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The b-type natriuretic peptide (BNP) values and increase on functional disorder in the ventricle,
and are used as an index to diagnose heart failure and predict the prognosis. BNP values is known
to be relevant to dyssystole in congestive heart failure. This study aimed to identify correlation
between the BNP values and the items that indicate the diastolic function in echocardiography. The
research divided 188 patients who went through the BNP test and echocardiography in the hospital
into the groups with the BNP values; <100, 100-300, 301-600, 601-900, and >901 pg/mL. As
the BNP values increase, there was relevance with the echocardiography items of ejection fraction,
size of left atrium, E velocity, A velocity, Deceleration time, E/A ratio, E', A, S' and E/E". In
comparison on the groups divided based on the BNP values, E/E' had the highest relevance. The
research also categorized 67 patients who diagnosed with heart failure. In comparison on the
groups of the heart failure patients, the BNP values of the three groups of Grade I: 623.0£459.7
pg/mL, Grade II: 1013.2+1155.1 pg/mL and Grade Ill: 1693.4+1544.0 pg/mL, respectively (p<
0.01). As the grade was higher, there was a higher relevance with the echocardiography items of
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E/E'(p<0.001). Higher BNP values had a higher relevance with the items that indicate the diastolic Department of Biomedical Laboratory Science,
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function of heart.
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(transmitral early diastolic velocity, E velocity)2} &
%) =505 o] 3 SRMR| 27] oh7] 4 (tissue doppler
early diastolic mitral annular velocity, E"), ZL2] 1L & 3=-9] H]

BEE), BYA FU 24 5 A2 AR AgED gk

FA2 4 e s e AEE
(ejection fraction, ER)o] frath= 354 KA #4418
E2 AR GAHHA A o]k 5ol FollE doA #A
Al FHkgfo] Aot o] AR O R FLESE 4= Qi

Altro] o] b A k2 Lol A A o= sstA |
o}, SERES] S5 W R A o] Alo] o]k o A7}
ATH= Ao] B A TH9,10]. 23] =&8 Y-S BllA SRIE
9] 7] o]&7] £E(E)E FH k= A2 244 o] ek 715l et
M Zgatol| A 83 FE-S AA|RITHI-11]. Eok SRR A
9] 24 EZe|= AR preload) 22 FeHA Hlo] v w A
A2 Qe W= 210 & A=A 9IrH10,12]

A o8 AAE ARAY S5 sl e 5
71 ool thsf B2 A5 Shigteh. TLe{uh AR o] gt o
Fof G = o] ol 715 Aoliehs AR ol AR ¥ A 1L
Utk Aol A7 B A2 #AA 8 E] olHA 4l
Al o] o|gh 75l Aol7F 9 woltH13,14]. BNP 57H= &84
AR A 22571 Aol Aot A3 o] Qe AR gl A 94
Tk, BNP} 414l o]$F 7] 552 At Aol gt A= Eds] o]
o 2| A L QITH15]. B 7= BNP Ao} 4l %-Sutof A o]¢t
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1) BNP 2o} AASI 0]2t7| g=1to Hi

2016 -+H 4783 (Buropean Society of Cardiology, ESC) 7}
o|=glelof A= BNP2| A4 cut-pointE 100 pg/mLE 3L o
negative predictive value7} 90%0] L2 X HA] vjA|o}= T2
W 2-g31A4= Ao}, Cleveland clinicoll A ARE-81L Q= B
of| wr2hA] 100 pg/mLel3}, 300 pg/mL ©J3}, 600 pg/mL ©|3},
900 pg/mL 013}, 900 pg/mL 27} 150 & Hslo] 4%-&ujo]
A4 L8 E(left ventricle ejection fraction, EF)¥} F41H Ui 7
(left artrial dimension), 18] 1L 0]¢k7] G011 % 7] o] ¢t
7] 4% Evelocity (transmitral early diastolic velocity), &7] ©]
7] &= A velocity (atrial contraction, late diastolic velocity),
DT (deceleration time of the E velocity), E/A ratio, -5 2-&2]
%7] ol¥k7] £% E' (iissue doppler early diastolic mitral
annular velocity), A' (filling velocity after atrial contraction), S'
(systole velocity), B/E &2 ¥ w63

