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# #5374614230: MAJOR MEDICINE

KEYWORDS: NT-PROBNP/ RIGHT VENTRICULAR FUNCTION/ ECHOCARDIOGRAPHY

KID BHUMIMUANG: INCREMENTAL PROGNOSTIC FACTOR OF RV FUNCTION ON NT-PROBNP IN PRE-DISCHARGED
PATIENTS WITH HEART FAILURE. ADVISOR : SARINYA PUWANANT,M.D., CO-ADVISOR : ASST. PROF. SAMONPORN
BOONYARATAVEJ, M.D. , 68 pp.

Back ground: Right ventricular function (RV) and natriuretic peptide have been established as important prognosis
factors of heart failure (HF). However, little is known about pre-discharged prognostic role of RV function and plasma NT-
proBNP in HF . The aim of this study was to investigate incremental prognostic role of RV function to plasma NT-proBNP in pre-

discharged patients with HF

Methods: A prospective cohort study was conducted in 62 hospitalized patients with HF. Patients with renal
insufficiency , sepsis, end-stage malignancy, severe cardiac condition requiring surgery, acute coronary syndrome, other
medical condition that prolong hospital stay more than 2 weeks, severe valvular heart disease and poor acoustic window for
echocardiography were excluded. Pre-discharged NT-pro BNP and echocardiographic RV function were evaluated in all
patients. Patients were followed up for 6 months for composite endpoint of all cause death and/or HF hospitalization and/or HF

related emergency room visit.

Results: Of 62 patients (age 66 + 14 year, 48% Female), 70 % (43 patients) had HF with reduced ejection fraction.
Pre-discharged NT-pro BNP mean + SD = 5,083+ 8159.6 pg/ml. Pre-discharged RV systolic dysfunction (Tricuspid annular
plane excursion (TAPSE) <15 mm) was present in 39% of study patients. The median duration of follow up was 5.1+ 1.5 months.
During follow-up period, 2 patients were lost to follow up, 5 patients died, and 25 patients reached composite endpoints. By
univariate analysis, history of HF, current diuretic usage, decreased peak systolic excursion velocity of tricuspid annulus (RV S’)
were independent prognostic factor for composite endpoints (p < 0.05). The cut-off of plasma NT-proBNP for predicting
composite endpoint was 950 pg/ml ( sensitivity 82%, specificity 40%). TAPSE < 14 mm provides sensitivity of 48% and
specificity of77% in predicting composite endpoint of all cause mortality and HF hospitalization /HF related ER visit. RV TDI S’ <
8.5 cm/s provides sensitivity of 57% and specificity of 79% in predicting composite endpoint of all cause mortality and HF
hospitalization /HF related ER visit. Increased plasma NT-proBNP combined with a decrease in TAPSE (p < 0.05) or RV TDI S’ (p
< 0.001) can additively predict composite endpoint. A subgroup of patients with NT-proBNP < 950 pg/ml and RV S’> 8.5 cm/s

had longest event-free interval (mean survival + SE 5.7 + 0.2 months, p < 0.001).

Conclusion: Pre-discharged RV TDI index in combination with increased plasma NT-proBNP can additively predict

adverse outcome in HF patient.

Department: MediCine .........coooiiiiiiiiiie Student’s signature.........coooiiiiiii
Field of Study: MediCine...........ocoviiiiiiiii AdVISOr's SIgNAtUre. . ....vviiii

Academic Year: 20171 Co-adVisor's Signature............cooveviniiiniiniieeen,
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Right ventricular Fractional area change ( RVFAC), Tricuspid annular plane systolic
excursion ( TAPSE), peak systolic excursion velocity of Tricuspid annulus, TEI index,
Diastolic function : Doppler velocities of the transtricuspid flow (E, A, and E/A), tissue
Doppler velocities of the tricuspid annulus (E’, A, E'/A’), deceleration time, and IVRT, Right
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atrium volume, hepatic venous flow pattern ZalETnnsAnENenunndng i luannng
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ANDNNTAY (secondary research question)
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1.4. ANNRFU (Hypothesis)
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1.5. NIALURIANNNAATUNNGIAE (Conceptual framework)
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2.1 52AU NT-proBNP

NT pro-BNP ifugnsinulunszualaindeasnennanimasnanniiasala

. A a = o & o . A =
(cardiomyocyte) Tnglaniziiaiinnistinaanaedinainildeiala (myocardial stretch) ¥isad
A NAUluTiaeialagalu (pressure load) isan1asinainsiinnI9nse AUN1INAIETS
19229lusIN"8( neurohormonal activation )inerazasnaunlugil pre-propeptide visalzen
8nTe41 prepro BNP ( Usznavldfaei134 amino acids) anntuuanaaniili signal peptide
waz propetptide (proBNP dsenavlilFqe108 amino acids) Ine1se1ndneni13naszes proBNP
Wuazugnaandly active form (Useneavld@ag 32 amino acids ,C-terminal ) Uaz inactive

form (Usznavluéag 76 amino acids, N terminal ) A8 NT-proBNP Iaeignsinisuagaziily

1:1 [13-15]A1HANA 2

pre-proBNP; ;s == «  Signalpeptide
(26 amino acids)

* Detected as "BNP” or "NT-proBNP" by
currently available commercial assays f proBNP; 08

-

NT-proBNP; ¢

proBNP; 08 ™

Meprin A

b

AN 2 Biology of the natriuretic peptide system. BNP indicates brain natriuretic peptide;
NT-proBNP, amino-terminal pro-B-type natriuretic peptide; and DPP-I1V, dipeptidyl
peptidase-4 [13-15]



Tnefaudisnenisudaasiiu 1.1 uisziulunszuaidentes NT-proBNP azgendn
BNP (active form) Hiagann NT-proBNP %qﬂ‘*ﬁumﬂmﬂﬁ"wmﬂmjwfﬁﬂ TeiiAnATaTan
120 il L BNP Geilénraedan 20 il wazuananii NT-proBNP azgnilieanann
amelnzendtladlundn nsinnuseslndeiinasenni tag BNP sinniind naziunisdy
Zﬁﬂiliﬂu‘i’mﬂw( natriuresis), ﬂJEl’m‘M@famLa'am(vasodilatation), ffuﬁj{wmu renin angiotensin
aldosterone Wazszuulseananluals( sympathetic nervous activity ), €l fannsainadian
msluﬂé’mlf:@ﬁqslﬂ(ﬂbrosis) 1 m'fmmmmaﬁwmﬁqlﬂﬁlﬁﬁfu( improvement of

myocardial relaxation)

