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The Prognostic Role of B-type Natriuretic Peptide in Acute Exacerbation
of Chronic Obstructive Pulmonary Disease

Ji Hyun Lee, M.D.", So Yeon Oh, M.D.", Iljun Hwang, M.D.",
Okjun Kim, M.D.2, Hyun Kuk Kim, M.D.",
Eun Kyung Kim, M.D.1, Ji-Hyun Lee, M.D."

Department of Internal Medicinel, Department of Emergency Medicineg,
College of Medicine, Pochon CHA University, Seongnam, Korea

Background : The plasma B-type natriuretic peptide(BNP) concentration increases with the degree of
pulmonary hypertension in patients with chronic respiratory disease. The aim of this study was to examine
the prognostic role of BNP in the acute exacerbation of chronic obstructive lung disease (COPD).

Method : We selected 67 patients who were admitted our hospital because of an acute exacerbation of
COPD. Their BNP levels were checked on admission at the Emergency Department. Their medical
records were analyzed retrospectively. The patients were divided into two groups according to their
in-hospital mortality. The patients’ medical history, comobidity, exacerbation type, blood gas analysis,
pulmonary function, APACHE 1I severity score and plasma BNP level were compared.

Results : Multiple logistic regression analysis identified three independent predictors of mortality: FEVj,
APACHE 1I score and plasma BNP level. The decedents group showed a lower FEV{(28%+7 vs. 37%
15%, p=0.005), a higher APACHE II score(224F6.1 vs. 15.8%4.7, p=0.000) and a higher BNP level (201
+116 vs. 77£80pg/mL, p=0.000) than the sSurvivors group. When the BNP cut-off level was set to

88pg/mL using the receiver operating characteristic curve, the sensitivity was 90% and the specificity
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was 75% in differentiating between the survivors and decedents. On Fisher's exact test, the odds ratio

for mortality was 21.2 (952 CI 249 to 180.4) in the patients with a BNP level > 83pg/mL.

Conclusion : The plasma BNP level might be a predictor of mortality in an acute exacerbation of

COPD as well as the FEV; and APACHE II score. (Tuberculosis and Respiratory Diseases 2004,

56:600-610)

. Chronic obstructive pulmonary disease, Acute exacerbation, B-type natriuretic peptide.

Key words

M

M

oF4 7 el

L
L

WA A LB F BA

(functional status)", ¥4

&3 Ay
A

SR

=

Z o
5=

F, 2020 ol =

2 A3

o WA

=
=

14 }\]_

o3
o

!

b Ael S R o

3

Mo
o

J3 B9 2ol

L
o

o

=
W
0o

~
Njo

A

49w

=13
=

1

o
el

UE

I} =7 s7|Ee

3

7}y

of

=

SR

=
&

o3

& & ok e ole

gatol A

6‘}

N
-

ol

ume in 1 second, FEV)e] 1L ©|

06L ©I

T0%7HA] KA1 A]

L
L

atoll A

Azl @A 2

L
L

A7 A

o <3 o) H4g, At

o opn

otslElo] LehAl fo

44

8% B-type natriuretic peptide (BNP)+=

4% A 14%7H]



1

A

o

AN 452, type 2

92 type 3

— J. H. Lee, et al —

3] 3714

9] 3714

ohieh 3

—
3

ﬁAL
-

<R

H

d

LRI R

o

A 5%

kel
=

170t

=
K

L

L

e

o

37}

s
a

I of] A1

+ = 1

To
o
Xlo

<0

7}

\

A ETE 20%60]

2ol

o)

s

A
| F

;O.ﬁ

(radioimmunoassay; RIA)S ©]

il

time)  ©]

31 5mg? pre-

)

Ho|A}, E/A ratio

=

7].?‘5]—
A 9]

[¢)

=

ZF 3% ol

L

L

o] kA1 7H(decelerating

d

A 1

<

’

=]
-

AN e At

Ak, W
S
dnisolone@} 5% o9 AHZO=E AlEslaL

st €% BNP #tol

o

=]
R

HAth

o

[¢)

a
RHg ) 2 g o A g2

o]

