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Changes in Plasma Levels of Brain Natriuretic Peptide during Exercise in
Patients with Ischemic Heart Disease

Yeon Jae Kim, MD', Shung Chull Chae, MD' and Jae Tae Lee, MD?
'Departments of Internal Medicine and *Nuclear Medicine, Kyungpook National University, Taegu, Korea

ABSTRACT

Background[J Brain natriuretic peptide (BNP) is primarily secreted from the cardiac ventricles. Circulating
concentrations of BNP are known to be increased in established chronic heart failure and acute myocardial
infarction and to correlate well with left ventricular dysfunction and prognosis. It may also act as an index of
ischemic severity. This study was performed in order to evaluate the value of plasma BNP measurement during
exercise tests in patients with ischemic heart disease for an assessment of myocardial ischemia. Method[] This
study included a total of 63 cases of suspected ischemic heart disease or myocardial infarction. The subjects
underwent treadmill exercise with a modified Bruce protocol. Tc-99m MIBI (methoxyisobutyl Isonitrile) SPECT
image was obtained by one-day or two-day protocol with rest-stress sequence. They were divided into 3
groups by findings in exercise TC-99m MIBI SPECTO 16 cases with reversible perfusion defect into the angina
pectoris group, 12 cases with myocardial infarction and fixed perfusion defect into the myocardial infarction
group and 35 cases without perfusion defect into the control group. Venous blood was obtained at rest and just
after peak exercise. Plasma levels of BNP level were measured by radioimmunoassay. Resultl] BNP levels
increased with exercise from 20.1+ 28.2 to 33.2+ 44.0 pg/ml in the control group, 33.9+ 48.8 to 44.6+ 49.2 pg/ml
in the angina pectoris group and 86.6+ 85.0 to 140.9+ 116.2 pg/ml in the myocardial infarction group (p<0.01,
respectively). BNP levels in the myocardial infarction group were significantly higher than those in the control
and angina pectoris groups both at rest and after peak exercise (p<0.01, respectively). The changes in BNP
levels with exercise were also significantly higher in the myocardial infarction group compared with those in
the control and angina pectoris groups (p<0.01). The BNP levels at rest correlated significantly with the extent
of perfusion defect and METs (r0J 0.465, p<0.0010 rJ —0.283, p<0.05, respectively). The BNP level following
peak exercise correlated closely with the extent of perfusion defect and left ventricular ejection fraction (rO
0.481, p<0.0010 rd —0.301, p<0.05, respectively). The cha-nges in BNP level with exercise correlated well
with the extent of perfusion defect and the ischemic severity (rd 0.352, p<0.010 r 0.272, p<0.05, resp-
ectively). Conclusiond These findings suggest that the changes in BNP level during an exercise test could be
used for an index of ischemic severity in patients with ischemic heart disease. (Korean Circulation J
2001:31(7):625-636)
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Table 1. Clinical characteristics of subjects (nO 63)
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Control (nO 35) Angina (n 16) MI (nO 12)
Male sex 22 (62.9 %) 13 (81.3%) 12 (100 %)
Age (years) 53.5+ 10.5 58.6+ 12.2 55.5+ 8.7
Heart rate (beats/min) 77.5+ 21.6 78.1+ 14.5 66.1+ 11.5
SBP (mmHg) 131.6+ 16.2 122.5+ 13.9 118.6+ 15.2*
DBP (mmHg) 86.0+ 9.8 81.9+ 83 782+ 8.7*
Values are expressed as mean+ S.D., *0 p<0.05, vs Control, MIO myocardial infarction
SBPO systolic blood pressure, DBPO diastolic blood pressure
Table 2. Comparison of the results of exercise ECG test
Control Angina MI
Peak SBP (mmHg) 1754+  20.5 1619+  21.7* 166.7 + 17.8
Peak DBP (mmHg) 101.6 + 9.8 95.9 + 11.4 94.2 + 12.4*
Peak HR (beats/min) 155.9+ 265 139.1 + 18.3* 150.3 + 2.0
A SBP 43.9 16.9 394+ 205 579+ 3846
A DBP 15.6 + 9.5 14.1 8.4 225+ 234
A HR 783+ 247 610+  21.4* 878+ 280
METs 10.0 + 2.0 8.1 3.1* 97+ 22

Rate-pressure products (mmHgx beats/min)

27541.1 + 6436.0

22466.2 + 3848.3*  25202.5 + 60952

*0 p<0.05, vs Control, MIO myocardial infarction, SBPO systolic blood pressure, DBPO diastolic blood pressure,
HRO heart rate, A SBPO the changes of SBP before and after exercise, A DBPO the changes of DBP before and after

exercise, METsO metabolic equivalents
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Table 3. Comparison of the results of Tc-99m MIBI SPECT

Control Angina MI
Ejection *
fraction (%) 611+ 78 558+ 117 452+ 120
Extent <5 13.6£ 94 255+ 17.1*