2) BNP Z1et ¢J28 StX52| HAST 0[k7| g=14o| H|w

18895 A4 Aok W2 8} 6798 14l 25 mtot 3]
(American Society of Echocardiography, ASE)2] o] 271 5-9]
Az Aol Htro] whe} Relaxation abnormality (Grade 1),
Pseudonormalization (Grade II), Restrictive physiology
(Grade IDE &E573}0] ZF 153 A %21}9] BF, LA dimension
T18] 31 o]47] G E velocity, A velocity, E/A ratio, E', A, S/,

B/E'E3} v] W ok

3) @A B-type Natriuretic Peptide (BNP) ZA}

BNP AAR= ethylene diamine tetraacetic acid (EDTA)7} &+
54 tubeo]] AE-& 3 3lo] 1087 23000 rpm ©.& 105
7+ YAaie] & Hoxs2=47] (ADVIA CENTAUR, Siemens,

Surrey, Germany)& AR},

www.kjcls.org



396 Seong-o Bae, et al. Studies for B-type Natriuretic Peptide Values and Its Association with Diastolic Echocardiographic P

4) Mx S (echocardiography)

ARSI 54 vl 2503 o] Haretel[16] wheba] &
S| ({E33 xMATRIX Ultrasound System, Philips, Eindhoven,
Netherlands)= Aot o] HA Al Z23utke] A5 47 o
ToflA A 8 E(left ventricle ejection fraction, EF)-
modified Simpson's methode]l 2Jste] 57} 8} (Figs. 1, 2)

[16], 24" Z7](left atrial dimensioni= &1 A< thi

EX
(parasternal long axis view)°| 4] 78Sk THFig. 3). THI &
P T EE5S SR U JsHA MEEwS o0t

A HE-(leaflet tip)oll 1L ZF&Kpulse wave) EZHE A
o $EI x7] o]¢V] 4% E velocity (transmitral early

diastolic velocity), A velocity (atrial contraction, late diastolic

ot

velocity), DT (deceleration time of the E velocity), E/A ratioE
B7sFAHFiE. 4) [18]. o)A X3S (septal mitral annulus)
oA 1~2 mm HE E5& AXA7IAL 24 mEd FAtissue
doppler imaging)& o]&slo] $EHFO] 27] o] £5 F

LV Length 8.11cm

LVArea 325cm*
LV Vol 106 ml

Fig. 1. Left ventricular diastole volume in the 4-chamber view of
the heart, which was evaluated by modified Simpson's method.

LV Length 6.88 cm
LVArea 175cm?
LV Vol 37 ml
EF (A4C) 5%

Fig. 2. Left Ventricle systole volume in the 4-chamber view of the
heart, which was evaluated by modified Simpson's method.
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(tissue doppler early diastolic mitral annular velocity), A'
(filling velocity after atrial contraction), S' (systole velocity) ,
E/ES 7013 ekFig. 5.

5) S41& HitH

BNP 4] of thg Ao & Hoti 7] 913te] BNP 2¥= 571 e
O 2 UL, AR Aok gk SS9 grade] THE Aol &
471 9f8te] ARGk A3 TS 3719 grade® E70F S
o, H 7+ AolE Hwslr] $J8ke] one-way analysis of
variance (ANOVA)E o]&sl4al, t5H|iEE turky HSD,
Games-Howell AFF-A5-5 A3t -2/ 9] 72 patol
0.05 PIRtO = 3¢l o, K= $A A2]i= SPSS version 17.0.
(SPSS, Chicago, IL, USA)= ARE-sl4 Lt

Z 1
1. BNP Z1tot MAZT} 0|2t7| SZ1te| H|w
A} 3= 188H (4 75, ©] 113)2.8 BNP 27 100 pg/mL ©]

= 229(FHet A7 73.4+15.04), 300 pg/mL ©J3k= 507
(73.5+15.94)), 600 pg/mL ©|8H= 4478(72.1+15.44), 900
pg/mL ©J3} 31%(75.3+9.7A1), 900 pg/mL 23} 417(72.8+12.9
Aol

BNP Zte] ujet £570F TFoNA 41281} 0|97 3H5ate]
H| W+ EF (p<0.001), LA dimension (7=0.004), E vel. (7=0.001),
E/A ratio (p=0.006), DT (p<0.001), A’ (p<0.001), S' (p<0. 001)
E/E' (p<0.001)0ll A1 f-2]8t At A7 1Sict. A vel.@HE-2

ool 1%Th(p=0.634, p=0.318). FAA FHEERH> #%H
& UehfE 2| 30|71 8127 BNP A7Hsold 42 2o A

