UTELNUAMNUASEAYDIA AR 9911879 (right ventricular strain and strain rate) #38n13
Useilupdudesasviowiilaanufid (three dimensional echocardiography) egndlsfiny
mnmsAnnil ludagiunsussifiurdudesasrouwinludesiu Tnemsinszesnisiadoud
vansaunilalasiadalutiatiladui (Tricuspid Annular Plane Systolic Excursion
TAPSE)  Aaunsathunldussifiunmsihauesilavewnaimdminlasveaiivadala
dierihseds uazuszdiunsuiugasonaithdalivnzanfuiiaeseluluounan
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AMANWIN N, LUUTUINTBYAUATY

Part A: Demographics data

Month and Year of Birth : [ T ](month)[ T T T ](year)
Month and Year of Diagnosis CA breast : [ T ](month)[ T T T ](year)

3) Smoking: [ _]Current [ ] Never Smoked [_] No Mention

[ ]Former [ ]Quit within last 12 months [ ] Quit prior to last 12
months

Reproductive status : [ | Childbearing status without contraception
[ ] Childbearing status with contraception
[ ] Postmenopausal status
5) ECOG performance status []o0 [J1 [J2 []3 []4

Characteristic of Breast cancer

6) Side of breast cancer [ left [Jright []both

7) Total size of breast cancer [ ] ]cm.

8) Staging of breast cancer L1 CInA i CJmA JmB [Jhic
mLY

9) Histology [ ] Well differentiated invasive ductal carcinoma
[ ] Moderate differentiated invasive ductal carcinoma
[ ] Poorly differentiated invasive ductal carcinoma
[ ] Invasive ductal carcinoma [ ] Other
10) Estrogen receptor[ | Negative [ ] Positive (< 50%) [ ] Highly positive (= 50%)
11) Progesterone receptor [ | Negative [ ] Positive
12) Her2 status by IHC []0 [ 1+ []2+ []3+
13) Her2 status by FISH [ ]Negative [ ] Positive
Past illness
14) Coronary Artery Disease: [ [No [ ]Yes [_]No Mention
15) Atrial Fibrillation: [ INo []Yes [ ]No Mention

16) Diabetes: [ JNo [ ]Yes [_]No Mention
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17) Hypertension: [ INo []Yes [ ]No Mention
18) Dyslipidemia: [ JNo [ ]Yes [_]No Mention
19) Stroke/TIA: [ JNo [ ]Yes [_]No Mention
20) COPD/Asthma: [ INo []Yes [ ]No Mention

Initial physical examination

21) Blood Pressure:[ [ T [ T I ] mmHg.
22) Heartrate [ ] [ ]bpm.

23) Body weight: LT 1 kg

24) Height : [T T lcm.

Initial Laboratory Results

25) Hemoglobin : LT1.[] g/l [ ] Not
done

26) Absolute neutrophil count: [ T [ [ [ ]cells/microL [ ] Not
done

27) Platelet count [T T ]x 10° /microL [ ] Not
done

28) BUN : (1] mg/dl [ ] Not
done

29) Creatinine : [ T1.[] mg/dl [ ] Not
done
PreviousTherapeutic data

30) Previous Chemotherapy [ INo []Yes [ ]No Mention

31) Previous Radiation therapy [ JNo [ ]Yes [_]No Mention

32) Previous Breast surgery [ JNo [ ]Yes [_]No Mention

33) Culmulative dose of anthracycline LT 1T Img/m2

Current Therapeutic data

34) Cumulative dose of anthracycline [T T 1 Img/m2

35) Cumulative dose of Cyclophosphamide LT T T ]mg/m2
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Part B: First echocardiographic data

B1) Date of first echocardiographic examination :

B2) Left ventricular ejection fraction

B3) Tricuspid annular systolic planar excursion (TAPSE)

B4) Peak systolic tricuspid annular velocity (Tricuspid S’)

B5) Right ventricular ED area

B6) Right ventricular ES area

B7) Tricuspid inflow (E)

B8) Tricuspid inflow (A)

B9) Tricuspid inflow (Deceleration time)
B10) Tricuspid annular velocities (e’)

B11) Tricuspid annular velocities (a’)

B12) Tricuspid closure opening time (TCO)

B13) Right ventricular ET

B14) Right Ventricular Systolic pressure
B15) Pulmonary end diastolic pressure
B16) Mean Pulmonary Pressure

B17) Blood Pressure
mmHg.

B18) Heart rate

B19) Rhythm
2.0ther

LI/t J7200 ] ],

[T 1%
[].[1Jem
[ T1.01 lem/s

[T ][ ]cm2
[T ][ ]cm2
[ T lcm/s

[ T lem/s
[T1T]ms
[ I Jem/s

[ T lcm/s

[T T ][ Jmsec

[T T ][ Jmsec

[T T ImmHg
[ I I ]mmHg
LT T JmmHg
HER/EEN

[T T Ibpm.

