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Serum high-sensitivity C-reactive protein, amyloid-
associated protein and N-terminal proBNP levels do not
predict reversible myocardial ischaemia

M BASKURT, F AKTURK, K KESKIN, P CANBOLAT, B KARADAG, A KAYA, A YILDIZ, U COSKUN,

K KILICKESMEZ, O ESEN, SK MUNIBOGLU

Summary

Aim: The aim of this study was to detect any relationship
between serum high-sensitivity C-reactive protein (hs-CRP),
serum amyloid-associated protein (SAA) and N-terminal pro
B-type natriuretic peptide (NT-proBNP) levels, and revers-
ible myocardial ischaemia during cardiovascular exercise
tests and to determine whether these biomarkers could
predict transient myocardial ischaemia.

Methods: Ninety-six patients (36 women, 60 men, mean age
57 + 8.5 years) were included in the study. Venous blood
samples were taken from patients before and 15 minutes
after exercise testing. SAA and hs-CRP were analysed
using immunonephelometric assays (Dade-Behring, BN II,
Marburg, Germany). NT-proBNP (pg/ml) was determined
using the immulite 1 000 chemiluminescence immunoassay
system (Siemens Medical Solution Diagnostics, Deerfiled,
USA). Forty-eight patients (18 women, 30 men) with positive
exercise tests were allocated to the exercise-positive group
and 48 (18 women, 30 men) with negative exercise tests were
put in the exercise-negative group. Coronary angiography
was performed on all patients in the exercise-positive group.
Results: There was no difference between the levels of
hs-CRP, SAA and NT-pro-BNP before and after exercise
testing in both of the exercise groups.

Conclusion: Serum levels of hs-CRP, SAA and NT-proBNP
could not predict the occurrence of reversible myocardial
ischaemia during exercise. Large-scale clinical studies are
needed to clarify the status of hs-CRP, SAA and NT-proBNP
with exercise.
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As a response to inflammatory cytokines, high-sensitivity
C-reactive protein (hs-CRP) is synthesised mainly by the liver
and to a lesser extent by macrophages and blood vessel walls.
hs-CRP circulates freely in the plasma because there are no
specific transporters for it."> It has been shown that hs-CRP
is a powerful predictor of cardiovascular adverse events and
mortality in unstable coronary heart disease.>* However, its role
in predicting transient myocardial ischaemia in stable coronary
heart disease is not clear. While some studies found a strong rela-
tionship between serum hs-CRP levels and reversible myocardial
ischaemia in exercise electrocardiographic testing,® others did
not find such a relationship.”®

Serum amyloid-associated protein (SAA) is an acute-phase
reactant and its concentration can reach up to 1 000-fold of the
normal plasma concentration in the presence of inflammation.
SAA is mainly synthesised by the liver.” Serum levels of SAA
rise with obesity, diabetes and the metabolic syndrome.'*!"" Some
studies point to a positive correlation between SAA and angio-
graphically proven coronary artery disease, and serum concen-
tration of SAA is reported to be a powerful predictor of cardio-
vascular events.'>" It has been shown that patients with a high
SAA concentration have more active atherosclerotic disease,'
but the relationship between serum SAA levels and transient
myocardial ischaemia during exercise is not known.

B-type natriuretic peptide (BNP) is synthesised by the ventric-
ular myocardium as a response to wall stress and is not stored."
Myocardial ischaemia activates the pre-proBNP gene expression
and secretion. Especially newly synthesised proBNP is secreted
from the myocardium in response to ischaemia.'® BNP is the
biologically active form and N-terminal proBNP (NT-proBNP)
is the inactive form of proBNP. In one study, increase in serum
BNP levels during electrocardiographic exercise testing was
found in patients with stable angina pectoris. Also, the rise in
serum BNP levels was correlated with the size of the ischaemic
myocardium, assessed with positron emission tomography."” In
patients with angiographically proven coronary artery disease,
serum NT-proBNP levels were related to the extent and severity
of coronary artery disease.'®