1ANAINAT NT-proBNP azgeainniazinladumandunaiuazniamnauaeslnilia

v 1
1A o

ATagslFianananiag[161A9m19199

Differential diagnosis of an elevated amino-terminal pro-B-type
natriuretic peptide (NT-proBNP) concenlration: possible diagnoses

® Heart muscle disease
—Hypertrophic heart muscle diseases
—Infiltrative myocardiopathies such as amyloidosis
—Aculte cardiomyopathies, such as apical ballooning syndrome
—Inflammatory. including myocarditis and chemotherapy
® Valvular heart disease
—Aortic stenosis and regurgitation
—Milral stenosis and regurgitation
® Arrhythmia
—Altrial fibrillation and flutter
® Anemia
® Critical illness
—Bacterial sepsis
—Burns
—Adult respiratory distress svndrome
® Stroke
® Pulmonary heart disease
—Sleep apnea
—Pulmonary embolism
—Pulmonary hypertension
—Congenital heart disease

FN399% 1 waIN19EAN LAY NT-proBNP 44 [16]



UBNAINUWWA, B2, TMtiNGINNasian1 NT-proBNP ot Tag twAntNaslAgandineaig
, BNENINTUANAZEIT, TUNNIN ( BMI 49) azilpiiaandiautiuiniias

1aq1TusninAn NT-proBNP 3inlditlsylemillunasinladuimanléilu 2 nstike 1)

0%

d‘ aa o 72N dl o ' cal a d” 1
Watsznaunisitiadelsalufjianilsed, nsmamadnanie uaznianaliafuileasiud
Tdanunsnagllfidniininzinladumaniisali 2) ienansninisaniiuisn

n3AnE98d James L. Januzzi et al[16] livnnnsdnenjiaerisuun 1,256 A

'
yvaaa [ 1

1 (<1 = o % Szdl 1 o 1 ' J dl ¥ 7 dl
wiiflugmatiagaanuniaziladuivan LL@%NVIVLNNﬂ’]’JtﬂﬁﬂN’]’J TnewuanA T lduengiloen

k1l a a

#nnziidlafuimanrainlsnduuiNnINene At 450, 900, and 1800 pg/mlL &1uiLians < 50,
50-75, WAz 75 UAMNANAL( 90% sensitivity, 84% specificity &v3LANaa a1z laduman
SUNAUAINING 3) LazANTIAINGT 300 pg/ml DadI@INNTIAANNTIHadeN19zia ladumian
sunaueananiileililaaiinnuusiudngs( negative predictive value 98% ) a1ntiulu

1 v dl Yo aa o o % o o o a G35 | o dl
ngugiaenlisunisitaduninsialadumagunauaziansianiuliiflunan 76 uiven
am31nne TnanudngilaaiA1InNngn 5,180 pg/ml axildnsmegeninatnaitdAnynig

A05 (p-value < 0.001, odds ratio = 5.2, 95% confidence interval (Cl) = 2.2-8.1) AITILAAS

Tun i 4

vt pninin

@
@
=
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o
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[0}
=
=
=
@
e
Q
w
0.2 —t— Age <50 years, AUC=0.93, F<0.00001
—O— Age 50-T5 years, AUC=0.93, P<0.00001
0.1 ! == Age >75 years, AUC=0.88, F<0.00001
Mo discrimination
0 T r T r +
0 0.2 0.4 06 083 1

1-Specificity (false positives)
N 3 uaAe ROC curves 189 NT-proBNP lunsitadaniaziinlafumanaunau

11 3 nguany [16]
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= [Logrank P<0.0001] weew
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wwen NT-proBNP 5180 pg/mL
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NN 4 LdA Kaplan-Meier curves °1|‘ﬂ\'1'ﬂm?’]ﬂq??‘ﬂﬂﬂmmluaﬂ')ﬂwmﬂqqxﬂqsl@@mL'V]@'J

v aa o [

AUNAY N1elu 76 TU vAIINaduLENANNTEAL NT-proBNP [16]

nnsAnmae9Bettencourth et al [11] lnanisAnmgilan 182 aunuaulssneniung
% o % o o 1 A dl 1 [
Faein19zsin lad A LN AL R3990 NT-proBNP Tidenilauaiisane 1L auasnaunay

11118111981 24 927849 ANUUNINITRARINEATIANL WAL ENTINITNALINIUEUITINEN LN

v
o

dn w4 6 heu Tnadvisgilaeninsdudvesinlatiasinasnas ( LVEF < 45% )uay ngui
Hnnstiudaesinlatiesduesluinousing (LVEF > 45% vita preserved LVEF) Wu31An

A ol/ ' v Y o dl ' 1
NT-proBNP luiaannielunan 24 dalusneundutiou uas ansinisiasuulassendnesi
NT-proBNP luiaaatiauaulssngninauazneunauiinunialunan 24 4alus Tuilens2
NgN AANANALE LS ENEUAzaRIINIINAUNIUaUTIINEN LN AT Ao TNz ladnan

o o

@eunauetnalladAunieada winsdaguulasresseiy NT pro-BNP lunnei llanas(

7

#18819130% )ANANAN HAMNFNNUSALERIIANLLALERTINITNALNILBUIIINEN LN ATN
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Anannzialaduivanigunaue N Nt d AU 19atANINNGNA NT-proBNP lulidannay

NAUTINU AIMNF99 2 LATAINA 5

HR 95% CI
Discharge NT-proBNP (1000-pg/mL 1.018 1.012-1.024
increase)
Change in NT-proBNP < 30% in either 219 1.23-3.91
direction
Change in NT-proBNP Increased =>30% 6.64 3.60-12.23

A13797 2 wdAd Univariate Cox Regression Analysis AN INIIENIIANELAZYTENNT

v
NAUNUBLINNENLNATIFEN TR lAd AR UNAY [11]

weee Decrease 230%

]

Cumulative hospitalization-free survival

—— Change <30%
— INCTRASE =30%
pe0.0001
0,0 =
0 100
Time (days)

A7 5 wdae Cumulative hospitalization-free survival ANsEALNTIUABILLL A9TB9A1 NT-

proBNP[11]
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2.2 NM9YNULRIN LANBIUN

