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Changes in Plasma Level of Brain
Natriuretic Peptide During Exercise in
Recovery Phase of Myocardial Infarc-
tion and the Clinical Significance
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I FHe Haruki ITOH, MD*

Abstract

Brain natriuretic peptide (BNP) plasma levels increase in patients with myocardial infarction and may
reflect the degree of left ventricular dysfunction. The changes in plasma level of BNP during exercise in
the recovery phase and the clinical significance were investigated in 60 patients (55 men and 5 women;
mean age 62.3 +9.8 years) with initial acute infarction. Cardiopulmonary exercise testing was performed
with a treadmill using the ramp protocol in 60 patients in the first month and 46 in the third month after the
onset of the disease. Blood samples for measuring BNP and atrial natriuretic peptide (ANP) were obtained
in the resting control state and immediately after peak exercise. Plasma BNP in the first month had a
significant negative correlation with anaerobic threshold (AT) and peak oxygen uptake (peak Vo2), and
the serial change in plasma BNP from the first to third month had a significant negative correlation with
the serial change of AT (peak: r= —0.35, p<0.05) and peak Voz (rest : r=—0.35, p<0.05; peak : r=
—0.45, p<0.01). The serial change of plasma ANP had no relationships with the serial change of AT or
peak Vo:. Because the serial change ratio of plasma BNP reflects the serial change of exercise tolerance in
the recovery phase of myocardial infarction, we conclude that the serial measurement of plasma BNP
level is a useful non-invasive parameter for predicting latent heart failure in patients with myocardial

infarction.
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natriuretic peptides, atrial (brain),
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BEL, HBEICBITE 4 BEOSHHINE)T—2 3
Y7UT I ARET L, BIE 12 ABICOES
BHERDS L CEHRMAIR O MEE BNP, LEMT F
1) 7 AFIFRR T F F (atrial natriuretic peptide : ANP) j&
%l L72#E%E 60 BITH B (5B 556, & 56, &
43-82 %, FIYER 623198 5%). DB, RiE 14 A
H DR AT NYHA (OHERESE I, IV EDES], 3>
PO — VSN TV WEE LR LRI AERS, &
BRWRBROWGITL 25 MMERELET L0 (EEVE
M, FiEE, ERNRNERER L) IRALE. &8
26, BE12AE2S 32 HEHDOZAF, Tablel 12
N IERE RIS EANCER I 2 d o /o,
LDBHEEODIIIEE 2 FELER-T 220 LD
FEIZBITAS Imm D EOFRETS ST LR, E¥E
D2 fEU EoME CK-MB g LA, BLUERELD
EENIRA Bz, S LOEZEEHREOFR LR
AL TITo 7. &BICABE1Z 5 ICEBIRE R % i
1L, 37 Bl B5EENIRTZ AT (percutaneous translu-
minal coronary angioplasty : PTCA), 7 #2425 #EE)
IR IR EERE 1TV, 16 Bl TIHEBIIRE A TR S
HEETERDSERE L TW -0 RENICRAERE
L, 205 5BUIABEHFIZPTCA 21To7:. R AE
ZDS b 29 FUIRTEEREZE, 27 FlIX TREMEE, 260
BIBEREZE, 2 BIIBBEFEETH - /2. BEIREKRE T
TIZ 29 BICEBIME, 22 FIZEIRMAE, 16 BIZHERR
DEENDH o 7.
MREIEARFICAHEDOBELHAL, BEXR
ABLUOZORKRICKE 2B

2. /5 &

&6, BERE1»AB25 LEBLIAIC, BERY
WIS EME (ramp ) IS X AR T A EGHHE L
ML v FIVEBIETRER L T L7, 46 BITIIRIE
3xBELS 1 ARUAIC, FkELOHHEE SRR
PHATL:. 7, RIE1#»ABIWC336, 3xAHIC
25 BICHT LEEE &R & ifT L7z,

1) EEEF AR

BEIAMRAERIE 7 7 ¥ E TR Stress Test System ML-
5000 3 & UF Treadmill MAT-2500 % fi\:, 3 FEO%E
& 39O+ —3I2 7T v 7 (AE—F 10 mile/r,
grade 0%) NT%, 14 MIZ# 1 MET §O#1 ¥ % ramp
70 b a— MLk o TITo 72, RKEPILOHEE, ST-T