The purpose of this study was to detect any relationship
between serum hs-CRP, SAA and NT-proBNP levels, and
reversible myocardial ischaemia during cardiovascular exercise
testing, and to determine whether these biomarkers could predict
transient myocardial ischaemia.
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Methods

Ninety-six patients (36 women, 60 men, mean age 57 + 8.5
years) were included in the study between March and May
2009. The study group comprised patients who had visited our
outpatient clinic and electrocardiographic exercise testing was
planned to detect ischaemia. All patients had a history of either
exercise-induced angina or atypical angina. Patients with previ-
ous myocardial infarction, previous revascularisation, chronic
kidney failure, known malignancy, serious peripheral arterial
disease, heart failure, valvular heart disease, previous cerebro-
vascular accident, known chronic inflammatory conditions and
with active infectious diseases were excluded from the study. The
local ethics committee approved the study and informed written
consent was obtained from all patients.

Exercise testing

According to the current guidelines, patients discontinued medi-
cines that could affect the exercise testing 48 hours before the
test." Patients performed the exercise test after a three-hour fast
and they were not allowed to drink tea/coffee or smoke before the
test. All patients underwent a standard exercise stress test using
the modified Bruce protocol.

Blood pressure, heart rate and 12-lead ECGs were recorded
at rest, during each stage of exercise, at peak exercise, and
for at least five minutes in the recovery phase. The ECG and
ST-segment depression were continuously displayed and meas-
ured automatically by a computer-assisted system (Marquette-
Case treadmill system, General Electric, Milwaukee, USA) in
all 12 leads.

The subjects were exercised until one of the end-points was
reached: age-specific target heart rate, or the development of
symptoms necessitating termination of the test. Patients were
encouraged to perform to their maximum effort and symptoms
that developed during the test were recorded. The development
0of 0.10 mV (1 mm) or more of J-point depression measured from
the PQ junction, with a relatively flat ST-segment slope (e.g. less
than 0.7-1 mV/sec), depressed 0.10 mV or more 80 ms after the
J point (ST 80) in three consecutive beats, with a stable baseline,
was considered to be an abnormal response.

Criteria for a positive exercise test were determined as an
abnormal ST-segment response, or other criteria for positive
exercise testing [drop in systolic blood pressure > 10 mmHg
from baseline blood pressure despite an increase in workload,
when accompanied by other evidence of ischaemia; moderate to
severe angina; sustained ventricular tachycardia; ST elevation (>
1.0 mm) in leads without diagnostic Q waves (other than V1 or
avR)]." Patients with a positive exercise test were placed in the
positive exercise group. Patients who did not meet the positive
criteria were not considered to have ischaemia and were put in
the negative exercise group.

In order to detect the ischaemic actiology, coronary angio-
graphy was performed on an outpatient basis on all patients in
the positive exercise group on another suitable day. Stenosis that
reduced the lumen diameter by 50% in a coronary artery was
accepted as a haemodynamically significant lesion.

Blood sampling and biochemical analysis

Venous blood samples were taken from the antecubital veins
of patients before and 15 minutes after the exercise test. Blood

samples were taken in standard heparinised and non-heparinised
tubes. Samples were centrifuged at 3 500 rpm for 10 minutes.
Care was taken with the blood samples so as not to become
lipaemic or haemolysed. Centrifuged heparinised blood samples
were kept at —20°C.

SAA and hs-CRP were immediately assayed from the non-
heparinised blood samples using immunonephelometric assays
(Dade-Behring, BN II, Marburg, Germany). The reference
concentration for SAA was < 5 mg/l and for hs-CRP it was <
3mg/l. After collecting the samples, NT-proBNP (pg/ml) was
assayed using the immulite 1 000 chemiluminescence immuno-
assay system (Siemens Medical Solution Diagnostics, Deerfiled,
USA).

Statistical analysis

SPSS for Windows version 13.0 was used for statistical analysis.
Student’s t-test was used for comparison of mean values; p < 0.05
was accepted as significant.