% £ = 1 v dl % dl -7 %
W2 1a1199997HFUFNARLANHIARLNAINING 6 [17]4AZINBLAUNRINTEANNATN
v =3 o £ a o v o a [ 1 Q’//
wiihan asinlidssidiunieineuliann daqiuiiniswmuinensaasie-ia
Echocardiography WagMagnetic resonance imaging (MRI) %qﬂ"\amﬁ@Lﬂuﬁ‘%mmﬁ)mlumi
1sx1iun1M19wia latiasan walliasannni2mma MRI fagldinainismsmauiunlay

A ldan849 N19M99A Echocardiography asiluniiesnan

dl ! o o k4
NNA 6 WaRaglseanEuraaeialatiosnan[17]



13

1 ! v
i lattesaaniuiihnunsuaniaeaiulidaleadinginlatiesinaasaniiaes
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Natiesdneivineuialng ldananidlusia systolic function uae

pad)}

$19n18 patiulunngi

Re

diastolic function 99

=

PRy o & < o g ° o o
Inmenianuauraaniaan lulengaan azvinliinisiiewinlatiag
wRaUnFAnNlUAqe nnsmsaanisnineialatiesranfaeis Echocardiography

[18]Usznavudne AN lEaINNITMIRFIANTNN 3

Variable Unit Abnormal

Chamber dimensions

RV basal diameter cm 4.2

RV subcostal cm >0.5
wall thickness

RVOT PSAX cm >2.7
distal diameter

RVOT PLAX proximal cm >3.3
diameter

RA major dimension cm =53

RA minor dimension cm >4.4

RA end-systolic area cm® >18

Systolic function
TAPSE cm <1.6

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

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
atdum; RV, right ventricle; RVD, right ventricular diameter; RVOT,
right ventricular outflow tract; TAPSE, tricuspid annular plane
systolic excursion.

A13797) 3 WAAS Right ventricular echocardiography parameter warA1UNA[18]
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2.3. 28n199AAN Echocardiography parameters 28912 laniaetan
2.3.1 RV fractional area change (RVFAC ydneglu %)[18]
RVFAC = 100 x (end-diastolic area (AreaED) — endsystolic area (Area ES))

end-diastolic area

AT 7 haAaN13TARVFAC
2.3.2 RV myocardial performance index (MPI)[18]

MPI = (tricuspid valve closing opening time - Ejection time )

Ejection time

A

Tricuspid Inflow
Pulsad Doppler

{ iTtco!

WVMPI

RVOT
Fulsed Doppler
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2.3.3 Tricuspid annular plane systolic excursion (TAPSE wuaenilu @w.)[18]

(1L 2472 mm)

AN 9 udman13Tn Tricuspid annular plane systolic excursion (TAPSE) Angl M-Mode

2.3.4 Hepatic vein flow[18] : Tagig@n ratio S/D UnFisnndn 1, fdnnsinguinladiagann

RAaUnAAN ratio S/D axiasngn 1

p 068 mmHg
Frq 1.0&6 kHz

AINT 10 LEAS hepatic vein flow
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nsAnEaed S. Puwanant et al[19] WlunnsAnegilaanuuaulssnenunafos

= o (%

Az laduiaadunau 100 A 51 % T filhanguiifinnstufresilatiasioelu
\nNeWIiUNG ( LVEF > 50% , preserved LVEF) A3nagn (prevalence)18dnsnaenuiia ladies
aqaang wuline 33-50% lnentsmealaeld RVFAC, TAPSE, peak systolic tricuspid
annular tissue velocity( S') TnaINN1sANHINLFIAINTN (prevalence)T84n19NWI LA
finsranfaunflugtlhefifniedumaesilatinsiraanas ( LVEF < 45% ) wulkannndilag

wu'lfing 63-76%

NN3ANHI994 J. Meluzin et al[1] Anei{ilog 177 Aw Aflanisan nnMazin lafuan(
symptomatic heart failure (New York Heart Association classes I1-1V) '?UngﬁLﬂuﬁﬂQﬂluLﬁﬂ
Fmsamaneusindaanwinla (candidates for orthotopic heart transplantation ) Ineifgaa
AL latiesaan 11 systolic uaz diastolic function kazmanuliifunanilszunny
6 iaw ilensAsmnaantseviala uaznrwan nannazialaduivas (Fun n1sdin
Tsamenunadrannsiladuman vite nasiesldirtasdentninilaiiassaninizilab
RARINIZEIUIN) anmultivariate stepwise Cox regression modeling Wi the right
ventricular systolic (Ralne peak systolic tricuspid annular velocity—Sa) Wa diastolic
function (R39almel peak early diastolic tricuspid annular velocity—Ea) ANNNTONLNIDILIA

S P A -

IRadnaliadAyneaiAnunIng 11

L

o 5 " i 1

2 A. Event-free survival analysis B. Survival analysis

3

w 1.00 1.00,,

o %‘ . E._;—, g .= SaEal ps0&iga
& ] b .- SaEal % La, ™ "%+ - guFam '=-;=4
g 0.75 ]’-L,L—. p<0.001 0.75 N =y SaFall HI: .
S 4 h SwEall %, | upan P077e0e
(=9 L8 ey p=0E&9a0 .

o 0.50 LN fl == BafFalll » 0.50

E_ L__l .p=:|£-1"-.‘

_d:_.: 0.25 = SaFalv. = 0.25

=

2 0.00 0.00

E 0 40 20 30 40 50 60 0 10 20 30 40 50 &0

o Time (months) Time (months)

A7 11 Event-free survival and survival stratified according to the Sa/Ea categories. [1]
A a o 1a a o o o o %
A AR ﬂﬁ"W\lL‘]_E‘EI‘LILVIEI‘LI@[ﬂ?’iﬂ’]ﬁ‘illLﬂﬁN@Q@ﬂﬂ@ﬂﬁ]ﬁwﬂﬂiﬂﬂdﬂuﬂﬁlﬂﬁﬂﬂm’ﬁ

A P [ % aAa o % 4
B AR N3N L‘].E?EILILV]EILI@ RIINTT7RATIRANNNITNIUIA JaTia 9N
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2.4 NIZRAlAANLNAN
o o = A o , o A, oA & o
nziladumanfnaniiinlaligannnniuidanvizagaaanaanliiassienialé
dl o [ % % | dl | 09/ qI/ | 1 v al OQI 1 (%
annsndnAnyliun wiles aauuss nazinAsluseniedenalfiinzinvandeauazfauau