AE 2 B ojFel=1|(p<0.001) 100 pg/mL ©]3} 1ol A= =}

+ LA Dimen 3.84 cm

65bpm

Fig. 3. Left atrial dimension in a parasternal long axis view.
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+73.
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1.6MHz -

WF 125Hz
SV4.0

93.7Tcmis g 3cmmm

204 ms

:x MV A Vel 85.2 cmi/s

E/A

1.1

Fig. 4. Mitral inflow blood flow was
measured by using a pulse wave
Doppler with a sample volume in the
leaflet tip parallel to the direction of
the flow of blood and measuring
mitral valve diastolic velocity (E velo-
city) (Atrial contraction, late diastolic
velocity), DT (deceleration time of the
E velocity), and E/A ratio.

+ Med E” Vel 10.8 cmis
:: Med A” Vel 10.5 ecmisg gem

= Med S Vel

E/E”

W4 .0mm

9.6 cmis

E' /A" Medial

/Yy v

A4 FEE©] Hato] 56.6+8.8%, 300 pg/mL o3t 1F2] Bt
&54.4+12.2%, 600 pg/mL o]} TEo A Q] Bto] 52.6+11.4%
o8 45 71%S B, 601 pg/mL o TLEell A
0] 48.6+16.2%% FAA Q] $:27)50] TAHS HolF)
187ke] vl welAl= 300 pg/mL ©]8t, 600 pg/mL ©]&t, 900
pg/mL o|8} 1& 7he A x8u} o]9y] FEET} 03} Kol 7}

Aok 9 T 2E 7P B oA B B B0l
E}(Tab e D).

2. BNP Z1je} o8 2IX(S0| MAST} 0|27 | eh=Fate| Hlw

S
lo

¢
[

A e 2 A= 67 (19, o] 48), 1 A] o> 2
A= 1219 56, ] 6501 ek AR A -2 678 A%
Lato] o|¢7] wfE] © & JLESE T120] 4= Relaxation abnormality
(Grade D) 235, Pseudonormalization (Grade IT) 23, Restrictive
physiology (Grade I11) 217 ©] $it}. BNP A3t= Grade I &
oA Bt 623.0+459.7 pg/ml, Grade II IFolA Bt

O

Fig. 5. Mitral annulus and tissue
doppler imaging was used to determine
the early diastolic mitral annular
velocity E ' Velocity after atrial con-
traction, S '(systole velocity), E/E'.

. —cmi's
=-12.0
S50bpm

75mmis

1013.2+1155.1 pg/mL, Grade III &4 1693.4+1544.0
pg/mLE XI2Y FEof w24 o] UTHp=0.01). Grade7} &
A= A 251t 9 BF (p=0.006), LA dimension (p=0.001),
Evelocity (p<0.001), A velocity (p=0.012), E/A ratio (»<0.001),
DT (p=0.001), A" (p<0.001), E/E' (p<0.00D)2F A7} A3
o}, 12U E 9FS -2 5-o4d0] llth(p=0.695, p=0.143). T151t
o] vmofA Al 15F B on] Q= AiE Bole 4l kst ol¢t
7] @52 B/A ratio 2+ A’ ]It Table 2).

i
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B-type natriuretic peptide (BNP)& 17-0F0] 124
7HL 52 o Aol SIS AL Sl
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Table 1. Comparison of the BNP values and echocardiographic diastolic parameters

BNP level A B C D E F-distribution ~ p-value
Number 22 50 44 31 41
BNP (pg/mL) 43.1+241 187.3%£56.4  430.8£83.7 737.0£83.0 1866.0£1098.0 77.574 <0.001
Age (years) 73.4%15.0 73.5+15.9 721+154 75.3+9.7 72.8+129 0.242 0.914
EF (%) 56.6+8.8 54.4+12.2 52.6+x11.4 486+16.2 34.1+14.1 18.690 <0.001
LA size (cm) 3.8+0.7 41+0.7 41+0.7 43+0.8 4.6+09 4.056 0.004
E vel. (cm/s) 60.9+16.0 789+283 79.1+31.4 84.2+31.4 93.7%+26.6 5.121 0.001
A vel. (cm/s) 88.0+19.9 90.1+28.6 88.0+31.9 98.2+90.0 81.3+29.4 0.640 0.634
E/A ratio 0.8+0.4 1.0£0.5 1.0+0.5 1.2+0.8 1.4+0.7 3.771 0.006
DT (ms) 243.6+74.0 232.8+66.2 217.6+68.6 209.1+68.7 171.0+40.1 7.065 <0.001
E' (cm/s) 51£1.8 49+18 45+1.4 4717 43+13 1.186 0.318
A' (cm/s) 9.4+19 8.0+2.0 7.8%+2.1 7.9+25 6.4+23 7.599 <0.001
S' (cm/s) 7.5+1.5 7.0+x1.5 6.6+1.4 6.2+1.6 5.4+19 8.055 <0.001
E/E 12.6+3.7 17.5+7.2 19.4+8.4 19.6+8.8 23.3%+9.4 6.976 <0.001