Results

Of the 96 patients, 48 (18 women, 30 men) with positive exer-
cise tests were allocated to the positive exercise group and 48
(18 women, 30 men) with negative exercise tests were put into
the negative exercise group. There was a statistically significant
difference between the two groups for smoking, hyperlipidae-
mia, hypertension and family history of coronary heart disease
(Table 1).

Mean exercise duration was significantly longer in the nega-
tive exercise group than in the positive exercise group (11.5+ 1.1
vs 8.9 £ 2.6 min, p < 0.001). Metabolic equivalents (METs) were
also higher in the negative exercise group than in the positive
group (12.3 £ 1.5 vs 9.5 £ 2.6, p < 0.001). There was no differ-
ence between the levels of hs-CRP, SAA and NT-proBNP before
and after exercise testing in both groups (Table 2).

The results of coronary angiography in the positive exer-
cise group of patients were as follows: there was single-vessel
disease in 21 patients, two-vessel disease in 11 patients, isolated
side-branch disease in five patients, triple-vessel disease in four
patients, left main coronary artery disease in two patients, left
main plus triple-vessel disease in two patients, coronary artery
ectasia in two patients, and spontaneous dissection of one coro-
nary artery in one patient.

Medical follow up was chosen in 28 patients as the main

TABLE 1. DEMOGRAPHIC FEATURES AND

RISK FACTORS OF PATIENTS
Positive exercise Negative exercise
testing testing

m=48) (%) m=48) (%)  p-value
Age (years) 57+10.0 57+7.0 >0.05
Gender (female/male) 18/30 18/30 >0.05
BMI (kg/m?) 27.7+£3.7 289142 >0.05
Diabetes mellitus 16/48 (33) 14/48 (29) >0.05
Current smoker 30/48 (62) 18/48 (37) <0.03
Hypertension 44/48 (91) 18/48 (37) <0.001
Hyperlipidaemia 44/48 (91) 26/48 (54) <0.001
Family history 41/48 (85) 16/48 (33) <0.001

BMI: body mass index.
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TABLE 2. SERUM HS-CRP, SAA AND NT-proBNP LEVELS BEFORE AND AFTER EXERCISE TESTING

Positive exercise testing (n = 48)

Negative exercise testing (n =48)

Pre-test Post-test
Hs-CRP (mg/1) 4.1+6.2 49+6.5
SAA (mg/l) 84+123 10.0 £ 14.0
NT-proBNP (pg/ml) 175.1+392.3 201.5+461.6

hs-CRP: high-sensitivity C-reactive protein, SAA: serum amyloid-associated protein, NT-proBNP: N-terminal proBNP.

Pre-test Post-test p-value
19£13 27+1.7 >0.05
5.8+4.2 62+4.1 >0.05
92.2+130.5 102.5+139.2 >0.05

therapeutic modality, whereas 14 patients underwent percutane-
ous coronary intervention and were discharged one day after the
procedure with appropriate medication. In six patients, an aorto-
coronary bypass grafting operation was successfully performed.
No surgery-related complications occurred and all of the patients
were discharged uneventfully.

Discussion

In this study, we observed a slight non-significant rise in the
serum levels of hs-CRP, SAA and NT-proBNP with exercise.
Although the increase in serum SAA, hs-CRP and NT-proBNP
levels during exercise testing was slightly more in the positive
exercise group, the difference was not significant. We concluded
that serum levels of hs-CRP, SAA and NT-proBNP could not
predict the occurrence of reversible myocardial ischaemia during
exercise.