]
1 aaAa o

TpeuteTia IEnaNeLLL |1 wiANn13nI9sia lanueag azuaunauniialatiastnel

q

%

FneuRnUn uaz nauiiivialadiedingvinauung umuanve faill20]

2.4.1 lsaialaa1mden : AINNNMEINARBARUNAY, N19zunIndau, nnn1anuiala
9T ALABATUNAU

2.4.2 spmasAuvialasine iU nazAndeawiala, Auialadiy vite 5

2.4.3 lsAndnuiiavilafindn 1 wnAnLng, SniausUngy, n1avinauueag

v
YU YD URIFIATIS

v
o (-1 A

2 4.4 Tapvi A uiindany AaUULE) way 4

=

2 4.5 N9 l@susInaAn1InIeuiala Vee ednne virasninadainegnsasanig

a

N9uaa9iala Wy eARiNTRUI9TEe

k2 1
a o A = o

2.4.6 lspvaaidiedivinla wiu Aailn, fiin vide \dendsaauniludiedavila

2.4.7 qu?ﬁluj U MaBALREALBAYARUALNAL
Tneenafitadenssulifinnnamialadaman finutes ¥ur20]

1. N PENRENE

2. nnziin vie inAe ludnaneiiu annisiu visagnuNgTiauewiUan( NSAID),
&LLUINU(NGH thiazolidinediones)

3. savilagnaaenaunas

4. N1ITATHAUGININ

5. Ispialalfiunnsguaz Inaane atrial fibrillation

6. ialiw yidadsy Lﬁ'mﬂuﬂ@juﬁﬁqméﬂmmaﬁ’muﬁfﬂ@ \14 beta-blocker, calcium
channel blocker

7. AavAnide, nazia

8. NA0ALADALBAYAFUALNAL

Tnenausinnsatiadaeande n1sdnisedd neaasinie 59@30a8e( X-ray) Uas, nns
mq@ma‘ﬁwmﬁq%ﬂ%‘luivmﬁﬁﬂ@( ECG) m@mm%?{umﬁﬂuﬁq%( Echocardiography)

INEUTN1991a98A N Framingham Heart Study criteria
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Aadaniziialaduivanlng ag1etiag 2 INUTMAN vt 1 INUATMAN $ANRTU 2 tnoust
FXQN) Imﬂﬁmﬁs\nw\iufﬁ%ﬁ\‘lﬁoo% sensitivity and 78% specificity)
LNOUSIUAN :
e Paroxysmal nocturnal dyspnea
e Neck vein distention
e Rales
e Radiographic cardiomegaly (increasing heart size on chest radiography)
e Acute pulmonary edema
e S3gallop
e Increased central venous pressure (>16 cm H20O at right atrium)
e Hepatojugular reflux

e Weightloss >4.5Kkg in 5 days in response to treatment
wnousizad : dagluldifnannninzandulsallan visa 19ALLd

e Bilateral ankle edema

e Nocturnal cough

e Dyspnea on ordinary exertion

e Hepatomegaly

e Pleural effusion

e Decrease in vital capacity by one third from maximum recorded

e Tachycardia (heart rate>120 beats/min.)
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2.5 N19MTAIANITYINULRIN LANBITNSINNLATIAURDAIATEAL NT-proBNP
= A " e ° o o Ay o

ANNFANETNRIUNINLINTIN1 TN UL B9 latia st ALAZ T2 AL NT-proBNP
dl 7 dld % 1% dl a R 1 -algl a o
ngalutiilosniniasialaduman Wamnanllazwudndihanguiaziansnisaauas
NWNANINAINNIIEI lAEN AN INTY

K. Tigen wazAnz [21] innnsAnn £ilae Dilated cardiomyopathy 75 Al A9IA5EAL
NT-proBNP uazsinEchocardiography An1svinanuaadialaiassnn uazdnnuiiloeliily
AN 29 1AL FEAL NT-pro-BNP ﬁ@ﬂ(log NT proBNP > 3.25) wLag tricuspid lateral annulus
tissue Doppler peak systolic velocities A1 (Sa < 6.25 cm/s)agnuUERTIANEAINHA LA
v = a aa = o = % 1 o dl o .
AUVAVITDLALTIALRL LNARVITRNIGRHNARLLREURA la( death secondary to worsening
heart failure or sudden cardiac death) , heart transplantation ) 8191 TagANTzAL NT-
proBNP NfuenAse 1700 pg/mL (sensitivity and specificity, 82% and 75%). lagiA1 Sa i
Lﬂuammﬂmm tricuspid lateral annulus tissue Doppler peak systolic velocities for
predicting clinical end points A2 6.25 cmlsec <l:&msfl‘(sensitivity and specificity, 80% and
57%). aun it 12 Ineagil 32Al NT-pro-BNP levels uag tissue Doppler—derived right

ventricular systolic functional parameters mmmwmmm“lmﬁlut’gﬂanCM 15



20

urvival Functions

TA 5a Velyciry and
Log NT proBNP

Sacd 28
Log NT proBXP<3.25

Sarh.l3
Log NT proRNP=>3.25

S62]
Log NT pro8XP<3 25

Sab 25
Log NT proBNE=325

Follow-up (months)

Leg NT pred@iF <3 lf Lo NT preliP>3 25
Tafad 2hem/n 12611156 14/18(T44)
Tafek 28 em/s S0 82 5N I8 28N

AR 12 Lana Kaplan—-Meier analysis revealing the survival rate is lowest in group A and
highest in group C. NT-pro-BNP; Sa, tricuspid annulus; TA, Tricuspid lateral annulus tissue

Doppler peak systolic velocity. [22]

Bistola, V.uazmnz[22] innnsansnludilog 102 AuRsu A lulsamenunadasnag
Wladumaaaunau Ineinnnsmaaa Echocardiography LﬁﬂLL?ﬂ:f‘Ll UATMTIATLAL B-type
natriuretic peptide (BNP) wazAnn N lifluaan 6 theu wudn Transmitral Doppler to mitral
annular TDI early diastolic velocity ratio, RV TDI early diastolic velocity Wae ratio of early to
late RV diastolic TDI velocities RV E/A ratio $a:fiUs¥A1 BNP Toeinennglansaeiuas

o o

v
FRTIN1INALN1UARITNENLNAEIF NNz laduadReun ALl A et AN ATuN 194D

o

TneTneiAnszdiu NT-proBNP 1lduenfa 762 pg/mL (sensitivity and specificity, 88% and