A, <100 pg/mL; B, <300 pg/mL; C, <600 pg/mL; D, <900 pg/mL; E, >900 pg/mL.

Abbreviation: BNP, B-type natriuretic peptide; EF, ejection fraction; LA size, left atrium size; E vel, transmitral early diastolic velocity;
A vel, atrial contraction late diastolic velocity; DT, deceleration time of the E velocity; E', tissue doppler early diastolic mitral annular
velocity; A', filling velocity after atrial contraction; S', systole velocity.

Table 2. Comparison of the BNP values and echocardiographic diastolic parameters of heart failure patients

Grade Grade 1 Grade 2 Grade 3 F-distribution p-value
Number 23 23 21
BNP (pg/mL) 623.0+459.7 1013.2+1155.1 1693.4%1544.0 5.014 0.010
Age (years) 78.7+7.5 72.7£16.8 70.3£11.2 2.700 0.075
EF (%) 447+14.8 43.6+£17.0 30.2+16.1 5.492 0.006
LA size (cm) 4.2+0.7 4.7+0.4 49+0.7 7.593 0.001
E vel. (cm/s) 66.2+17.7 102.3+24.4 110.2+£25.1 24.203 <0.001
A vel. (cm/s) 93.0+21.6 109.2+100.2 54.1+15.1 4.732 0.012
E/A ratio 0.7£0.1 1.2%0.3 2.2+0.8 56.826 <0.001
DT (ms) 220.2%65.1 221.8+67.4 153.5+55.2 8.270 0.001
E' (cm/s) 43%13 43%14 4.0+0.9 0.365 0.695
A" (cm/s) 81£15 6.2+1.7 49+1.6 22.456 <0.001
S' (em/s) 57%1.3 56%1.3 50%1.3 2.009 0.143
E/E 16.2+4.1 25.7+8.38 28.8+8.5 17.450 <0.001

Abbreviation: Grade |, Relaxation abnormality; Grade Il, Pseudonormalization; Grade Ill, Restrictive physiology; BNP, B-type natriuretic
peptide; EF, ejection fraction; LA size, left atrium size; E vel, transmitral early diastolic velocity; A vel, atrial contraction late diastolic
velocity; DT, deceleration time of the E velocity; E', tissue doppler early diastolic mitral annular velocity; A', filling velocity after atrial
contraction; S', systole velocity.

A9 B 9] Aol A HEFS vid S S7H710, 87 5 50 B aE Holthz Abdo] defAHA], o]e7] 4549
7 71H, ATt BEte] o)ehs FRAIZICH21]). T3 A% Aol Tale] AL QlrH25,26]. 257 7]50] Akl AR g
Z T (cardiac filling pressure)¥} ¥ (pulmonary artery o] X BA| Eot LTS AN 7] = o] A O] ALE 52 423
pressureye ZHAA7|3L AHpE GASIAIITH22,23]. 2 o 7] AR gAtel S UATHARE 7] AR gAtel o] A7) 4
Fo A= BNP X7k A58 5-0) S5 of| whet vl & Sko] 5719 TE A= AE B Aol
a1, FAA L] 7)1t AR A o] Aol YAl JlrH24l. BNP 2= 24 7] 5t ou] Ql AAlE Hojs
AJRAL AA 7150 oo & Qlsf AA|7F R F3H= ofulA] AFA Akl §lo] Wol o] -gs}ar Qli=tl, 57 A5 Ak
HARE Ao] A1 W] HARehS P obA] ok AH oA BNP2] 44 -87d-2 1 =] a1 A wH27,28], o1¢7] 4l
oAU A A8 BHEEhS 517] Sl Al SRo] SRR ol A= BNPE] Xeke] Aelo] lF= 4] okal olek. =3t
Efo|ct, ARHL 27| AT o] 9] AR 0 & BFoleT| ol¢h7] AR et 7]Eo] -1 Yot v]sro] A& A o
W2 o8} ool A] ARAZ2] 30 ~50%0f A 4l Al 0] 42257 7] o AR S HIASARI O R A V)5, Ao A, ol $