Shehadeh et al. reported that there was no relation between
hs-CRP and transient myocardial ischaemia in patients with a
history of chronic heart failure or previous myocardial infarc-
tion.” They also found that exercise duration was longer in
patients with lower levels of hs-CRP. In our study, although basal
serum hs-CRP levels were the same in the two groups, the exer-
cise capacity of the non-ischaemic group was better than in the
ischaemic group. Veleska et al. could not find any relationship
between serum hs-CRP levels and exercise testing results in a
study that included 200 patients with positive exercise tests.® On
the other hand, Cosin-Sales et al. reported a correlation between
serum hs-CRP levels and ST-segment depression during exercise
testing with Holter monitoring, and the frequency of angina
episodes in patients with typical chest pain and normal coronary
angiograms.® Therefore, the relationship between hs-CRP and
reversible myocardial ischaemia was not as clear as in unstable
coronary artery disease and needs to be clarified in large-scale
studies.

High-density lipoprotein (HDL) is the main carrier of SAA
in plasma. In cases of low HDL status, SAA is carried by the
other apolipoproteins.'”?' SAA may comprise up to 80% of HDL
during inflammation, which results in deterioration of the anti-
atherogenic properties of HDL."**' Ogasawara et al. reported that
HDL molecules rich in SAA are a risk factor for cardiovascular
diseases, therefore the SAA/LDL complex was found to be
directly related to high cardiovascular risk.

In both groups in our study, serum SAA levels increased
slightly after exercise testing but there was no significant differ-
ence. The increase in SAA levels seemed not to be associated
with myocardial ischaemia. We also could not find any study
addressing the relationship between SAA and transient myocar-
dial ischaemia in the literature.

Early studies reported a decrease in serum inflammatory
biomarker levels in subjects who exercised regularly.” However,

during short, sudden exercise, the immune system becomes acti-
vated and inflammatory biomarker levels elevate in the serum.
This mechanism has not been clarified.” The possible mecha-
nisms are: muscle damage during exercise, new developing
oxidative stress as a response to the increase in oxygen demand
with the forced usage of muscles, and increased interleukine-6
(IL-6) synthesis in muscles.

Firstly, the increase in serum CRP and SAA levels during
exercise may be due to increased synthesis of IL-6. In addition,
leucocyte counts increase during exercise.” As a result, these
changes may trigger immune system activation and increased
levels of acute-phase reactants. In our study, serum SAA levels
increased, as did serum hs-CRP levels after exercise in both the
ischaemic and non-ischaemic groups. But we felt these eleva-
tions were as a result of exercise-induced immune system activa-
tion and did not reflect myocardial ischaemia.

NT-proBNP is the inactive form of BNP. Like other natriu-
retic peptides, the serum concentration of NT-proBNP increases
as a response to increased left ventricular myocardial wall
stress.”* NT-proBNP levels increased in patients with disorders
causing left ventricular diastolic dysfunction, but this increase
in NT-proBNP was not as much as that seen in left ventricular
systolic dysfunction.”

In recent years, increased NT-proBNP synthesis has been
shown as a response to myocardial ischaemia. In addition, it has
also been shown that increases in NT-proBNP levels were related
to the extent and severity of the coronary artery disease.” Serum
NT-proBNP was found to be a strong predictor for future cardio-
vascular events in patients with stable angina pectoris.”

Some studies were designed for detecting the correlation
between NT-proBNP and transient myocardial ischaemia. Kurz
et al. found that baseline NT-proBNP levels were higher in
patients with transient ischaemia; however there was no corre-
lation between NT-proBNP levels and ischaemia after exercise
testing.”® In another study which was done with myocardial
perfusion scintigraphy, Staub ef al. reported that NT-proBNP
levels before and after exercise were significantly higher in
patients who developed transient ischaemia.’ Sabatin et al. and
Foote et al. also reported similar results.”>* On the other hand,
other studies reported contradictory findings.*** In a study,
before and after exercise testing, serum NT-proBNP levels were
studied hourly for six hours and NT-proBNP levels were not
found to be correlated with myocardial ischaemia.*

In our study, we could not find any relationship between tran-
sient myocardial ischaemia and serum NT-proBNP levels before
and after exercise testing. In both ischaemic and non-ischaemic
patients, serum NT-proBNP levels increased slightly after exer-
cise testing. This might have been caused by a mechanism other
than ischaemia. In a study on healthy adults, an increase in serum
NT-proBNP levels was shown after electrocardiographic exercise
testing.”” It was concluded that these increases after exercise test-
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ing were due to elevated cardiac load and increased ventricular
wall tension.**

The most important limitation of our study was the small
number of patients. This was due to us excluding patients with
known coronary artery disease and prior revascularisation.
Another limitation was that it was a single-centred study reflect-
ing a local area.