56%). ff«gmﬁmm RV E/A ratio = 0.68 (sensitivity and specificity, 75% and 73%). AL
13

aia a o = v
a7URV TDI indexes NHALNG 947U plasma BNP Ngeann1sanananilsnluftloelu

frloevinladumanszeziing 14



e

[ L = - : &
E = \ }_ ' RVE/A<0.68 BNP<762pg/ml
"ot = i 1 S W SR T -
5 1 I' * "RV E/A20.68 BNP<762pg/ml
- | I —
@ Y% 1
.E 0,6~ - b i s
& [ RV EfA<0 68 BNPz752pg/ml
§ |
M
a o
g .
£ e |
w 024 p<0.0001 f—_— L
I " -
RV E/A20.68 BNP2762pg/m|
00—
| | | 1 |
0,00 50,00 100,00 15000 200.00

days
N9 13 uans Event-free survival Tungugilasuenlng RVE/A, BNP [22]
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unan 3
aa o _a = o
AaALUN1gIeE
3.1 gtluuun1s3ae (Research design)

=2 .
NI17ANELLLIU Prospective cohort study

3.2 sz1iig 128019998 (Research methodology)

1lsz41ng (population) WazAIBENG (sample)
ngunanbunisAniaanidNIA@n® (Inclusion criteria)
- a1y =187
- flannnsuazannisudnsidldsunnsnsaaiasadndinlEfuniziiladuman
REUNAU (Acute Decompensated Heart Failure) wazsiudindnenlulsanenung
- gugandnmuulsaiuaisansnianss
ngunalunisAnLAanaanaINNIsANE (Exclusion criteria)
- e ldgusasdnisAne
- flufjihelsalnidesiiing Creatinine > 3.0 mg/dLyieiiusziRsnuKanisinsla
- ftlanfifinnnglsndausing o iguuss Tun
- Sepsis
- End-stage malignancy
- Severe cardiac condition requiring cardiac surgery
- Acute coronary syndrome
- Other medical condition prolong hospital stay more than 2 weeks
Anufivinmsias
Hilaelunadaengsrnans leenenu1aainadnsnl
3.3 msliAdenudal rianldlunisisa
LNENNNSANARENTIE WA LAA NLUA( Congestive heart failure)
Diagnosis of CHF : at least 2 major criteria or 1 major criterion in conjunction with 2
minor criteria.
Maijor criteria:

e Paroxysmal nocturnal dyspnea
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e Neck vein distention

e Rales

e Radiographic cardiomegaly (increasing heart size on chest radiography)
e Acute pulmonary edema

e S3gallop

e Increased central venous pressure (>16 cm H20 at right atrium)

e Hepatojugular reflux

e Weightloss >4.5 kg in 5 days in response to treatment

Minor criteria:

e Bilateral ankle edema

e Nocturnal cough

e Dyspnea on ordinary exertion

e Hepatomegaly

e Pleural effusion

e Decrease in vital capacity by one third from maximum recorded

e Tachycardia (heart rate>120 beats/min.)

Minor criteria are acceptable only if they can not be attributed to another medical
condition (such as pulmonary hypertension, chronic lung disease, cirrhosis, ascites, or the

nephrotic syndrome).

The Framingham Heart Study criteria are 100% sensitive and 78% specific for identifying

persons with definite congestive heart failure.



24

3.4 NSANUIUTUIAAIDEING

=
rz r\lf_i_l‘.l =t T Jrl_rl\lf_.Ll‘.l.z _l“\lf_l‘llzrl' B
/2 A1 B VRS 'Disccrclgft
==
> =
{ | ljkv%iscc rdant
1[1;;‘: ~OR=RR
%imﬂrdfﬁtjri’air?pﬂcb RSl
Z alpha Z beta OR/RR  PiDiscor s t Npairs
1.96 0.84 3 03599651 08449782 0645 66.159426

7z

Il
e )
2=
S
£
&
S
S
=
—
=
-
=1
w
12
=
o
=
S
B,
Z,
Il
o0
o

3.5 N19ANLUUNI5IAE

frlhaynaandinunfunisinenlulssmenunaiiasainainismiiaaveuaglfiiunig
Aadeiiassiudnfinainniagidlaguivian@aunais azgnAnnsasdintlasenis3aammmn et
o A L7 v ] =2 & [ A 27 = L
nsdnaaniilog Wisunisdneuazinasinisda@eniilheaanainnisdnunlngunmng
Eaaslivieeunndininiman Wagilaaniunisdnnsesnipuantifdinaunneiaaingn

¥ kA dl ¥ =2 %4 o a ua/’ o dgj
ANNBAUNAZANNNTH L“ll’??'lﬂﬂ’]ﬁ‘ﬂﬂ‘]:ﬂiﬂ QZANUUNITATNUURNBDY AU

o

1. wndiadureanusenangiaevizanmisefunulpageufaengunnalunisdinsu

=8
NNTANTN

[ %

2. wenunagdaeddaivdeyadUotludamidinfuntsfnm lulssneuiamsienansiog

suilleu iunnaslunuuaduiiunndeyadidindanlasens (Case record form, CRF for scan)

a

Y o IS (3

dl Y a aldy o Y ¥ v 1 a o
3. Lu@LLW‘vmmm:rwm'mmmﬁQﬂqammmmmuwmmm%ﬂ@umu% WENLNAKTIEIRE

a

1
=

dugiiuimeniiaivadinsadnszdi NT-pro-BNP nauanmieagilagaanainlssmening



25

Aelunanladifiu 24 $2lug n3maa NT-pro-BNP fu?‘ﬁm?mmm?u Elecsys 2010 o
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tiulnemgaa Basic echocardiogram L& Right ventricular function and deformity ( systolic
function : Right ventricular Fractional area change ( RVFAC), Tricuspid annular plane
systolic excursion ( TAPSE), peak systolic excursion velocity of Tricuspid annulus, TEI
index, Diastolic function : Doppler velocities of the transtricuspid flow (E, A, and E/A),
tissue Doppler velocities of the tricuspid annulus (E’, A’, E'/A’), deceleration time, and
IVRT, Right atrium volume, hepatic venous flow pattern ) Tmm?m'}@é”mam’mmwﬁ 7-10
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Receiver-operating characteristic (ROC) curve Lﬁ@mizﬁuﬁmmmmmm NT-
Pro BNP fixiA91uln (sensitivity) WAZAIMNANNNL (specificity) ﬁﬁ‘ﬁqmiuma?
NULNI9AA primary endpoint WAALED