=

=

s

BNP A}
(¢

=
K

29

e
Al

A
BNP #HARE Al &) 5]

O

L

L

!
20021 69 5-H 20039 129744 EHTE O

=
5

o

ot

W &84 71

L}o
FEV: 9 S717F 15% 1]vko]A

(FEVY/FVO)el 70% ™

o
o

3

I

“

3l Acute Physiologic

3
(body mass index), #
A 24~

k)

X

1A} Eff

A
N

R
and Chronic health Evaluation (APACHE)

24

ol

+

k<)
“

Al i3

3

]

 200mL #|

A

A

ToF
o

17F W

o4 7173 o

An, A

7I's

#7]

sl

RS

[e)

o] &5l wet type 1, 2, 3

=

[¢)

3, Anthonisen



st

107 ] Apgs

[

T 670U 2HRES T

3]

]

3
JO

)

2 1d el

b

— BNP in COPD exacerbation
[e)

missing value® 2]

o

.

=
3L

2 3% g ke el A

24 27
SPSS 10.0

OMELT%_FM%%%M%%%&W%MﬁﬂnM%%ﬂ%ﬁ
I~ < X s 0 o7 7 .
m M E LTy dE g Zn 5K T o8 % w
o] ® T e T de N o gﬂ]ﬂﬂlm < = @ o
[ mo %0 5 OF o B X oz R B %.L =T M 3 m © g My
AR CL I S-SR S I T L - T
mrmo%_]aAwn W.wﬂﬁu%@mémrﬂmmmﬂ% o g Mo X
ﬂ%ma,uﬁwn%%ﬂﬂAﬂﬂ.%.yxﬂxyﬂmmw(rﬂmuoﬂ
ERRET o H o PERERE Ly &=
o - o o <) ,Fm/ PL FH R Ko N ~o B % w4 1_.|_y e oF o Ho
- . ) o —_
B 2pbff=-255 22 0 c28-pze
— Mmoo 2 OEK B gy o) o BE e WO % X R
g FETazdniageritiieg AL
B Zxerpd i s verss i frsc Lol
0w L - TN L S =% = B
= ﬁwmmwﬂl%ﬁaﬂﬂwﬂmm%%ﬁm/\S%moW;.Li]mcdw
—_ o) J J L ] f = ‘MO
) ,zﬁimo,ﬂooﬂiﬂ%7ﬂrﬂrﬂrmmﬂ§§ﬂmﬁd%%ﬂ
It ,uT,ﬂ%%ﬂﬂaﬁﬁuﬁu%F%)mo»AEHE%
4 wnﬂﬂov%ﬂﬂMﬂﬂoM%zﬂ?wﬁ%ying%%ﬂmﬁ
.AH f ],I,l ~x g L -
T ozpeuitETSt T iewe GETE PR
l T WK OBOWPW T ORN F W E PR <~ M &S DR g E e
ToONTESEH AP BeRBLSTET
P A wE T T M X < KR w3 X
BRI Tl sdmTw B
ER TR L SR T R NI
o HtﬁIﬂ”ﬂﬂ ztdym.aﬂ_OI ﬂ..ﬁ;oW],nmo = o
H o " up = O o T o SN N
T HUZ,C OME‘A(\ o = o m A./ﬂumx
Lol oo T @ =7 = 2 5
Er A _ERrxw ™ PP B, B
— N o
%Mﬂ%ﬂﬂwcbt%ﬂ%% PETwaX _mbw
g TregQ™ ° T O om ST ™
Na  mMETST R gw EE TS pawl oo
7%ﬂmxwu_o€mw_/rmo_%oﬂﬁ@ = }m ﬂloﬁuAuEMﬂzT
= T8 o A =% o g %O - = N o= W ! s =
ForRTPogvhETEL o™ f 3L EiTICE
R ~ f —_
w B Ew L pR oy R o ok B s Fos
EON ol LﬂﬂAﬂ/tE:ﬁ N R dﬂo#oll_c.o ) B W
= it woon 3] o] Q! jn <0 > X o CRE e
T BT e BN S W L 5 2 T OO KT oo
o oy T No 5 .M ur ~ s t. A= ol 3 _Wln s o &L WY
Lo wm O L 58 E < Bl Lt
i R - . iF R )
s BN o E X Lw T I R (R GO
T ®ES G B ol 8 o B
o R o2 o e oW §ow < =y ~ B N o P
HE 2R P AT 5T W S N N W PG

ztol g B THTable 2).