Table 1 Clinical characteristics of patients

Characteristics (n=60)
Mean age (yr) 62.31+9.8
Height (cm) 1629+79
Weight (kg)
First month after the onset 60.9+7.9
Third month after the onset 62.9+9.4*
Sex
Male/female 55/5
Risk factors
Hypertension 29
Hyperlipidemia 22
Diabetes mellitus 16
Anterior MI 29
Inferior MI 27
Lateral MI 2
Posterior MI 2
Ventricular aneurysm 4
Forrester’s subset on admission
I 41
I 9
I 8
v 2
Treatment during acute phase
Direct PTCA 37
ICT 7
Conservative 16
Medication during protocol
Nitrates 54
Calcium channel antagonists 24
Beta blockers 20
ACEIs 24
Diuretics ) 4
Coronary restenosis in the first month 3
Coronary restenosis in the third month 8
Maximal level of CK-MB (1U/}) 211.4+157.1

Data presented are mean *standard deviation (SD). *p<<0.01 vs the
first month.

MI=myocardial infarction; PTCA =percutaneous transluminal coro-
nary angioplasty; ICT=intracoronary thrombolysis; ACEIs=angio-
tensin converting enzyme inhibitors; CK=creatine kinase.

B LU L ERYICERL, BE 2FEL
1452k 288k L7, MEIE COLIN 2LEB) & FRERH
MEEEAREEE STBP-780B # VT 1 4T LICHlEL
2. BRRTETZAVIAR—VEESEDO ML Y F3

VERRER DD 2 i TREEORA, 5 VIEE
B OIS »hb o THEENE (Vo) OEMER
D, VbW Vo leveling off DIREED I L L
A
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2) FRH XS

MR A A 53H71d 3 F FEFRIZEEL Respiromonitor RM-
300 B & UF Medical Gas Analyzer MG-360 % Fi\», &5
NIZIFR AT AT — 413 NEC 8=V F)lara—
¥ — PC9801 THA > 54 VAL, 8 IR DIFREE
L) FELE L7z, IR A AL breath by
breath ZE THIE L, Vo, CO:HEHE (Veo), FEERE
& (VE), Vo lZHf¥ MR LE (Vos/VE), Veo: IxtT
HRR L E (Voo VE), B & UH AZFH (Voo Vos) B
BTG A—F—%a Pa— ¥ —EEICET LEHL
7. BESMEACHBIME (anaerobic threshold : AT) HRE IS
i3 Beaver 5 %5528 L 7 V-slope 5® # F\», REEEE
IR (peak Voo) (I BT T AT 30 HEOFE L L
7z. BEFENR (O:pulse) i3 Voo/ LD HEH L 72, AT,
peak Vo. DEERE3I »AB D 1 » BS54k
% %AAT, %ApeakVo: & LT3 »HBME—1»HH
fE)/1 » B BAEX100 (%) 2> HEH L7,

3) M%E BNP, ANPEEDRIE

EBETBILE 30 RTICHEIRICE B S & AN, BAGL
T30 PRICKBRRMEITo 72, T 72, LHEH
BRI TERIC O FERAL2 SRIM L 7. #RELL 72
MIE 7272 HI1KE L, 4°C DB EEL (3,000 rpm X
10 7) CTHLEESTBE L 727, —70°C CTHEMREL, 18
BLAAICL%E ANP, BNPIREE % RIA ECHlE L 7. 1
4% ANP, BNPREEDZHF XS 5 BMESROELR
% %A exercise ANP, %A exercise BNP & L T (BTHiE
% — LR/ X100 (%) OB L. /-, M
#ANP - BNPBEOREI»ABD 1 »ABE T S
21t % %BAANP, %ABNP & LC(3»HBE—1»8
B1E)/1 » A EEX100 (%) »HEH L 7.

4) EEEY

SFOEY ST —VAT—TVERWTESERY
1TV, HH - & S (area-length ) THZERHEK (ejec-
tion fraction : EF), 7 ZILRFKIABRIREL (left ventricu-
lar end-diastolic volume index : LVEDVI), 72Nk
KB TRIREL (left ventricular end-systolic volume index :
LVESVI), 1 ELCIAEFREL (stroke volume index : SVI)
FRMAIL 72, $7:, EZEER AN bESIREREE
(left ventricular end-diastolic pressure : LVEDP) % %€ L
7.

