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ABSTRACT  

 

In symptomatic patients with angina, BNP or N-BNP can predict the extent of 

coronary artery disease. This study tests the hypothesis that BNP predicts reversible 

myocardial ischaemia in stroke survivors who do not have chest pain or previous 

myocardial infarction. 

Methods: 56 stroke survivors (mean age 68+/-8) underwent tetrofosmin myocardial 

perfusion scanning, using dipyridamole as stressor. The degree of ischaemia was 

assessed using a scoring system (out of 64) by an experienced observer blinded to the 

results of BNP. 

Results: In the whole cohort, BNP was significantly correlated with the degree of 

myocardial ischaemia on stress scanning (Spearman r=-0.475, p<0.001). In addition, 

BNP also correlated with the degree of reversible ischaemia (stress score –rest score) 

[Spearman r=0.28, 2-tailed p=0.049]. In the cohort who did not have left ventricular 

systolic dysfunction [N=44], BNP remained higher in patients with relevant 

myocardial ischaemia (Mean BNP=20.9 pg/ml [95% CI 15.2-26.5 pg/ml] vs. 12.2 

pg/ml [95% CI 5.95-18.5 pg/ml], p=0.046). 33 of the 44 patients had no chest pain or 

history of MI. The relationship between resting BNP and inducible ischaemia and 

dipyridamole stress score remained significant (Spearman r=0.37 and -0.38 

respectively).  

Conclusions: BNP correlates with the degree of reversible myocardial ischaemia in 

patients who do not have chest pain or a history of myocardial infarction or evidence 

of left ventricular systolic dysfunction. Stroke survivors with a high BNP deserve 

further investigations to rule out significant reversible myocardial ischaemia with the 

aim to reduce their risk of cardiac death. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.060350 on 10 O

ctober 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 

Wong et al. BNP identifies silent myocardial ischaemia in stroke survivors. “Online first”-5Sept05 3

INTRODUCTION 
 
Elevated B-type natriuretic peptide (BNP) has a recognised role of identifying left 
ventricular systolic dysfunction in patients suspected of having heart failure.  [1] It 
was then shown in Framingham that in patients without heart failure, plasma 
natriuretic peptide levels predicted the risk of death and cardiovascular events. [2] 
This may be because ischaemic myocardium releases BNP, irrespective of 
haemodynamics, e.g. elevated BNP levels are associated with tighter culprit stenosis 
[3] and in stable angina, NT-pro BNP had a close correlation with the extent of 
coronary disease. [4] Nevertheless, there are no published studies that address the 
important issue of whether BNP predicts silent myocardial ischaemia in asymptomatic 
individuals who are known to be at high risk of cardiac death but who have no chest 
pain.  
 
One such cohort of high-risk patients are survivors of cerebrovascular disease who 
often do not exercise enough to develop symptoms of angina. Nevertheless, it is well 
known that if the patient survives the first 6 months after a stroke, the commonest 
cause of death in subsequent years is a cardiac death rather than a recurrent stroke. 
Yet few stroke survivors are routinely investigated for significant myocardial 
ischaemia despite this being their main cause of death.  
 
We have therefore tested the hypothesis that BNP is elevated in asymptomatic stroke 
survivors with silent but potentially reversible myocardial ischaemia. We tested this 
hypothesis in patients without significant left ventricular systolic dysfunction. 
Secondly, we tested the hypothesis that BNP elevation correlated with the extent of 
reversible myocardial ischaemia in stroke survivors who had no symptoms of angina. 
  
METHODS 
 
Patients 
 
56 patients who made a good recovery and were at least one month after a recently 
documented stroke or transient ischaemic attack (TIA) were recruited into the study 
from the stroke outpatient clinic. Exclusion criteria: patients who were unable to 
consent e.g. due to dementia; patients who were living in nursing home and those 
over 90 years of age. Patients with atrial fibrillation were also excluded. (It is well 
known that the presence of atrial fibrillation can result in elevated BNP levels.) 
Patients with moderate to severe asthma which contraindicated the use of 
dipyridamole without steroid cover and patients with severe chronic obstructive 
pulmonary disease on theophylline medication were also excluded for ethical reasons. 
Ethical approval was obtained from the Tayside Committee on Medical Research 
Ethics. The study also had ARSAC approval. All patients gave informed consent to 
the study.  
 