L
L

0.001)°l

®



— J. H. Lee, et al —

Table 1. Descriptive characteristics of the patients: Survivors vs. Decedents

Variables Survivors (n=57) Decedents (n=10) p value
Male gender, (%) 45, (79%) 7, (70%) 0.446
Mean age, yr 71£9 73*11 0.435
Home oxygen 7 1 0.563
Chronic oral steroid use 6 1 0.960
Body mass index 202136 19.2%+43 0.436
Smoking habitus,
Current smoker,( PY) 28, (56=20) 3, (43%+23) 0.344
Exsmoker,(PY) 21, (47£18) 4, (50%37)
Comobidity
Diabetes mellitus 7 1 0.839
Hypertension 8 3 0.212
Chronic liver disease 1 0 0.675
Exacerbation type, 0.173
Type 1 23 6
Type 2 28 4
Type 3 7 0
Data are presented as the means=Estandard deviation. p value=p value of survivors versus
decedents

Table 2. Patients’ characteristics at and duringupon admission: Survivors vs. Decedents

Variables Survivors (n=57) Decedents (n=10) p value
Initial PaO,, mm Hg 6615 61+15 0.283
Initial PaCO,, mmHg 43%10 41*10 0.497
Initial FEV1,% of predicted 37£15.0 28+7 0.006
BNP, pg/ml 7180 201116 0.000
APACHE 1I score 15.8+4.7 2247161 0.000
ICU admission 11 5 0.008
Mechanical ventilation 8 5 0.001
Hospital stay 1621 2022 0.567

Data are presented as the means=Estandard deviation. p value=p value of survivors versus
decedents; FEV), Forced expiratory volume in 1 second; APACHE, acute physiologic and

chronic health evaluation

3. Atol CHES o F = of tesALS AWF A FEVI(%  of

predicted), BNP 2 2 APACHE I score’} At

’\}“}:r@)r AETS] v A & ] oF ouE Be A5 F e WS AtH(Table 4). BNP %

3% FEV1(% of predicted), BNP <%, APACHE 2 #xte] ¥ 9 APACHE II score, 398 2t

II score, T&A ¢ J%%] Az off S A2 B4 AFs B o (p=0.003, 0.005, 0.003)

SAHLRE o= Oqoqib‘r NP 747} 7 Jﬂrﬁﬂé T A A FFE AEJ] FEV FH= 9
A ol W AaE9H(Table 3)S X5} n 9l A¥E Holx| ekUTHTable 3).
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Table 3. Correlation between the BNP level and the other variables

Pearson correlation coefficient P value
BNP vs. Age 0.361 0.003
BNP vs. APACHE 1I score 0.342 0.005
BNP vs. PaO; -0.359 0.003
BNP vs. FEV,% of predicted 0.068 0.641

APACHE, acute physiologic and chronic health evaluation; FEV), Forced expiratory volume in

1 second

Table 4. Multiple logistic regression analysis for the prediction of in—hospital mortality

Variables Odds 5% Confidence e ot p value
ratio intervals
Age 0.979 0.844-1.136 0,021 0.783
FEV., % of predicted 1.263 1.007-1.585 0.234 0.043
BNP 0.982 0.966-0.998 0,018 0.024
APACHE I score 0.688 0.495-0.955 0375 0.025
P20, 0922 0.814-1.043 0,082 0.19
ICU admission 19993 0-348E+43 9.903 0.830
Mechanical ventilation 0.000 0-442E+34 10,619 0.818