www.kjcls.org



£ B7F S 5 = 7P 83 ALl THR9). Al A A of] tigt
et gl AR o] Rlof tfdt Aol 583 7155 sk A
ot AL p57] Aol T2 FAA FEE UL, AL 5
O] 7HAR £l o] Aollz SEIY AR A2 5
T 8JERE 0] 83}o], B/A ratio, Deceleration times—= ©]
Gto] &It 4= Qlr}. ofA] HE A %59 At 72X 75 U E]
A 2 Ao ar S} v|RksEAL HlZ ko] Ql= - XIke]

AN
U Az Ca} 7|20 oJ8) AlEA Rcto] 714F

)
oh
juko)
o
s
o

oo
o
l
%0,
i

2
o &
>~ Mo

o,
=)
oX,
P
1:_1[@
0
ng
A
2
BN
N
ol
i
ot}

4] Htissue doppler
imaging)®] o|-&= go] EHs} Hof7kal Qirk, 24 m&d FAt
& 19899 Isaaz 5ol ol A2 270E 7d o= Af =&eHot
ZZo] A3 e Fupo] 24 L ELASE MH o & 7Hu}
EEPE o83l A4S AARECITH30L. o] of8-8f A
EEEESAT P ol E S A B E S =R
& A QItH10). A5 Hof| A BNP7} 57 th= 212 o]n] &

7] ARAE AFT £ =Aol el 2949S e R
Doppler A& AAAAS 7|50 2 3t L) A Lubien 52
oleh7] 5 Aol o] A& 42575 ol A&7 H|=ot i &

S "o E]'El

| restrictive filling pattern 2. W] BNP =47} o &%
HIBACH3L. B ATOIAE AR 2 679
Restrictive physiology (Grade III) 15594 BNPS] A3} 7}
) 54H 232 HolF

2 A AR o R = %‘%‘—Xd_ Zlctof] Qlof =543} o ¢4
R S RES FE R

X N A
RSB/ 6702 A ks, T bl B Aol
%

o3t ofN

il
ok,
2
o
=)
>_“_,
4z ok
2 e

o,
Lo
il
o)
rlo
s
i>|4_:4
1o
e,
-
N
e
fo
o *
)
=
2
iy
RS
n:
r
e
%
0
oF
4 2 K

ApAL] 718 AR 1A QL7 1ol B B4l S
QIeh oIk, 4 % o g olgb] AR Aehe
ohaho 2 BNP 2ot 42859 olghy] $HEE 0] elrh A48
che BNPS] 7M1 B8 448 Holet Az,

G

o
=

fFo

B-type natriuretic peptide (BNP)2} 4] Z&-Luh= A1 54 2ot
I A FE TSl AREN 55 7)ol B A E YL
L 2 dtol A= BNP 27} A5t 0] 9k 7158 Yehl= &
O] AJHEHAIE gotE At et BNP HARE A2SuhE A4
OF 1887 /0.2 BNP Ao whe} 57150 2 F7oal, A X
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Sute] Al FEE, Y 370, E velocity, A velocity,
Deceleration time, B/A ratio, E', A", S', B/E'2}e] AFHIAIS A
Sk, 71 F ARAS Ad 2 677
(Grade D), Pseudonormalization (Grade II), Restrictive physiology
(Grade IIDE & £7k1L BNP 23} A 223} 3-8 H| 1
o AT BNP 4H 7 584 E A2 0 8 5 244 s,
249 327, B/A ratio, Deceleration time, A, S', B/E'} -5-2J3F
AL U, T11Ee] Bl oA B/E o] 7Y & -9
45 HolFgleh AR $Ae] 5 Eoll W BNP A=
623.0+459.7 pg/mL, 1013.2+1155.1 pg/mL, 1693.4+1544.0
pg/mLE /o] Ao (p<0.01), Tgol ZHd-= 4
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