Myocardial perfusion imaging 
 
The stroke survivors underwent tetrofosmin myocardial perfusion scanning, using 
dipyridamole as stressor, with gated SPECT analysis. The degree of ischaemia was 
assessed using a scoring system (out of 64) by an experienced observer blinded to the 
results of BNP. The left ventricle was divided into 16 regions (4 apical, 3 anterior, 3 
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lateral, 3 inferior, and 3 septal) and each region was assigned a score out of 4, 
indicating the degree of perfusion. The inducible ischaemia score was calculated by 
the score at rest minus the score during the stress scan. An inducible ischaemia score 
of 3 or more was taken to represent relevant inducible myocardial ischaemia.  
 
Quantitated gated spectral analysis for ejection fraction assessment 
 
Gated study allowed accurate measurement of ejection fraction. It was known to 
correlate well with MUGA scanning. 8 frames were taken per heart beat. This method 
avoided the need of giving more irradiation to patients. Absence of left ventricular 
systolic dysfunction was defined as Gated SPECT >50%. 
 
BNP assay 
 
Venous blood samples were taken at rest and were then aliquoted into appropriate 
tubes stored on ice. The samples were spun immediately at 3000 rpm for 10 minutes 
at 5ºC in a Biofuge 28 RS centrifuge, Heraeus Instruments, UK. The BNP samples 
were stored at -70ºC. BNP was extracted from plasma using C18 columns and then 
measured by radioimmunoassay, Bachem, UK.  
 
Echocardiography 
 
Transthoracic echocardiography was done using the Hewlett Packard SONOS Phased 
Array Imaging System (HP 2000). This is because BNP can be elevated in patients 
with left ventricular hypertrophy (LVH) and abnormal diastolic function. It is 
therefore important to note whether the cohort with myocardial ischaemia had 
significantly more patients with LVH or diastolic dysfunction.  
 
Left ventricular mass index estimations 
Intraventricular septal thickness in end-diastole (IVSd), end-diastolic left ventricular 
internal dimension (LVIDd) and left ventricular posterior wall thickness in end-
diastole (PWTd) were measured from M-mode measurements, obtained at the level of 
the papillary muscles from parasternal views. When the echocardiogram was of 
sufficient research quality, left ventricular mass index (LVMI) was calculated using 
the American Society of Echocardiography guidelines and measurements were made 
from “leading edge to leading edge”.  
LVMI={0.83 x [(LVIDd+PWTd+IVSd)3-(LVIDd)3]-0.6g}/BSA 
BSA (m2)=Body Surface Area  
(defined as 0.0001x71.84x Weight(kg) 0.425 x Height(cm) 0.725) 
LVH was defined as LVMI > 134 g/m2 in men and 110 g/m2 in women. 
 
Diastolic function was assessed by E/A ratio obtained by placing a pulse wave 
Doppler signal next to the tips of the mitral valve leaflets to assess mitral inflow 
during diastole. No invasive measurements were made by cardiac catheterisation 
because of ethical reasons. 
 
Statistics 
Statistical analysis was performed using SPSS. Spearman non-parametric tests were 
used to assess correlations between BNP and Stress scan score, Rest scan score and 
Inducible ischaemia score. The Spearman test was used because this non-parametric 
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test does not assume BNP is normally distributed. UNIANOVA was used to compare 
the differences between means of continuous variables whose residuals were normally 
distributed (as evidenced by the One-sample Kolmogorov-Smirnov Test 2-tailed 
p>0.05). The Mann Whitney test would be used to assess differences between 
medians if residuals were not normally distributed. A p value of <0.05 would be 
regarded as statistically significant. 
 