FEV,, Forced expiratory volume in 1 second; APACHE, acute physiologic and chronic health

evaluation

Table 5. Fisher's exact test of the BNP level and APACHE II score vursusversus mortality

Survivors Decedents Total p value QOdds ratio
<& 40 1 41
NP(pg/mL) > g8 17 9 % 0.001 212
175 37 2 39
APACHE 1I score > 175 20 3 o3 0.013 74

APACHE, acute physiologic and chronic health evaluation

AEI} A daf BAHeR T 3 Aol B

%% BNP 3¢ APACHE II score ¥ FEV;
(% of predicted) 2.2 ROC A& W& u A
o}#f] WA (area under curve)< BNP7} 0.832(95%

AF 3 0.687-0978), APACHE 1I score 7t
0.810(9%5% A&7k 0.657-0.962)2-= FEV1(% of
predicted) 0.661(95% 41571k 0515-0.806)°l H]
3l Zow, BNP # 8pg/mLE 7IFo® 39S
u 88pg/mL ©]/ell Al Aol gk WIZFEE 90%,
EoltE B%E R APACHE 1 score 175
ool A= WIFE W Solwrt ZH7 80%, 67%%

o2 AEI AL ] I3t Fisher's exact testE
AlestaS o AFEEAE 1085 9] BNP 54
88pg/mL °l’d& R p &2 00012 S HS
3, WA= 2122 BNP 83pg/mL ol/dllAl Abg
& SEo] BNP 83pg/mL Wwhe] At} oF 21
Hl =58 o448 = ddrh E3 APACHE I
score 1758 7]Fo2 & A9 AE] g Fi-
sher’s exact test % p

TH(Table 5).

tHFig 1). °I& <71% 3t°] BNP 88pg/mLE 7]
s



— J. H. Lee, et al —

moop = T H P HRNTTRTETRR R NNRETIEFTRNT I o F G o
Tew W wEEH T ARANYPARAR_EE o0 FHGT R
Py P EEN YV PERRE Ty xR A ¥
_ _ T O o 5w 8 ~ r X
TR e e dgeam P RBE g mER D RBg s E &
I &\#HE_EinhmHﬂmo%m_x%mwmm%mwﬂ%ﬂanmﬂ%m w”ﬂéoﬁ% )
Br %o o o= i 0 T L < o A2 gm o S R g o =
oo PUoT ol = ,1 poE o WL oy X0 0 Koy o o = = mu oF
o= w o ) o = N B X° P = nm - o o o o m A= =
Wﬂ% xmwm.xwa%ﬂmﬂ;a%io ﬂ%mammég L .
=¥ T gT T omx LRI I U =BT R G N e W U
M mo qb ek o T o oo w0 ™ w i ﬂmw_ WL_ oo = L A = ,OM._ oF No 2 M . Wa A WM
o = . of == i} — %o TR H S T X _ <o NoF
o oF i X o nﬂ. WT ~ ™ BT ETl o X0 MrL Wo o o K¢ hﬂ _mmy T ok <5 M - 5 B oo
® F %%rﬂo%ﬂ_@%.ﬂmﬂﬂugmmwa?womzo&%ﬂﬂgiﬂmﬁmﬂo%ﬂr.bt
— W= = B T W o M E G R T I B - o~ S
Mo m T e P oy Mo - NI L m o D Sy mw s X
il X0 2 o Box Yo W —_~— = el B B ol o R G
R T P S S SN g AP R g r et TR A T
ATMU%JHEW& 8 ovmﬂml%wzl%immxmgaaﬂm.mm%;uE%ﬂJM%%ATﬂ
7= N o dp =8 w _ U B —_ X o 2 — <
W&.‘_WJ tm_irwm_mﬂum mwﬂW%ﬂWMMOWM@ﬂoﬂlﬂorEo%o_MEOWo”ALWMXo,oILOM@Wdﬂdaa‘_
P 5 B < R B Vo Mok A R ok X G
Aobiﬁegﬂo@ﬂﬂo_ﬂﬂB%ﬂEJ%M%gﬂh% TR e N Moo
= e W . N g = Mo E TE S s XW
CUNCI B RC SG TooF W R BN WA N I TR® NG WE SR
8y SLa8%™ BT e T T T oM o FE x5 B
< E g Q sk o B
ST8 FEEES PRE  PEEWE T
582 a5 57 T oRAPO LR
%8 Z. 2HE - N . o P OE -
WHS Omcem Mczgo_zwuﬁwo L.Hrddﬂl.w_lbtﬁxﬁ ‘mﬂm
L8 w8EEsT I IR R T Ry
sET _ZE=3 do HHELTHS mE PR
23 gR_gc e B R <P w W W ooy O =
= ERET 8 M =y =k O ™ o a Mo
SZe S,EREE P A A T N e e
geog ,"88EZ il o VS g w R % o = T
"S55 EgLgo¢d T T ET o Bx B
soS ESEZg H O TZUI < mw o wE S
EE ] mmﬁ I S T - . ou =
5w IR o B No 1J,E|_dﬂ;o 4 X5 = N 2
v _ .E o= S E I o - "o do o = CINAU~S
Wem T .Q O E..ﬁ,w&.a].._ ,m_ﬂ_wr_v o o KR o=y
= E rEngF ﬂvﬁ]ﬂ_ﬁo Koo o 2 °
-~ 8L c 4O S 2 . <N Mj. ~N A —
. S0 &S . L o n U B - T G e
LEELEILS5525 ¢ B wm o o Moo ~ S
Q th.m&Mw_hE& 1_>A|00 J|072|‘|‘m47]”.ﬂ_ﬂﬂll'_.._
rMmS ot d8mam » m.mﬁ Urm@% oﬂLthoﬂ.mauud.
- T T S E 2T Ty
) T K Mo = o w NG
ic TR RN o T T