[]0.SR []1.AF []



Part C: Secondary echocardiographic data

C1) Date of first echocardiographic examination :

[T

C2) Left ventricular ejection fraction

C3) Tricuspid annular systolic planar excursion (TAPSE)

C4) Peak systolic tricuspid annular velocity (Tricuspid S’)

C5) Right ventricular ED area

C6) Right ventricular ES area

C7) Tricuspid inflow (E)

C8) Tricuspid inflow (A)

C9) Tricuspid inflow (Deceleration time)
C10) Tricuspid annular velocities (e’)

C11) Tricuspid annular velocities (a’)

C12) Tricuspid closure opening time (TCO)

C13) Right ventricular ET

C14) Right Ventricular Systolic pressure
C15) Pulmonary end diastolic pressure
C16) Mean Pulmonary Pressure

C17) Blood Pressure
mmHg.

C18) Heart rate

C19) Rhythm
2.0Other

[T 1/L11/20

[T 1%
(1.1 Jem
[T1.0 1 Jcem/s

[T ][ ]cm2
[T ][ Jcm2
[ T lcm/s

[ I ]cm/s
[T1T]ms
[ T lem/s

[ ] ]em/s

[T T ][ Jmsec

[T T ][ Jmsec

LT T JmmHg
[ I I ]mmHg
[T T ImmHg
HER/EEN

[T T Jbpm.

[]0.SR []1.AF []
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MANUIN ¥ Guidelines for the Echocardiographic Assessment of the Right Heart in Adults: A Report

from the American Society of Echocardiography

Table Summary of reference limits for recommended measures of right heart function

Variable Unit Abnormal

Systolic function

TAPSE cm <1.6
Pulsed Doppler peak velocity at the annulus cm/s <10

Pulsed Doppler MPI - >0.40
Tissue Doppler MPI — >0.55
FAC (%) % <35

Diastolic function

E/A ratio — <0.8 or>2.1
E/E%ratio — >6
Deceleration time (ms) ms <120

FAC, Fractional area change; MPI, myocardial performance index; PLAX, parasternal long-axis; PSAX, parasternal short-axis; RA,
right atrium; RV, right ventricle; RVD, right ventricular diameter; RVOT, right ventricular outflow tract; TAPSE, tricuspid annular
plane systolic excursion.



* Used for measurement of RV
enlargement, RV wall thickness
and the RVOT dimension by 2D.
View is highly variable depending
on transducer angulation and the
rib interspace position from which
it was obtained. Therefore it
should not be the sole view to
evaluate RVOT size.

* Shows anterior RVOT in its long-
axis view with infundibular
segment. The pulmonary valve
and main PA are also visible.

* Used to measure pulmonary
annular dimension and to assess
pulmonary valve.

* Mid-level of anterior, inferior and
lateral RV walls are shown in this
view.

* Acrescent shape of RV is well

appreciated in this view.

Septal flattening in systole or

diastole from RV volume or

pressure overload is also clearly
seen in this view.

* Valuable for initial assessment of
RV size, but cannot be used for
assessment of RV systolic function
due to the asymmetric nature of
RV contraction.

* Important view to assess
anterior/inferior RV wall and
anterior/posterior tricuspid valve
leaflets.

« Anterior and posterior papillary
muscles, chordal attachment, and
ostium of inferior vena cava
including the Eustachian valve are
visible. The coronary sinus (not
shown) may also be seen in this
view.

* TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

Apical 4-chamber

* Useful view for demonstrating
RV/RA size, shape and function.

* Used to measure RV maximal long-
axis distance, minor distances at
base and mid-level, RV area and
RV fractional area change. RA
major and minor axis dimensions,
RA area and volume are
commonly measured here.

* RV inflow, TR jet by Doppler,
tricuspid annulus excursion by M-
mode and RV strain by tissue
Doppler are also commonly
assessed in this view.

* TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

Parasternal short-axis of basal RV

* Shows the basal anterior RV wall,
RVOT, tricuspid valve, pulmonary
valve and RA.

* Normally used to measure RVOT
dimension in diastole.

* TRjet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam,

* Used to assess the interatrial
septum for shunts (particularly
patent foramen ovale flow just
posterior to the aortic root

Recommended alternative to Apical
4-chamber to measure RV minor
dimension in basal segment of the
RV.

* Useful view for demonstrating
RV/RA size, shape and function,
with enhanced visualization of the
RV free wall.

« TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

Parasternal short-axis of bifurcation of the PA

* Used to assess the pulmonary
valve, pulmonary artery and its
branches.

* Used for measuring pulmonary
annulus dimension, pulmonary
artery size and for Doppler
measurement of the
infundibulum, pulmonary valve
and pulmonary artery.