Severity score NA 399.4+ 350.6 670.6+ 456.4
*0 p<0.05, vs Angina, T 0 p<0.01, vs Control, MIO myoc-
ardial infarction, Extent percentage extent of the per-
fusion defects, Severity scorel severity score of the
perfusion defects., NAO not available

Table 4. Changes in plasma levels (pg/ml) of BNP during
exercise

Control Angina MI
Rest 208+ 28.3 339+ 489 86.6+ 85.1%

Peak exercise 33.2+ 440" 44.6+ 492" 1410+ 116.2°*

*0 p<0.01, T 0O p<0.001, vs Rest.,  0p<0.05, vs Control
and Angina, Ml = myocardial infarction
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Fig. 1. Changes in plasma levels of BNP during exercise
(MIO myocardial infarction).
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Fig. 2. Comparison of A BNP levels (A BNPO the changes
of BNP levels before and after exercise, MIO myocar-
dial infarction).

Table 5. Correlation coefficients between peak BNP
levels and parameters derived from exercise MIBI SPECT

R value P value
Extent 0.481 <0.001
Severity score 0.251 0.057
Ejection fraction —0.301 <0.05
METs -0.195 0.125
Rate-pressure products -0.291 <0.05

METsO metabolic equivalents
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Fig. 3. Correlations between peak BNP levels and per-
centage extent of the perfusion defects measured by
Tc-99m MIBI SPECT.
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Fig. 4. Correlations between peak BNP levels and sev-
erity score of the perfusion defects measured by Tc-
99m MIBI SPECT.
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Table 6. Correlation coefficients between A BNP levels
and parameters derived from exercise MIBI SPECT

R value P value
Extent 0.352 <0.01
Severity score 0.272 <0.05
Ejection fraction -0.207 0.178
METs 0.016 0.901
Rate-pressure products -0.191 0.134

BNPO the changes of BNP levels before and after ex-
ercise, METsO metabolic equivalents
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Fig. 5. Correlations between A BNP levels and percen-
tage extent of the perfusion defects measured by Tc-
99m MIBI SPECT (A BNPO the changes of BNP levels
before and after exercise).
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Fig. 6. Correlations between A BNP levels and severity
score of the perfusion defects measured by Tc-99m
MIBI SPECT(A BNPO the changes of BNP levels before
and after exercise).
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00 OO0 00 00 Marumoto 020 000 00O
00 00 0O0.

00 00000000 0000 000 000000
0 0000 0000 000000 000 000 00
0 000 000 000000 000 0000 BNP
0 00 00 0000000 0000 0000 00
000 00 0O 00000 00 000000 000
0” 00000 000 0000 00000000 O
00 OO0 0000000 oO00.”®9% parpar
00 7500 DODOO00O000O 000, Killip O
0,0000000 0000 000 0000000 O
000 BNPO OO0 OO0O OOO0O 0OOOO
0 0000, Morita 0?20 00000 BNPOOOO
0 00 000000 000 0000 000 00 O
000 00 0000, 000000, 00 cKO MBO
0 000 0000000 00 000 0000 00
00000 BNPO 00000000 OO0 000 O
00 000 00000 0O 0 000 000. Oml—-
and 00 BNPO ANPO OO 0OC0OO 0DOOO
0000 00000 000 00000 00000 O
00000 ANPOD OO0 0000 0000 OO0
natriuretic peptidesd 0 00, 00 O DOOOO O
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000 ANPO OO BNPO OOO0 OOO0O0OO O
000000 000 0000 00000 00000
0 000 000 0000 00000 000 000
000 000 OO0 000 0000 00000 O
0O0. Tc-99m MIBIOOO 00 00000 OO0
00000 0000 000000 0O 000 0000
0000 00000 00 0 0000 000 000
00 0DO0O0OO00 OO0 000000 o0 oo
00 0000 000 O OO0 BNPOOO Tc—99m
MIBIOOO OO0 00000 000 0000 000
000 0000 BNPOO 0OOODO 00000 OO
0 000 0000 000 00000 000000
00 OO0 000 BNPO 00000000 OOOO
00 000 000 000 000000 O 0 00.

Marumoto 0?0 0000 000 000 OO0 O
0000000 0000 BNPOO O OOOOO BNP
000 0D000 000000, 0000, 000000
00, 000000000 O 0000 TI-201000
00 DO0D0OO0OD0 0000 000 000 000 00
BNPD 0000 000 OO 0000 OO0 O 000
0000 0D0000 000 000 000 00000.
0 00000 00 0000 000 000 00 00
00 0000000 0000 0000 BNPOOO O
000 0O OO0 000, 0000, 00000 00 O
00 0000 0000 0000 000 0 000 O
000 D000 0000 000 BNPOOO OOO
00 SPECTO 000 0000000 OO0 OO0
0000 0000 BNPODO O 000 OO BNPODO
0 0000 00000000 0000 000 000
00 000 OO0 BNPOOO 0000 Tc—99m MIBI
000 OO0 00000 00 0 00000 000 O
00 0000 BNPO 0O0OO0O OO0 OO0 0OO
00 0000 0000 000 0000 00000
00 000 00 00 OO0 000 0000 000
0 000 000 O0o00.