oz g&

=
R

7]

[e]

=

Aol A @ BNP 50pg/mL

[e)

7o) Ao we Qejs



— BNP in COPD exacerbation —

stel BNP7H 2

o

B9

30
o e

}

ro

1

ofy
ol

]

At B %

;oT

ML

]

57}

o]

o

1=

kY
ArE 27

bRt we felA A

/\é o] =0

L

o

o 7}

o]

=
=

AT Thgoz AR BR

Foll A

X
)
W

i
| F

. ;O.ﬁ

Aol w=w

59 of

A2}

g% BNP 80.5pg/mL

telet AL

o]

A7t Be

J|Eo R

=

=

W

oug¥ B odFolx dF BNP 88pg/mL ©l

FAFHE BNP 219pg/mLE 71+

Ar

il

P2

i=y
ol
N
<R

19 ¥ &2 F

3

J-o

<0

oA W A

6‘}

b

[e]
g

s

AT

|

L

L

Bt 2617k

L

Ao rmE BNP #¥ Haudgte] dus B

2ol Sopg/mL |
A AA

=
=

7o
Gl
il

il
,Ao

ol

<]
%

22 g fJAF 3o d

S
o
%

loR
B

7ol

2 4% BNP #AAE ©

Ay
it

)
S
o

il
(=L

A3

=

=

BNP A}

=
3

R

Fsaet,

)

Q

33pg/mL

HRI7E 200

L

L

AT A3 EF BNP @2 A4

2

] BNP 83pg/mL ©]/delA

=

o
3|

&
=
=

=%

|
ok

o]
1S
%

X
o

Al

%

Els

Fel gatel wls) Al o

o]s



— J. H. Lee, et al —

2 Prn Aoz v

Z ot

g AR AETY AFgTRlE FEVI(%
of predicted), APACHE II score, BNP 4=]%to]
ou] Q& AlE HATHP=0.043, 0025, 0.024).