* Proximal and distal RVOT
segments are also visible.

Parasternal RV short-axis at MV level

* Basal level of anterior, inferior and
lateral RV walls.

* Acrescent shape of RV is well
appreciated in this view.

* Septal flattening in systole or
diastole from RV volume or
pressure overload is often best
appreciated in this view,

* Valuable for initial assessment of
RV size, but cannot be used for
assessment of RV systolic function
due to the asymmetric nature of
RV contraction.

RV modified apical 4-chamber

* This modified 4-chamber view
provides information about a
portion of the lateral RV wall and
oblique plane of the RA.
It should not be used
quantitatively to assess RA due to
its foreshortened and oblique
image angle and should not be
used for measurement of RV
dimensions
* It can be used to measure RV
inflow parameters and TR
parameters provided the TR jet is
parallel to the ultrasound beam.
* ASD and PFO flow can be assessed
with 2D and color Doppler

RV apical 5-chamber view

* Modified view to visualize the
anterolateral RV wall.

* The moderator band is best
visualized in this view.

* TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

Apical coronary sinus view

* Modified view to visualize
posterolateral RV wall.

* The coronary sinus is best
visualized in this view.

* TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

Figure Views used to perform comprehensive evaluation of the right heart. Each view is
accompanied by uses, advantages, and limitations of that particular view. Ao, aorta; ASD,
atrial septal defect; CS, coronary sinus; EF, ejection fraction; EV, Eustachian valve; LA, left
atrium; LV, left ventricle; MV, mitral valve; PA, pulmonary artery; PFO, patent foramen
ovale; PM, papillary muscle; RA, right atrium; RV, right ventricle; RVOT, right ventricular
outflow tract; U/S, ultrasound.
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Figure Tracing of the right atrium (RA) is performed from the plane of the tricuspid annulus
(TA), along the interatrial septum (IAS), superior and anterolateral walls of the RA. The right
atrial major dimension is represented by the green line from the TA center to the superior
right atrial wall, and the right atrial minor dimension is represented by the blue line from the
anterolateral wall to the IAS

Figure Inferior vena cava (IVC) view. Measurement of the IVC. The diameter (solid line) is
measured perpendicular to the long axis of the IVC at end-expiration, just proximal to the
junction of the hepatic veins that lie approximately 0.5 to 3.0 cm proximal to the ostium of
the right atrium (RA).
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Figure Examples of right ventricular fractional area change (FAC). Percentage FAC = 100
end-diastolic area (AreaED) endsystolic area (Area ES)/end-diastolic area. The endocardial
border is traced in apical 4-chamber (A4C) views from the tricuspid annulus along the free
wall to the apex, then back to the annulus, along the interventricular septum at end-diastole
(ED) and end-systole (ES). Trabeculation, tricuspid leaflets, and chords are included in the
chamber. (Left) Normal subject, FAC 60%. (Middle) Moderately dilated right ventricle (RV),
FAC 40%, and a markedly dilated left ventricle (LV). (Right) Dilated RV, FAC 20%, and the LV
is foreshortened as a result of optimizing the view for the right ventricular chamber.

TRV =28 m/s

®) 2 TR Vmax
Vmax 277 cm/s
Max PG 31 mmHg
+ TR Vmax
Vmax 280 cmis
Max PG 31 mmHg

Figure Doppler echocardiographic determination of systolic pulmonary artery pressure
(SPAP). Spectral continuous-wave Doppler signal of tricuspid regurgitation corresponding to
the right ventricular (RV)-right atrial (RA) pressure gradient. SPAP was calculated as the sum
of the estimated RA pressure (RAP) and the peak pressure gradient between the peak right
ventricle and the right atrium, as estimated by application of the modified Bernoulli
equation to peak velocity represented by the tricuspid regurgitation Doppler signal. In this
example, SPAP is estimated at 31 + central venous pressure, or 34 mm Hg, if RAP is assumed
to be 3 mm Hg. Adapted with permission from J Am Soc Echocardiogr.>
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A
Tricuspid Inflow
Pulsed Doppler

RVOT
Pulsed Doppler

Figure Calculation of right ventricular myocardial performance index (MPI) by pulsed
Doppler (A) and pulsed tissue Doppler (B). The tricuspid (valve) closure opening time (TCO)
encompasses isovolumic contraction time, ejection time (ET), and isovolumic relaxation
time. In the pulsed Doppler method, TCO can also be measured by the duration of the
tricuspid regurgitation continuous-wave Doppler signal. MPI = (TCO ET)/ET.

1L 2472 mm

Figure Measurement of tricuspid annular plane systolic excursion (TAPSE).
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Figure Tissue Doppler of the tricuspid annulus in a patient with normal right ventricular
systolic function: (left) pulsed and (right) color-coded offline analysis.
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