5) #LEtRRAT

RiE17AH, 3208, F-EBEMIHRONEHE
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Table 2 Cardiopulmonary exercise test data and functional param-
eters obtained in the first and third months after the onset

First month Third month
Exercise test (n=60) (n=46)
Rest
HR (bpm) 72.4%11.3 70.5%11.3
SBP (mmHg) 126.5+18.8 131.4+18.1*
DBP (mmHg) 77.1£9.3 77.3%£11.0
RPP (mmHg - bpm - 10?) 91.1%+17.2 92.4+18.8
Peak
Time (sec) 488.4+£104.3 556.1+105.1%*
HR (bpm) 131.0+19.2 138.0£21.7**
SBP (mmHg) 172.0+25.4 184.8 +25.0%*
DBP (mmHg) 83.0+13.2 87.7%12.5
RPP (mmHg - bpm - 10%) 226.6+483  257.4%62.2%*
End point
Shortness of breath 11 14
Leg fatigue 48 31
Chest pain 0 0
ST segment depression 1
Gas analysis (n=60) (n=46)
AT (mi//min/kg) 14.61+2.6 16.1£2.9%*
Peak Vo2 (m//min/kg) 22.5+4.3 24.515.3%*
Peak Oz pulse (ml/beat) 10.5%+2.3 11.2£2.2%
Left ventriculogram (n=33) (n=25)
EF (%) 51.7£11.6 55.0+8.4
LVEDVI (ml//m?) 72.4%10.2 98.6+:40.0*
LVESVI (m//m?) 33.8+5.5 45.3+23.0
SVI (ml/m?) 37.9+13.2 55.3%+19.6
LVEDP (mmHg) 10.3£6.2 104%7.5

mean £ SD. *p<0.05, **p<<0.01; vs the first month.
SBP=systolic blood pressure;
RPP=rate pressure

HR=heart rate;
blood pressure;

product;

DBP=diastolic
AT =anaerobic

threshold; peak Vo:=peak oxygen uptake; LVEDVI=left ven-
LVESVI=left ventricular end-

tricular end-diastolic volume index;

systolic volume index;
fraction;
breviation as in Table 1.

SVI=stroke volume index;
LVEDP=left ventricular end-diastolic pressure. Other ab-

EF=e¢jection

R REETAVTRE L, #EEOMHBILEE
RAMERVCTRE L, WEEE T CEYELE
EREEZTRRL, p<0.05 & b > THEMENEEED

HEe L7,

&

S

1. EBRFRER (Table 2)

BERSE 3 » A HOREESEE, R&5 008 &
BIGEMIES & R KEMEE rate pressure product
(peak RPP) (IFAE 1 » AHDMEICH LAEICHEML T
Wz <0.01). RELRERIAETH - 7.
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Table3 Plasma ANP, BNP at rest and immediately after exercise in the first and third months after the onset
ANP (pg/ml) BNP (pg/ml)
i % A exercise ANP ) % A exercise BNP
Rest Immedxate.ly (%) Rest Immedlate.ly (%)
after exercise after exercise
First month 36.2%£26.3 74.5+66.4*% 101.8+86.1 66.5+67.7 82.31+77.5% 33.1+36.6
Third month 39.4+26.4 92.4+75.6* 147.01184.6** 55.4%+60.0 72.21+75.3* 36.81+28.0

mean £ SD. *p<0.01 vs rest, **p<0.05 vs the first month.

ANP=atrial natriuretic peptide; BNP=brain natriuretic peptide; % A exercise ANP=change ratio of plasma ANP during exercise; % A exercise
BNP=change ratio of plasma BNP during exercise. Other abbreviation as in Table 1.

2. BRAHXHH

R9E 3 7 BB D AT, peak Vo, RESEEEMR (peak O:
pulse) iX, 1 7 AEHDOHEMEICH LAEICHEML TV (@
<0.05-0.01).

3. ®iE1»AB, 3»H8BOEEHEEEIER (Table
2)

RE12ABE37ABICEZEE L HITLZ 2561
\22WT EF, LVEDVI, LVESVI, SVI #xtltL7-&
A, 17ABIKL, 3»HEICIZLVEDVIOARE
\ZHEH L T v 7z (9<0.05-0.01).