ROC curve % BNP 8pg/mL ©]/doll A AFg-S o

=3
BNP 88pg/mLE

exact test= Al 33FIS

2

UREE 90%, SolEv HB%E R,
7|02 Apgoel gk Fisher's
o Wz = 212990k
=2

w 9 23 €5 BNP @2 A A d e

T4 gk Aol AFE 2T 5 dE 949 7}

o

o2

s/l lem, Wl 3Al BNP #to] w2 SAHS
8 A=Al A7t Was Aoz AR HS

hud =212

. Marray CJL, Lopez AD. Evidence-based

health policy lessons from the global burden
of disease study. Science 1996;274:740-3.

. Donaldson GC, Seemungal TAR, Patel IS,

Lloyd-Owen SJ, Wilkinson TMA, Wedzicha
JA. Longitudinal
severity and frequency of COPD exacer-
bations. Eur Respir ] 2003;22:931-6.

changes in the nature,

. Donaldson GC, Seemungal TAR, Bhowmik

A, Wedzicha JA. The relationship between
exacerbation frequency and lung function
decline in chronic obstructive pulmonary

disease. Thorax 2002;57:847-52.

. Cooper R, Ghali J, Simmons BE, Castaner A.

Elevated pulmonary artery pressure: An
independent predictor of mortality. Chest
1991;99:112-20.

. MacNee W. Pathophysiology of cor pulmo-

10.

11.

12.

nale in chronic obstructive pulmonary dise-
ase. Part two. Am ] Respir Crit Care Med
1994;150:1158-68.

. Peinado VI, Barbera JA, Ramirez ], Gomez

FP, Roca ], Jover L, et al. Endothelial dy-
sfunction in pulmonary arteries of patients
with mild COPD. Am ] Physiol 1998;274:
L.908-13.

. Renzetti AD Jr, McClement JH, Litt BD. The

Veterans Administration cooperative study of
pulmonary function. III, Mortality in relation
to respiratory function in chronic obstructive
pulmonary disease. Am ] Med 1966;41:115-9.

. Mitchell RS, Vincent TN, Filley GF. Chronic

obstructive  bronchopulmonary disease. 1V,
The clinical and physiological differential of
chronic bronchitis and emphysema. Am ]
Med Sci 1964;247:513-7.

. Burrows B, Kettel L], Niden AH, Rabiowits

M, Diener CF. Patterns of cardiovascular
dysfunction in chronic obstructive lung dise-
ase. N Engl J Med 1972;282:912-8.

Voelkel NF, Cool CD. Pulmonary vascular
involvement in chronic obstructive pulmonary
disease. Eur Repir J 2003;22:285-32S.
Comnors AF Jr, Dawson NV, Thomas C,
Harrell FE Jr, Desbiens N, Fulkerson W], et
al. Outcomes following acute exacerbation of
severe chronic obstructive lung disease. The
SUPPORT investigators (Study to Understa -
nd Prognoses and Preferences for Outcomes
and Risks of Treatments). Am ] Respir Crit
Care Med 1996;154:959-67.

Fuso L, Inccalzi RA, Pistelli R, Muzzolon R,
Valente S, Pagliari G. et al. Predicting mor -
tality of patients hospitalized for acutely



13.

14.

15.

16.

17.

18.

— BNP in COPD exacerbation —

exacerbated chronic obstructive pulmonary
disease. Am J Med 1995,98:272-7.

Gray DK, Gibbons L, Shapiro SH, Macklem
PT, Martin JG.. Nutritional status and mor -
tality in chronic obstructive pulmonary dise-
ase. Am J Respir Crit Care Med 1996;153:961
-6.

Incalzi RA, Fuso L, De Rosa M, Forastiere
F,. Rapiti E, Nardecchia B, et al Co—mor-
bidity contributes to predict mortality of
patients with chronic obstructive pulmonary
disease. Eur Respir J 1997;10:2794 -800.
Eriksen N, Hansen EF, Munch EP, Rasmus-
sen FV, Vestbo J. Chronic obstructive pul -
monary disease. Admission, course and pro-
gnosis. Ugeskr Laeger 2003;165:3499-502.

de la Iglesia F, Valino P, Pita S, Ramos V,
Pellicer C, Nicolas R, et al. Factors predic-
ting a hospital stay of over 3 days in pa-
tients with acute exacerbation of chronic
obstructive pulmonary disease. J Intern Med
2002;251:500-7.