RESULTS 
56 patients (39 male) underwent myocardial perfusion scanning with gated SPECT 
analysis. Their mean age was 68+/-8, mean BP 147/79 +/- 17/9 mmHg, 76% had a 
history of hypertension, 11% diabetic, 73% were current or ex-smokers, mean total 
cholesterol was 4.6+/-0.77 mmol/L. 31 patients had inducible ischaemia (scoring > 3).  
44 patients had no evidence of left ventricular systolic dysfunction as evidenced by 
gated SPECT ejection fraction <50%. Other basic characteristics of the patients are 
summarised in Table 1. 
 
Table 1 Patient Characteristics 
 
Reversible myocardial 
ischaemia 
 

Absent  Present 
 

p* 

% female 
 

29 32 NS 

Age 
 

66.0 (1.6) 69.5 (1.4) NS 

Creatinine (µmol/L) 
 

82 (5) 89 (4) NS 

SBP (mmHg) 
 

146.4 (3.5) 146.1 (3.1) NS 

DBP (mmHg) 
 

81 (1.9) 77 (1.7) NS 

History of MI or angina 
 

30 32 NS 

LVH (%) 
 

43 22 NS  

Ejection fraction (%) 54.5 (2.3) 
 

55.8 (2.0) NS 

E/A ratio 
 

0.93 (0.084) 0.82 (0.076) NS 

 
Continuous variables were expressed as Mean (SE), whilst characteristics of discrete 
variables were described using % 
 
*Fisher’s exact test was used to assess discrete variables, and UNIANOVA was used 
to assess continuous variables (provided that their residuals were normally distributed 
as evidenced by One-sample Kolmogorov-Smirnov Test 2-tailed p>0.05). 
 
NS=not significant (p>0.05) 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.060350 on 10 O

ctober 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 

Wong et al. BNP identifies silent myocardial ischaemia in stroke survivors. “Online first”-5Sept05 6

Table 2 Relationship between BNP and the degree of reversible Myocardial 
Ischaemia 
 
 
a) in the whole cohort  
 
  Inducible ischaemia 

score (Rest-stress) 
 

Dipyridamole stress 
score  

Resting score  

Spearman r 
 
 

0.280 -0.475 -0.279 

p  
(2-tailed) 
 

0.049 <0.001 0.049 

 
 
b) in patients without left ventricular systolic dysfunction-GATED SPECT >50%  
 
  Inducible ischaemia 

score 
  

Dipyridamole stress 
score  

Resting score  

r 
 
 

0.319 -0.416 -0.163 

p 
(2-tailed) 
 

0.045 0.008 0.314 

 
 
c) in patients who had no angina or history of MI and no evidence of left 
ventricular systolic dysfunction 
 
  Inducible ischaemia 

score 
  

Dipyridamole stress 
score 

Resting score 

r 
 
 

0.370 -0.375 -0.124 

p  
(2-tailed) 
 

0.048 0.045 0.521 
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BNP significantly correlated with the degree of myocardial ischaemia in the whole 
cohort of patients (stress scan result-Spearman 2p<0.001; rest scan result- Spearman 
2p=0.049, Inducible ischaemia score- Spearman 2p=0.049). [Table 2a] 
 
In the cohort of stroke survivors who did not have left ventricular systolic dysfunction, 
i.e. whose Gated SPECT ejection fraction >50%, resting BNP was significantly 
correlated with the degree of myocardial ischaemia (Stress scan result-Spearman 
2p=0.008, Inducible ischaemia score- Spearman 2p=0.045). [Table 2b] Figure 1 
graphically showed that BNP was significantly higher in patients with myocardial 
ischaemia (inducible ischaemia score of 3 or more) [Mean BNP=20.9 pg/ml, 95% CI 
15.2-26.5 pg/ml vs 12.2 pg/ml, 95% CI 5.95-18.5 pg/ml; UNIANOVA p=0.046] 
[Figure 1] The residual for resting BNP was normally distributed as the one sample 
Kolmogorov-Smirnov test 2-tailed p=0.18.  
 