4. RE1»A8, 3»rBEBDEBHEFEFME ANP,
BNP /2 (Table 3)
1) R 1 A8, 3»AB0OXERMIE ANP, BNP
RE
i ANP OFHEIRIEL »AEEL3»AEHTE
BFEI RN o, Kk BNP OFXEDS RIS, RBE
17ABE3»AEHTHEEERI o7,
2) #iE1»AB, 3 »BEOEWERMIE ANP, BNP
=13
BRE% ANP OFHEIZRE1»AEH, 32ABL
D ICRKEEEOTIEIC L LEBEREME R L72h (p<
001), 17ABL32ABLETCRAEEERZ P2,
%Aexercise ANPIZ 1 » BEHIZHL, 32 AEHTEHEEIC
L Tz (p<0.05).
—7, BE% BNP OFHEIIEERE 1 »AH,
3 A HE L ICRERICE LAEREM (p<0.01) 2R
L7-%5, BWEZOBNP OFHEICI»AEE3 2R
BCAEEI\IL»o72. %A exercise BNP i 1 2 H
E32AEHTHEZRI o7,

5. I3 ANP, BNPRE & E1EIR & DBIE
1) % ANP, BNP ;B & EENREREDIERI (Figs.
1-4)

UFEERIE 1 7 B B OK#F ANP 13X AT (n=60, r
=—0.46, p<0.01), peak Vo: (n=60, r=—0.48, p<
0.01) L BAHEIZRL, BIFER ANP b AT (r=—0.35,
p<0.01), peak Vo: (r=—0.33, p<0.05) & &K
#RL7:. 3»HBOKHR ANP & AT (n=46, r=
—0.66, p<0.01), peak Vo: (n=46, r=—0.65, p<0.01)
CEMBEERL, BWERANP b AT(r=—0.56, p<
0.01), peak Vo (r=—0.50, p<0.01) & BAARIZ R L 7=,

—%, WERE 1 2 A HORKEE BNP I3 AT (=60,
r=—0.32, p<0.05), peak Vo: (=60, r=—045, p<
0.01) L EBMEERL, BWEKBNP b AT(r=—0231,
p<0.05), peak Vo: (n=46, r=—043, p<0.01) £ &
HME%ERL. 37 A BOKHE BNP I3 AT (n=46,
r=—0.53, p<0.01), peak Vo:(r=—0.59, p<0.01) &
BHEERL, BWER BNP b AT (r=—0.50, p<
0.01), peak Vo: (r=—0.56, p<0.01) L BHEIZRL 7.

2) 4% ANP, BNPRE & AT, ATHKRK

HAE & D1ERS (Table 4)

1 » B HO%L#E ANP I3 EF L &M (n=33, r=
—0.44, p<0.01), LVEDP & IEAHRH (r=0.39, p<0.05)
%R L7z, 3% A BORER ANP (X LVEDP & IEF8R
(n=26, r=0.63, p<0.01), 3»AHDEARER ANP
|3 LVEDP & IEAHBI (r=0.58, p<0.01) Z7/RL 7.

—7%, 1 » A BOZL#EE: BNP (X EF Lt HHM (=
—0.48, p<0.01), LVEDP & IEAHBS (r=0.46, p<0.01)
%RL, 1 »AEDEMESRR BNP b EF L BAMHE (r=
—0.42, p<0.05), LVEDP & IEABS (=043, p<0.05)
%R L7, 3»HABOLKHE BNP 3 EF L BHH (=
—0.49, p<0.01), LVEDP & IEAIEE (r=0.58, p<0.01)
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Fig.1 Correlations between plasma levels of ANP and BNP at rest, and AT and peak Vo in the first month after the onset
Abbreviations as in Tables 2, 3.
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Abbreviations as in Tables 2, 3.
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Fig.3 Correlations between plasma levels of ANP and BNP at rest, and AT and peak Voz in the third month after the onset

Abbreviations as in Tables 2, 3.
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Fig.4 Correlations between plasma levels of ANP and BNP at immediately after exercise, and AT and peak Vo2 in the third
month after the onset
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Table4 Correlations between plasma ANP and BNP levels, and cardiopulmonary exercise data, EF and LVEDP

First month after the onset (n=33)

Third month after the onset (n=26)

ANP BNP ANP BNP
Rest Immediate.ly Rest Immediate'ly Rest Immediatelly Rest Immediate.ly
after exercise after exercise after exercise after exercise
EF —0.44* —0.31 —0.48* —0.42%* —0.15 —0.16 —0.49* —0.47%*
LVEDP 0.39** 0.29 0.46* 0.43%* 0.63* 0.58* 0.58* 0.57*

Data presented are correlation coefficients. *p<0.01, **p<0.05.
Abbreviations as in Tables 2, 3.