0000 0000 000 BNPOOO METsO O
0 OO0 000000 00000 000 BNPOOO
Rate—pressure productsd] OO0 O0O0O0O0O OO
000. 00 00000 BNPOOO 0OOO0O OO0
000 000 D000 000 000 000 000
00 000 OO0 000 BNPOOO 000 0000

000 DO00O0 0000 00000 00000 O
O OO0. Yokoyama 0*°0 000 0OOOO 100
0 3000 000 00000000 000 BNPOO
0 000000 0000 00004 (anaerobic thre—
shold) 0 00000000 OO0 00 00000 O
00, 10000 300000 BNPOOO 0OOOO O
00 00000 0 00000000 000 0000
00 00000 00 00000 000000 (latent
heart failure)J 00000 OO0 00000 OO0
0 BNPO 0000 000 00000 OOO.

0000 D000 O 000 0000 000 00
0 00 0D000000 0000 0000000 O
0000 0O 000 00 000 00 0O 000 00
0 000 000 00 000 0000.000 000
0 00 000000 000000 0000000 O
0 0 0000 ANP O BNPO 00O 000 OO
0 000 0000% 00 00 0000 00 BNPO
000 000 D000 00 0000 000 000
0.00 0000 000 000000 000000
00 D00 000 000,00 BNPOOO 0OOO
MIBI SPECTOO 000 00000 OO0 O 000
00000 0000 00000 0000 000 O
0000 D000 0000 000 00 0000 O
0 00 00000 000 00000 0 000 00
0o.

00000 0000 0000 000 BNPOOO O
000000 DO0DO0D 00000 000 0000
000 0000 BNPOO DOOO0 0000000 O
000 00000 00 0000 0000, 00 00
BNPOO OO0 OOOO MIBI SPECTOO OO0
00000 00 O 000 0000 0000 000
00 OO0 000 OO0 BNPOO DOOOO OO OO
0 000 000 0O 00 000 000 0O 00 00
0 0O00.

FO
2

HH

Brain natriuretic peptide(BNP)O 0000 OO O
000 natriuretic peptided 0 OO0 O OO0OOO
000 Ooob boo Oobo b0 boo oboo oo
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0 000 00 00 00000 0000 0000 0
0000 0000 0000 00.0000 000 O
0000 00000000000 0000 00000
BNPOOOD 000 0000 00000000000
0 000 00000 OO0 0 000 00000 00
00 0000 00000 00000 0000 000
0o 0oO.

-

000 0000 00000 00000 00 6300
000 0000 0000 0000 Tc—99m MIBI
SPECTO 0000 000 350, 0000 1600 O
0000 12000 000 OO0 000 OO0 BNPOO
0 0000 O 000 00 000 BNPOOO OO
000 BNPOOO 0000000000C0O OOO
00000 00,000 0 000000 00 000
oo.

4 1

1) 000 BNPOOO 000, 0000 000 OO
00000 OO0 20.1+ 28.2 py/ml, 33.9+ 48.8 pg/ml,
86.6+ 85.0 py/mi] 0000000 0000 OO0
00 00 0000 000 (p<001).

2) 000 BNPOOO O 00O 33.2+ 44.0 pg/ml,
44,6+ 49.2 pg/ml, 1409+ 116.2 pg/mi0 OO0 BNP
000 00 00 0000 00000 (p<001).

3) 000 00 BNPOD 0000 00000 12
4+ 18.9 pg/ml, J0O00D 10.7+ 89 pg/ml, OO
00000 54.3+ 54.9 pgmi0 0000000 OO
0000000 00 0000 0D000(p<001) O
000 0000 0000 000 000 oo0.

4) 000 00 BNPOOO 0OO0OO0 00000 O
0 O 0000 000 00 00000 000@D0
0.352, p<0.0100r]0.272, p<0.05). 000 BNPOO
0 00000 000 000 00 00000 000
000 (r00.465, p<0.001) METsOO OO0 OO
00000 000@0-0.352, p<005). 100 BNP
000 00000 000 000 00 00000 O
0000000481, p<0.001) 00000000 O

00 00 00000 0DOOO00(@D —-0.301, p<0.05).

2 E:
0ol BNPOOO 0OOOO OOOO0O0O0 gooo
odd 0ooO0. 000 BNPOOO O OO0 OODDO
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Ut 000 00 BNPODOO ODOO DOOOOO
0 0000 ooooo oo booo boo. ooo
U BNPODOO OO0 DOOOO 00 0 ooooo
oo boob oooddo oo booo BNPODODO
ooo oo 0obo Oobo ooob ooo ooo o
oo booo ooboda.

SA CojO000000- OO0« BNP.
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