n1stssiiiuAna1NnIneas NT-Pro BNP WAL parameter AN
echocardiogram Tunsinunesnsnndedininanisld Log-rank test Laz
@374 Kaplan-Meier survival uaz event free survival curves Tmﬂm?l,m_i\‘lﬁﬂ'm
aanwilu quartiles ms\lmmgﬁ‘ﬂﬂﬂ Receiver-operating characteristic (ROC)
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62 patients with HF

e EUEH CHGEERGRIINE | Mean follow up 5.1+ 1.5 month

Event 25 patients (42%) ;;1:;:::5
(5 patients death) (58%)
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filaefidingundaieny ey 66 + 14 U ilugudjavionun 29 au Aadlu 48.3% 11y
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Overall(60) Event (25) Event free(35) p-value

Age (year) 66+14 64112 6810 0.91
Gender

Male 31(51.7) 13(52) 18(51.4) 0.96
female 29(48.3) 12(48) 17(48.6)

DM 25(41.7) 7(28) 18(51.4) 0.07
HT 42(70) 15(60) 27(77.1) 0.15
Smoking 19(31.7) 8(32) 11(31.4) 0.96
History of HF 33(55) 18(72) 15(42.8) 0.02
NYHA [I-IV 42(70) 18(72) 24(68.6) 0.77
Sinus rhythm 43(71.7) 19(76) 24(68.6) 0.52
B blocker 28(46.7) 12(48) 16(45.7) 0.84
ACEI/ARB 31(51.7) 13(52) 18(51.4) 0.59
Diuretic 32(53.3) 17(68) 15(42.8) 0.02
Aldactone 3(5) 3(12) 0 0.07
Digitalis 9(15) 4(16) 5(14.3) 0.57
Creatinine (mg/dl) 1.4+£0.7 1.4+0.4 1.6+1.1 0.95
SBP (mmHg) 143£33 139+43.9 129+29.3 0.61
HR (bpm) 90+22 89+19 8327 0.85
EF (%) 42+15 37.5+13 42.7+15.4 0.67
Preserved EF(EF > 50%) 17(29) 5(20) 12(34.3) 0.26
TAPSE (mm) 15.7+3.7 14.5+4 16.4+3.4 0.23
TVe' (cm/s) 6+ 3 6+ 2 6+ 2 0.26
Tva' (cm/s) 114 9t 4 12+ 2 0.05
RVFAC (%) 33.4+12.8 29.1+12.1 38.411.6 0.13
TVS' (cm/s) 10.0+3.0 8.212.8 11.0£3.3 0.04
HV S/D 1.37+0.7 1.2£0.5 1.910.8 0.10
NT-proBNP (pg/ml) 5083+8159.6 7214.2+9782.1 2842.7+3452 4 0.17

4 T
WANANUUEINUI192AL NT-proBNP Tuiaeniigs

e AN AT AR p-value = 0.02) AINLAAIAT

b

N

o o a aa 1 =
TNUNITLRTINBLNN
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Death (5) Alive (55) p-value

Age (year) 70+ 6 68 +9 0.46
Gender

Male 3 (60) 28 (59) 0.53
female 2 (40) 27 (49)

DM 1(20) 24 (44) 0.39
HT 4 (80) 38 (69) 0.53
Smoking 1(20) 18 (33) 0.49
History of HF 4(80) 29 (53) 0.37
NYHA II-IV 5 (100) 37 (67) 0.31
Sinus rhythm 4 (80) 39 (71) 0.56
B blocker 1 (20) 28 (51) 0.35
ACEI/ARB 2 (40) 37 (67) 0.33
Diuretic 3(60) 29 (53) 0.59
Aldactone 0 7 (13) 0.53
Digitalis 1(20) 8 (14) 0.57
Creatinine (mg/dl) 1.2+0.6 1.8+0.9 0.93
SBP (mmHg) 121 £ 14 144 + 34 0.15
HR (bpm) 84 +15 90 23 0.56
EF (%) 35.2+232 42.6 £14.8 0.35
Preserved EF(EF > 50%) 1 (20) 16 (29) 0.68
TAPSE (mm) 15.6 £ 5.1 15.8+3.7 0.92
TVe'(cm/s) 7T+7 56+2 0.48
TVa'(cm/s) 12+3 10.7 £ 3.9 0.99
RVFAC (%) 32.1+15.9 33.3+£12.8 0.84
TVS’ (cm/s) 9.7+3 1003 0.73
HV S/D 16+05 1.59£0.8 0.71
NT-proBNP (pg/ml) 8285.5 £9915.7 3522.7 £ 3665.4 0.02
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IA Ly a a o o dl 1% o .
ﬂ’]f‘ﬂﬂmﬂ%lmluﬂW?Wﬂqﬂ?Mﬂ’]?m@NZ\]ﬂq?Q@ﬂﬁ@ﬂsﬁﬂ1ﬂ@WﬂﬂW?ﬂﬁuQm ROC analysis

A8 1) AN9ARAT893ZAL NT-proBNP = pg/mi(sensitivity 82%, specificity 40%, area under
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the curve(AUC) 0.60) 2) ﬂ'ﬁ’imﬁmm TAPSE = 14 mm( sensitivity48%, specificity 77%,
AUC 0.60) 3) ﬁﬁ‘-gmﬁm“ﬂm RV TDI S’ = 8.5 cm/sec( sensitivity 57%, specificity 79%, AUC

o

0.69) AN AR M9 6

A13799 6 AN cut off, area under ROC curve of TAPSE, lateral TV S’ and NT-proBNP ,

sensitivity LAz specificity

Cut-off AUC Sensitivity Specificity

(%) (%)
NT-ProBNP (pg/ml) 950 0.60 82 40
LVEF (%) 48 0.54 77 40
RVFAC (%) 34 0.61 71 54
TV S’ (cm/s) 8.5 0.69 57 79
TV a (cm/s) 9 0.68 56 79
TAPSE (mm) 14 0.60 48 r