Nakagawa O, Ogawa Y, Itoh H, Suga S,
Komatsu Y, Kishimoto I, et al. Rapid tran-
scriptional activation and early mRNA tur-
nover of brain natriuretic peptide in cardi-
ocyte hypertrophy. Evidence for brain natri-
uretic peptide as an “emergency” cardiac
hormone against ventricular overload. ] Clin
Invest 1995;96:1280-7.

Maeda K, Tsutamoto T, Wada A, Hisanaga
T, Kinoshita M. Plasma brain natriuretic
peptide as a biochemical marker of high left
ventricular end-diastolic pressure in patients
with symptomatic left ventricular dysfun-
ction. Am Heart ] 1998;135:825-32.

19.

20.

21.

22.

23.

24.

25.

26.

Hill NS, Klinger JR, Warburton RR, Pietras
L, Wrenn DS. Brain natriuretic peptide:
possible role in the modulation of hypoxic
pulmonary hypertension. Am ] Physiol 1994;
266:1.308-15.

Nagaya N, Nishikimi T, Okano Y, Uematsu
M, Satoh T, Kyotani S, et al. Plasma brain
natriuretic peptide levels increase in propo-
rtion to the extent of right ventricular dy -
sfunction in pulmonary hypertension. J] Am
Coll Cardiol 1998;31:202-8.

Bando M, Ishii Y, Sugiyama Y, Kitamura S.
Elevated plasma brain natriuretic peptide
levels in chronic respiratory failure with cor
pulmonale. Respir Med 1999;93:507-14.

Ishii J, Nomura M, Ito M, Naruse H, Mori
Y, Wang JH, et al. Plasma concentration of
brain natriuretic peptide as a biochemical
marker for the evaluation of right ventricular
overload and mortality in chronic respiratory
disease. Clin Chim Acta 2000;301:19-30.
E, AN, 238, 243, A, olFH
kel 9le]  N-terminal
pro-brain type natriuretic peptide =49 +
&7, A3 9 3357] A3 2004; 56:67-76.

American Thoracic Society. Standards for

5. dBuade

&,

the diagnosis and care of patients with
chronic obstructive pulmonary disease. Am ]
Respir Crit Care Med 1995;152:S77-S120.
Anthonisen NR, Manfreda ], Warren CP,
Hershfield ES, Harding GK, Nelson NA.
Antibiotic therapy in exacerbations of chronic
obstructive pulmonary disease. Ann Intern
Med 1987;106:196 -204.

Oh JK, Seward ]B, Tajik A]. Chapter 5.

Assessment of diastolic dysfunction In: The



27.

28.

29.

— J. H. Lee, et al —

echo manual. 2 ed. Philadelphia: Lippin-
cott-Raven;1999.p45-57.

MacNee W. Pathophysiology of cor pul-
monale in chronic obstructive pulmonary di-
sease. Part one. Am J Respir Crit Care Med
1994;150:833-52.

Nagaya N, Nishikimi T, Uematsu M, Satoh
T, Kyotani S, Sakamaki F, et al. Plasma
brain natriuretic peptide as a prognostic
indicator in patients with primary pulmonary
hypertension. Circulation 2000;102:865-70.
Lang CC, Coutie W], Struthers AD, Dhillon
DP, Winter JH, Lipworth BJ. Elevated levels

30.

31.

of brain natriuretic peptide in acute hypoxe -
mic chronic obstructive pulmonary disease.
Clin Sci 1992;83:529-33.

Kucher N, Printzen G, Goldhaber SZ. Progno -
stic role of brain natriuretic peptide in acute

pulmonary embolism. Circulation 2003;107:

MEE AAE A4L 14 ANE, o4
5 FERs Fa% N9 B0 23

B-type natriuretic peptide AAF] F-&74: ¥
AT HAFAY gl diste], A8 2 &

57 g 2003,54:320-9.

— 610 —