Conclusion

In our study we found that there was no relationship between
exercise-induced transient myocardial ischaemia and serum
hs-CRP and SAA levels as inflammatory biomarkers, and serum
NT-proBNP levels as a non-inflammatory biomarker. All three
biomarkers increased with exercise for different reasons but
these elevations were not related to transient myocardial ischae-
mia. Large-scale clinical studies are needed to clarify the status
of hs-CRP, SAA and NT-proBNP with exercise.

References

1. Pepys M, Hirschfield G. C-reactive protein: a critical update. J Clin
Invest 2003; 111: 1805-1812.

2. Calabro P, Willerson J, Yeh E. Inflammatory cytokine stimulate
C-reactive protein production by human coronary artery smooth muscle
cells. Circulation 2003; 108: 1930-1932.

3. Biasucci LM, Liuzzo G, Grillo RL, Caligiuri G, Rebuzzi AG, Buffon
A, et al. Elevated levels of C-reactive protein at discharge in patients
with unstable angina predict recurrent instability. Circulation 1999; 99:
855-860.

4. Lindahl B, Toss H, Siegbahn A, Venge P. Wallentin L. Markers of
myocardial damage and inflammation in relation to long-term mortal-
ity in unstable coronary artery disease. N Engl J Med 2000; 343:
1139-1147.

5. Tanaka A, Shimada K, Sano T, Namba M, Sakamoto T, Nishida Y, et
al. Multiple plaque rupture and C-reactive protein in acute myocardial
infarction. J Am Coll Cardiol 2005; 45: 594-599.

6. Cosin-Sales J, Pizzi C, Brown S, Kaski JC. C-reactive protein, clini-
cal presentation, and ischemic activity in patients with chest pain and
normal coronary angiograms. J Am Coll Cardiol 2003; 41:1468—-1474.

7. Shehadeh J, Lewis BS, Weisz G, David M, Ashkenazi T, Halon DA.
Relation between C-reactive protein, treadmill exercise testing, and
inducible myocardial ischemia. Am J Cardiol 2004; 93: 614—617.

8. Veselka J, Prochazkova S, Duchonova R, Bolomova I, Urbanova T, Tesar
D, Honek T. Relationship of C-reactive protein to presence and severity
of coronary atherosclerosis in patients with stable angina pectoris or a
pathological exercise test. Coron Art Dis 2002; 13: 151-154.

9. Uhlar CM, Whitehead AS. Serum amyloid A, the major vertebrate
acute-phase reactant. Eur J Biochem 1999; 265: 501-523.

10. Ebeling P, Teppo AM, Koistinen HA, Viikari J, Rénnemaa T, Nissén M,
et al. Troglitazone reduces hyperglycaemia and selectively acute-phase
serum proteins in patients with type II diabetes. Diabetologia 1999; 42:
1433-1438.

11. Leinonen ES, Hiukka A, Hurt-Camejo E, Wiklund O, Sarna SS, Mattson
Hultén L, et al. Low-grade inflammation, endothelial activation and
carotid intima-media thickness in type 2 diabetes. J Intern Med 2004;
256: 119-127.

12. Kontush A, Chapman J. Functionally defective high-density lipoprotein:
A new therapeutic target at the crossroads of dyslipidemia, inflamma-
tion, and atherosclerosis. Pharmacol Rev 2006; 58: 342-374.

13. Johnson BD, Kip KE, Marroquin OC, Ridker PM, Kelsey SF, Shaw
LJ, et al; National Heart, Lung and Blood Institute. Serum amyloid A
as a predictor of coronary artery disease and cardiovascular outcome
in women: the National Heart, Lung and Blood Institute-sponsored
Women’s Ischemia Syndrome Evaluation (WISE). Circulation 2004;
109: 726-732.