AINN19MIIA echocardiogram WUAYININUBINIINNIUIR laTiasuaHtaLnF
sz nsiAnE 18 AU (29%) Tmmzwumn’tunzﬁuﬁﬁmiﬁwmmmﬁq%ﬁm%ﬁwﬁmﬂnﬁé@u
el wuihe 40% annmsAntinuinlufihengaiinsinnuaesinlafiesdnadnilaign
Anngnneusialatiasaindnfaaainn1smneaa echocardiogram taadnAn TAPSE vz RV

TDI' S
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TunsAnETlHUszitumanNa nisaaes NT-proBNP Las parameter a1n
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Logistic Regression Analysis Tmﬂmmmuqﬁ Kaplan-Meier curves W11 parameter a70

echocardiogram (TAPSE 3@ RV TDI ') @13113091118n19@833m, n1sin1azsialaduivag
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HatinsliadAnynealis(p = 0.076) waNANIUsLAL NT-proBNP 44391ilN19ana3189
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WHUNHT 1 uamd Kaplan-Meier curve 131 event free survival(@T35 1199 re-

hospitalization AN CHF 138 re-ER visit 490 CHF) AMNA19ARATBINT-proBNP

1.00 Kaplan-Meier survival estimates
B N E—
L
0.75
Survive probability
0.5( —\—‘—\—‘
P=0.076
0.25
0.0(
| I T I I
0 2 4 6
Number at risk Months
BNP<950 pg/ml 18 17 17 12
BNP>950pg/ml 42 35 23 16

-~ BNPs<950 pg/ml

BNP>950 pg/ml
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WHUNHT 2 uams Kaplan-Meier curve 131 event free survival(@T36 1199 re-

hospitalization AN CHF 138 re-ER visit 491 CHF) AMuAqafAnas RVTDIS'

10 Kaplan-Meier survival estimates
|
0.75 \—\—‘
0.5 P <0.001
Survive probability
0.25
0.0(
| I T I I
0 2 4 6
Months
Number at risk
RVTDI S'<8.5cm/s 18 13 5 3
RVTDI S’>8.5cm/s 41 38 34 24

—RVTDI S'<8.5¢cm/s RVTDI s’>8.5cm/s
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WHUNHT 3 uams Kaplan-Meier curve 151 event free survival(@8T35 1199 re-

hospitalization AN CHF 138 re-ER visit 490 CHF) ANA1qn6naas TAPSE

10 Kaplan-Meier survival estimates
|
0.75
0.5( P=0.013
Survive probability
L
0.25
0.0(
| I T I I
0 2 4 6
Months
Number at risk
TAPSE<14 mm18 14 7 5
TAPSE>14 mm42 38 33 23
TAPSE<14 mm ———  TAPSE>14 mm

ANN9IFILIELANN event free survival curve AILARY NgNELIaNHNsEAL NT-
proBNP < 950 pg/ml ilag RV S'> 8.5 cm/sazil event-free interval ﬁm’aﬁqm(median
survival + SE 5.7 + 0.2 1aau, p < 0.001) nguEtloandszAl NT-proBNP 2 950 pg/ml uay

RV TDI S’ < 8.5 cm/s avdl event-free interval ﬁﬁuﬁ@m( median survival + SE 2.8 + 0.5

©

ihaw) nquEtlaeNNIZAL NT-proBNP gesaniu RV TDI S’ g9 uaz ngngileeniszd NT-

a

proBNP fn9aNfu RV TDI S’ Anazdl event-free intervalln&LAeais( median survival + SE

5.0 + 0.4 and 4.3 + 1.4 LAAUATNANAL



1.00 Kaplan-Meier survival estimates

] L]
o ﬁ—j@
1
Survive probability O'SE
P <0.001
0.25
0.0
T T T T
0 2 4 6
Months
Number at risk
RV TDI<8.5cm/s,NT-proBNP<950 pg/ml 3 2 2 2
RV TDI>8.5cm/s,NT-proBNP<950 pg/ml 14 14 14 9
RV TDI<8.5cm/s,NT-proBNP>950 pg/ml 15 11 3 1
RV TDI>8.5cm/s,NT-proBNP>950 pg/ml 27 24 20 15

RV TDI<8.5cm/s,NT-proBNP<950 pg/ml RV TDI>8.5cm/s,NT-proBNP<950 pg/ml

RV TDI<8.5cm/s,NT-proBNP>950 pg/ml RV TDI>8.5cm/s,NT-proBNP>950 pg/ml|

WHUOHT 4 uans Kaplan-Meier curve 13U event free survival(@835 1199 re-

hospitalization AN CHF 78 re-ER visit @90 CHF) AMNA19A6AT8INT-proBNP
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a

LLNuQNﬁ 5 LAAY Kaplan-Meier curve 411131 event free survival({AeT36 174 re-

hospitalization AN CHF 1138 re-ER visit 490 CHF) AMNANqARATAINT-proBNP Laz TAPSE

1.00 Kaplan-Meier survival estimates
] \
0.758
0.5¢
Survive probability .y P =0.008
0.25
i L
0.0¢
| I I T I
0 2 4 6
Months
Number at risk
TAPSE<14mm,NT-proBNP<950 pg/ml 2 2 2 2
TAPSE>14mm,NT-proBNP<950 pg/ml 16 15 15 10
TAPSE<14mm,NT-proBNP>950 pg/ml 16 12 5 3
TAPSE>14mm,NT-proBNP>950 pg/ml 26 23 18 13

TAPSE<14mm,NT-proBNP<950 pg/ml

TAPSE>14mm,NT-proBNP>950 pg/ml

TAPSE<14mm,NT-proBNP>950 pg/ml TAPSE>14mm,NT-proBNP<950 pg/ml

ANUKUNH Kaplan-Meier curves NWENI938ATR6 WL parameter AN

A o

echocardiogram ( RV TDI $)@1unsninunanisidednn lfasdeldad1Amynieais

(p < 0.001) UAZLHNAWILAL NT-proBNP g439urilin198na3189 TAPSE (p < 0.05) 1138 RV

] o

TDI S’ (p < 0.001) @1x130 lEsauiulunisnennsainisde s hatamdudAyuniead i

o

1
[ |

LufuAITLAA LN LN RN 6-8
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WHUNHT 6 wand Kaplan-Meier curve #1435 event free survival(W@eT36) ANNAIRAFRUD