33 of the 44 patients had no chest pain or history of MI. The relationship between 
resting BNP and inducible ischaemia score and dipyridamole stress score remained 
significant. (Spearman r=0.37 and -0.38 respectively, 2p=0.048 and 0.045 
respectively). [Table 2c] 
 
DISCUSSION 
 
We found that BNP levels are directly correlated with the degree of reversible 
myocardial ischaemia. This relationship remains true in patients who had neither chest 
pain, a history of myocardial infarction nor left ventricular systolic dysfunction. This 
is the first published study which demonstrates the link between BNP and reversible 
myocardial ischaemia in asymptomatic subjects who are nevertheless at high-risk of 
cardiac death.  
 
In a community-based study of 3346 subjects without heart failure, plasma natriuretic 
peptide levels predicted the risk of death and cardiovascular events over a mean 
follow-up period of 5.2 years. Such excess risk was apparent at natriuretic peptide 
levels >20pg/ml for men and 23.3 pg/ml for women. These levels were well below 
thresholds for diagnosing heart failure (i.e. 80-100 pg/ml). [2] In the present study, 
BNP is higher in stroke survivors with coronary ischaemia, even after left ventricular 
systolic dysfunction patients were excluded. In our study, patients with significant 
myocardial ischaemia had BNP levels as low as 20pg/ml.  
 
So why might patients with reversible myocardial ischaemia have higher levels of 
BNP? In patients with acute coronary syndromes, elevated BNP levels (>80pg/ml) 
were associated with tighter culprit lesion diameter stenosis, slower flow in the culprit 
artery, and LAD and more proximal culprit lesion location. [3] This raises the 
possibility that BNP which is stored in secretory granules of atrial and ventricular 
myocytes might be released during myocardial ischaemia or relative hypoxia. Indeed, 
very recently, it has been shown in isolated human atrial myocytes, that hypoxia was a 
direct stimulus for ANP and BNP secretion.  [5] It is possible that myocardial 
ischemia, even in the absence of left ventricular dysfunction, augments cardiac BNP 
gene expression and increases plasma BNP and proBNP concentrations. [6] Thus, 
there is evidence to suggest that ischaemic myocardium makes more BNP in situ and 
releases more BNP when hypoxic. [5], [6] 
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Risk stratification in cerebrovascular disease survivors should be improved if a BNP 
measurement is routinely assessed.  This could lead to perfusion scans in those stroke 
survivors with a high BNP and in those with significant reversible ischaemia, 
coronary angiography could be considered.  In the many stroke survivors who would 
not be candidates for revascularisation, an abnormal BNP and myocardial perfusion 
scan might prompt the doctor to achieve tighter risk factor (such as blood pressure) 
control than usual since the EUROASPIRE studies show how poor usual risk factor 
control is in the real world.  In this latter way, BNP could lead to the highest risk 
stroke survivors getting the best risk factor control, which obviously enhances the 
cost-effectiveness of secondary prevention in general. Asymptomatic patients with 
reversible myocardial ischaemia may also benefit from intensified statin therapy-e.g. 
atorvastatin 80mg per day. 16% of patients in the Atorvastatin versus 
Revascularization Treatment (AVERT) trial were asymptomatic. [7] 
 
Limitations of the study-The study population is small and does not permit 
adjustments for other factors known to be associated with elevated BNP. However, 
reassuringly, there is no significant difference in age, previous history of chest pain or 
myocardial infarction, blood pressure, ejection fraction, E/A ratio (for want of a more 
accurate invasive measure of diastolic function) and proportion of patients with LVH 
between the cohorts of patients with or without myocardial ischaemia.  
 
Conclusions 
BNP identifies reversible yet asymptomatic myocardial ischaemia in stroke survivors 
without left ventricular systolic dysfunction. Asymptomatic ischaemia should be 
treated to lower target levels of BP and cholesterol.  Further work would be required 
to assess how best to respond in an individual patient if BNP flagged up that this 
patient had silent myocardial ischaemia. 
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FIGURE 1 BNP is higher in patients with significant myocardial ischaemia in the 
absence of left ventricular systolic dysfunction 
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Figure Legend 
 
FIGURE 1 BNP is higher in patients with significant myocardial ischaemia in the 
absence of left ventricular systolic dysfunction 
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