14. Kosuge M, Ebina T, Ishikawa T, et al. Serum amyloid A is a better

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

predictor of clinical outcomes than C-reactive protein in non-ST-
segment elevation acute coronary syndromes. Circ J2007; 71: 186-190.
Soeki T, Kishimoto I, Okumura H, Tokudome T, Horio T, Mori K,
Kangawa K. C-type natriuretic peptide, a novel antifibrotic and antihy-
pertrophic agent, prevents cardiac remodeling after myocardial infarc-
tion. J Am Coll Cardiol 2005; 45: 608—616.

Weber M, Mitrovic V, Hamm C. B-type natriuretic peptide and
N-terminal pro-B-type natriuretic peptide: Diagnostic role in stable
coronary artery disease. Exp Clin Cardiol 2006; 11: 99—101.

Toth M, Vuorinen KH, Vuolteenaho O, Hassinen IE, Uusimaa PA,
Leppdluoto J, Ruskoaho H. Hypoxia stimulates release of ANP and BNP
from perfused rat ventricular myocardium. Am J Physiol Heart Circ
Physiol 1994; 266: 1572—1580.

Gibbons RJ, Balady GIJ, Bricker JT, Chaitman BR, Fletcher GE
Froelicher VF, et al; American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (committee to update
the 1997 Exercise Testing Guidelines). ACC/AHA 2002 guideline
update for exercise testing: summary article: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee to Update the 1997 Exercise Testing
Guidelines). Circulation 2002; 106: 1883—1892.

Chait A, Han CY, Oram JF, Heinecke JW. Lipoprotein-associated
inflammatory proteins: markers or mediators of cardiovascular disease?
J Lipid Res 2005; 46: 389-403.

Van der Westhuyzen DR, de Beer FC, Webb NR. HDL cholesterol
transport during inflammation. Curr Opin Lipidol 2007; 18: 147-151.
Kisilevsky R, Tam SP. Acute phase serum amyloid a, cholesterol
metabolism, and cardiovascular disease. Pediat Pathol Mol Med 2002,
21: 291-305.

Ogasawara K, Mashiba S, Wada Y, Sahara M, Uchida K, Aizawa T,
Kodama T. A serum amyloid A and LDL complex as a new prognostic
marker in stable coronary artery disease. Atherosclerosis 2004; 174:
349-356.

Shephard RJ, Shek PN. Potential impact of physical activity and sport on
the immune system : A brief review. BrJ Sp Med 1994; 28: 247-255.
Fischer CP. Interleukin-6 in acute exercise and training: what is the
biological relevance? Exer Immunol Rev 2006; 12: 6-33.

Maisel AS, Krishnaswamy P, Nowak RM, McCord J, Hollander JE,
Duc P, et al; Breathing Not Properly Multinational Study Investigators.
Rapid measurement of B-type natriuretic peptide in the emergency diag-
nosis of heart failure. N Engl J Med 2002; 347: 161-167.

Harrison A, Morrison LK, Krishnaswamy P, Kazanegra R, Clopton P,
Dao Q, et al. B-type natriuretic peptide (BNP) predicts future cardiac
events in patients presenting to the emergency department with dyspnea.
Ann Emerg Med 2002; 39: 131-138.

Chang AY, Abdullah SM, Jain T, Stanek HG, Das SR, McGuire DK,
et al. Associations among androgens, estrogens, and natriuretic peptides
in young women: observations from the Dallas Heart Study. J Am Coll
Cardiol 2007; 49: 109-116.

Bibbins-Domingo K, Ansari M, Schiller NB, Massie B, Whooley MA.
B-type natriuretic peptide and ischemia in patients with stable coronary
disease. Circulation 2003; 108: 2987-2992.