RV TDI &

1.0

0.75

Survive probability

Kaplan-Meier survival estimates

—\—\—‘—

0.5¢
4 P <0.001

0.25

0.0E
I T I I
0 2 4 6

Months
Number at risk for death

RVTDI S's8.5cm/s 18 13 5 3
RVTDI S'>8.5cm/s 41 38 34 24

— RVTDI S’s8.5cm/s

RVTDI S’>8.5cm/s
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WHUNHT 7 uAns Kaplan-Meier curve 15U event free survival(@8T3m) FINANAFATEY

NT-proBNP Loz TAPSE

Kaplan-Meier survival estimates

1.00
0.75 - \—‘
Survive probability 0.5C
0.25
P=0.042

0.0(
I I I T
0 2 4 6

Months
Number at risk

TAPSES14mm,NT-proBNP<950pg/ml 2 2 2 2
TAPSE>14mm,NT-proBNP<950pg/ml 16 15 15 10
TAPSE<14mm,NT-proBNP>950 pg/ml 16 12 5 3
TAPSE>14mm,NT-proBNP>950pg/ml 26 23 18 13

———TAPSES<14mm,NT-proBNP<950pg/m| ———TAPSE>14mm,NT-proBNP<950pg/ml
_ TAPSE<14mm,NT-proBNP>950pg/ml TAPSE>14mm,NT-proBNP>950pg/ml
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WHUNHT 8 uamd Kaplan-Meier curve #1351 event free survival(@¢T35) ANANAAFRATDY

NT-proBNP Lo RV TDI &

Kaplan-Meier survival estimates

1.00
0.754
Survi babilit
urvive probability 0.50—
P <0.001

0.25+

0.004
I I I I
0 2 4 6

Months
Number at risk

RV TDI=<8.5cm/s,NT-proBNP<950pg/ml 3 2 2 2
RV TDI>8.5cm/s,NT-proBNP<950pg/ml 14 14 14 9
RV TDI=8.5cm/s,NT-proBNP>950pg/ml 15 11 3 1
RV TDI>8.5cm/s,NT-proBNP>950pg/ml 27 24 20 15

RV TDI<8.5cm/s,NT-proBNP<950pg/ml ——RV TDI>8.5cm/s,NT-proBNP<950pg/ml
RV TDI<8.5cm/s,NT-proBNP>950pg/ml RV TDI>8.5cm/s,NT-proBNP>950pg/ml
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137994 echocardiographygnisinanuaassialatiasuanlag 1 RV TDI index 17a
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[23]WL41A1 TAPSE #fiaandn 14 cm Tugilasialadumanfianisinanuinlatiasing b
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nustunndeyasuise

Case record form No

Inclusion criteria
___Age>15year
___Sign consent
___Acute decompensated HF or acute new onset HF
Exclusion criteria
___Creatinine 2 3mg/dl or dialysis patient
____Severe comorbid diseases eg.
__Sepsis
__End-stage malignancy
__Severe cardiac condition requiring cardiac surgery
__Acute coronary syndrome
__Other medical conditions : prolonged hospital stay > 2
weeks
____Severe valvular heart disease (MR/ MS > 2+, AR/ AS > 2+)

Poor acoustic window

49



1. Baseline characteristic at first visit

1.1 Date admission
1.2 Sex male  female

1.3 Birth date

1.4 Weight at diagnosis CHF or admission

1.5 Weight before discharge Kg

2. Past history

Kg

50

YES

Comment

CHF

CAD

CKD

AF

DM

HT

PAD

DLP

Stroke/TIA

Device( iden: CRTor AICD)

Chronic lung

disease(COPD/asthma/bronchiectasis)

Smoking

Previous LVEF(if yes:value)

Previous echo:PHT(f yes PAP)

Previous NYHA class




3. Physical examination

51

Yes

Comment

Crepitation

Edema

Dyspnea

First BP

First HR

First RR

4. Investigation

Yes

Comment

CXR:pulmonary

congestion

ECG
SR
AF/Aflutter
Ischemia

QRS duration

BUN

Cr

Na

K

HCO3

Troponin T

Hb




5. In hospital

5.1 duration admit critical care unit

5.2 Echocardiography  yes

LVEF %

PAP mmHg

5.6 Management

52

Yes

Comment

Ventilator

Dialysis

CPR

Devices

Diuretic if yes last dose

Dobutamine

Dopamine

NTG

Milrinone

Nitroprusside

Morphine

Other




5.7 Home medication

53

Prescribe

Dose

Diuretic type

ACEI

ARB

B-blocker

Aldosterone antagonist

Digoxin

Nitrate

Hydralasine

Lipid lowering agent

Antiplatelets

Warfarin

Other

6. Discharge

6.1 date

6.2 Status Improved

Refer

Death, cause

6.3 Cause of HF
THD
VHD
DCM

6.4 NT pro-BNP

Value pg/ml date /time

HT

Arrhythmia

Other




7. Echocardiography parameter : Date

time

54

Parameter

LVEDD(mm)

LVESD (mm)

LVEF(%)

Mitral E(cm/s)

Mitral A (cm/s)

Mitral E/A

Mitral e’

Mitral E/e’

RVFAC(%)

TAPSE(mm)

Lateral TV S’(cm/s)

Tricuspid E(cm/s)

Tricuspid A(cm/s)

Tricuspid E/A

Tricuspid DT

Tricuspid IVRT

Tricuspid E’

Tricuspid A’

Parameter

Tricuspid E’/A’

Tricuspid E/E’

RAVI

Hepatic S

Hepatic D

Hepatic v. DR

Signature

DATE




Follow up 6 month No
1. Date visit
2. Status
___Alive: NYHA class
_ Death : cause
__ Heart transplant
___Revisit ER due to heart failure
___Rehospitalization: HF_~ /non HF
~ Lossto F/U

3. Medication at 6 months

Prescribe Dose

Diuretic type

ACEI

ARB

B-blocker

Aldosterone antagonist

Digoxin

Nitrate

Hydralasine

Lipid lowering agent

Antiplatelets

Warfarin

Other

Signature DATE
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