#/RL, 32 AEBDEMER BNP b EF & 8 =
—0.47, p<0.01), LVEDP & IEAE (r=0.57, p<0.01)
FRL7.

6. I3 ANP, BNPBEEDRNE(LE & EBHHE
BEDRERFAVZE{EHE D IERT (Figs. 5, 6)

T, BWEED %A ANP iE %A AT, %A peak
Vo LAEBAR B b otz —F, REED %ABNP
i %A AT (n=46, r=—0.32, p<0.05), %A peak Vo
(r=—0.40, p<0.01) L BHELRL, BWNEZD %A
BNP b %AAT (n=46, r=—0.35, p<0.05), %A peak
Vo: (r=—0.45, p<0.01) L BHBE*RL 7.

% =

LEMTF M) 7 AFRTF K (ANP) IL.LEE LS
RLBEMREICE ) EILLETOFWISRES N, L
AERLHBEETIILEL LD DWENDE Z L2%H S
NTn B>, FEIMH D ANP HEIZ Z D% DE
BHARR TROBEICL S & Sh 2y, EEEME
D ANP ILLEET, MBEDREMESVE > S HE L
THEMT S LBHMEN TG 1416,

—77, BF F U7 LAFIRARTF F (BNP) 13 4%8) 7 ¥
DS S5EEI N, 20H%TY, 9 b, LD
LBEIZHFFEL, ANP LREBRIC, R IMEDOFE I
BEELGEEAEZRTFPMI)ILFIR_TFF7 7 3
V=R L TWB I EDFHLNII o7, fEE
BT B M4 BNP L NV i ANP ICHARTIE 2 202
WS, OAEREETIIANP ICHRTIRAICKEN
EmRERL, EICEESHBPICBVWTIZEEMED
BAECML, ZOBNPHEMIGLERRTHL L
BHLPIZSINT V53, FESMY O M4F BNP &
SREL 16 EEEICHMEIOE — 27 216D, 20, L

J Cardiol 1996; 27: 121-131

REED LB R 72T 2 FEBI TR, (OEEE D&
TLTYWRESITRREENSHEIC2EHOE -2 %
TEo7:1%, BE12AB T THEHIRL TV Z EDHE
SNTV5Y, AHZ CTIRIEZERESOEBBREICE
L, BNP D:EEjEFRFENRE L EBHAFREORESL X O
T OBRHER LIRS L 7-.

1. REERFMIE ANP, BNPIEE & £ DKEENRIER

THfEE ANP (S OHEERE | 7 A H CEZEEE
(EF) L BAHE, ZEZIRFKIE (LVEDP) & [FAHRI %
RL, 3#AH TS LVEDP LI %R L7-25, EF
3B E RO L h o7, BETIILED 5D ANP O
FWIREBRBHTERA L T ZEPHESATE
N, HEERAE 3 # HHD ANP IZLZEH 5 D5 WAIR
DL, EF 2RBL Do b0EEZ 5N —F,
BERE12»ABIRIINT TORES L FkE, L
BNP i3 EF & H4HB, LVEDP & FM%2RL7-. &
LIZRE3I»ABDOKER BNP b, EF & &4,
LVEDP &L EHBIZRT &0, BEREI »ABIC
BWTYH, LHFEBNP B EHEEREE L KLY 2
tEZ BN

2. EEETRED ANP, BNP EféE

UHRERAE | A H, 3 BB To - E8hEMt
ERT ANP, BNP (3 & DICHEIZHML, %A exercise
ANPZ 17 AHTH 100%, 3 » A B TH 150% &, &
REICHEBICHE AR L. —7%, %Aexercise BNP i 1 #
AHETH#30%, 32AET#40% &, ANPIZH L, &
BREWICI LB 2L, BEMLBNEOELD
LB o7z, ANP IEHRIEO AT L LETORFUDS
TLEZE2TIESHONTEBYY, 20z LidES)
BFICERL, M% ANP &AM BNP I EE & b 55k
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Fig.5 Correlations between %A ANP and %A BNP at rest and %A AT and %A peak Vo2

% A ANP=serial change ratio of ANP from first to third month;

% A BNP=serial change ratio of BNP from first to

third month; %A AT=serial change ratio of AT from first to third month; %A peak Vo2=serial change ratio of
peak Vo from first to third month. Other abbreviations as in Tables 2, 3.
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Fig. 6 Correlations between %A ANP and %A BNP immediately after exercise, and %A AT and %A peak Vo2

Abbreviations as in Fig. 5.
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