Schnabel R, Lubos E, Rupprecht HJ, Espinola-Klein C, Bickel C,
Lackner KJ, et al. B-type natriuretic peptide and the risk of cardiovas-
cular events and death in patients with stable angina: results from the
AtheroGene study. J Am Coll Cardiol 2006; 47: 552-558.

Kurz K, Voelker R, Zdunek D, Wergeland R, Hess G, Ivandic B, et al.
Effect of stress-induced reversible ischemia on serum concentrations of
ischemia-modified albumin, natriuretic peptides and placental growth
factor. Clin Res Cardiol 2007; 96: 152—159.

Staub D, Nusbaumer C, Zellweger MJ, Jonas N, Wild D, Pfisterer ME,
et al. Use of B type natiuretic peptide in the detection of myocardial
ischemia. Am Heart J 2006; 151: 1223-1230.

Sabatine MS, Morrow DA, de Lemos JA, Omland T, Desai MY,
Tanasijevic M, et al. Acute changes in circulating natriuretic peptide
levels in relation to myocardial ischemia. J Am Coll Cardiol 2004; 44:
1988-1995.

Foote RS, Pearlman JD, Siegel AH, Yeo KT. Detection of exercise-
induced ischemia by changes in B-type natriuretic peptides. J Am Coll



)

34.

35.

36.

CARDIOVASCULAR JOURNAL OF AFRICA - Vol 22, No 2, March/April 2011

Cardiol 2004; 44: 1980-1987.

Chatha K, Alsoud M, Griffiths MJ, Elfatih A, Abozguia K, Horton RC,
et al. B-type natriuretic peptide in reversible myocardial ischaemia. J
Clin Pathol 2006; 59: 1216-1217.

De Greef J, Govender R, Vermaak W, Perumal N, Libhaber E, Vangu
MD. Does dipyridamole-induced ischaemia affect NT-proBNP secre-
tion? Cardiovasc J Afi 2007; 18: 371-374.

De Geef J, Funk M, Vermaak W, Perumal N, Libhaber E, Vangu MD.
NT-proBNP and the diagnosis of exercise-induced myocardial ischae-
mia. Cardiovasc J Afr 2008; 19: 264-267.

37.

38.

39.

Van der Zee PM, Verberne HJ, Van Spijker RC, Van Straalen JP,
Fischer JC, Sturk A, et al. Relation of N-terminal pro B-type natriuretic
peptide levels after symptom-limited exercise to baseline and 1schemia
levels. Am J Cardiol 2009; 103: 604—610.

Huang WS, Lee MS, Perng HW, Yang SP, Kuo SW, Chang HD.
Circulating brain natriuretic peptide values in healthy men before and
after exercise. Clin Exp Metabol 2002; 51: 1423-1426.

Scharhag J, Meyer T, Auracher M, Miiller M, Herrmann M, Gabriel H,
et al. Exercise-induced increases in NT-proBNP are not related to the
exercise-induced immune response. BrJ Sports Med 2008; 42: 383-385.

AFRICA

www.cvja.co.za |

Articles

Cardiovascular Journal of Africa (official journal of PASCAR)

The Cardiovascular Journal of Africa has now joined more than 2 900 leading scientific journals
including the American Journal of Cardiology and the American Heart Journal
in using Editorial Manager for submission and review of manuscripts.

This online service has been available from 1 October 2006.

Editorial Manager, which is used by more journals than any other online system, provides:

o Simple submission of your manuscript

» Easy-to-access check on the status of your submission

»  Convenient amendment of your submitted manuscript during the peer-review process

*  You can now submit in English or Afrikaans/French/Portuguese with English summary

For further details see Instructions to Authors on our website

http://www.cvja.co.za

Tel/Fax: (021) 976-8129
Int: +2721 976-8129
Alternative fax no: +2721 86 610-3395

FOR RAPID
REVIEW
AND FAST
PUBLICATION For further assistance please contact:

The Editor
PO BOX 1013
Durbanville
7551

or info@cvja.co.za



	OFC
	IFC
	22.2
	IBC
	OBC



