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Abstract
Background: Natriuretic peptides are released by the heart in response to wall stress. 

Objective: The NT-Pro-BNP concentrations in slow coronary flow (SCF) patients were assessed before and after the 
exercise test and compared with the values of healthy controls.

Methods: The study population was 34 patients with SCF [22 males (64.7%), aged 51.0±6.2 years], and 34 normal 
subjects with normal coronary arteries [21 males (61.8%), aged 53.2±6.6 years]. Coronary flow rates of all patients and 
control subjects were documented as Thrombolysis in Myocardial Infarction (TIMI) frame count. Blood samples were 
drawn at rest and after the exercise testing. 

Results: The baseline NT-Pro-BNP concentrations of the SCF patients were higher than those of the control subjects (NT-
Pro-BNP: 49.7±14.2 pg/mL vs. 25.3±4.6 pg/mL  p<0.0001, respectively), and this difference increased after exercise 
test between the groups (NT-Pro-BNP: 69.5±18.6 pg/mL vs. 30.9±6.4 pg/mL  p<0.0001). In SCF group after exercise, 
NT-Pro-BNP concentration in 15 patients with angina was higher than those without angina (76.8 ± 17.8 pg/mL vs. 
63.8±17.5 pg/mL p=0.041). NT-Pro-BNP concentration in 11 patients with ST depression was also higher than those 
without ST depression (82.4 ± 17.3 pg/mL vs. 63.3 ± 16.1 pg/mL  p=0.004). Median post-exercise increases in NT-
Pro-BNP (∆  NT-Pro-BNP) were higher in the SCF group than in the control group (∆ NT-Pro-BNP: 19.8±7.7 pg/mL vs. 
5.7±4.5 pg/mL p<0.0001).

Conclusion: The results of this study suggest that there may be an important pathophysiologic link between the severity 
of SCF (microvascular or epicardial coronary artery dysfunction) and the level of circulating NT-Pro-BNP in SCF patients. 
(Arq Bras Cardiol 2012;99(6):1115-1122)
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in the heart. B-type natriuretic peptide (BNP), which has 
vasodilatory, diuretic, and renin-angiotensin-aldosterone 
antagonist effects, is synthesized as a 108-aminoacid-long 
prohormone termed proBNP. After secretion, this propeptide 
is divide into its biologically active BNP and the remaining 
NT-Pro-BNP. It is secreted mainly from the ventricular wall in 
response to increases in wall stress8,9. In the normal situation, 
cardiac production and plasma concentration of NT-pro-
BNP is very low. The most significant stimulant for cardiac 
secretion of NT-pro-BNP is stretch of cardiac myocytes10,11. 
A great number of studies have revealed that the plasma 
level of BNP and the inactive amino-terminal fragment of 
its prohormone (N-terminal fragment of B-type natriuretic 
peptide pro-hormone [NT-pro-BNP]) elevate in a variety of 
right and left ventricular functional and structural abnormalities 
such as coronary artery disease (CAD), severe valve disease 
and heart failure12-17.

In the present study, we aimed to investigate the plasma 
NT-Pro-BNP concentrations of SCF patients before and post-
exercise testing because, to the best of our knowledge, there 

Introduction
Approximately 10–20% of patients with typical angina 

pectoris have normal coronary arteries, and most of these 
patients are syndrome X1,2. However, syndrome X is a 
heterogeneous group that includes slow coronary flow (SCF)3. 
SCF is characterized by late opacification of the epicardial 
coronary arteries without occlusive disease. Since its first 
description by Tambe et al4 in 1972, although endothelial and 
vasomotor dysfunction, microvascular dysfunction, and disease 
of small coronary arteries have been convicted in SCF4-7, the 
etiopathogenesis of SCF has not been exactly understood yet.

The natriuretic peptides are a family of chemically 
related neurohormones that are produced predominantly 
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is no study that has evaluated NT-pro-BNP concentrations at 
rest and post-exercise in SCF patients. 

Methods

Study population
Thirty-four patients with angiographically proven SCF but 

normal epicardial coronary arteries and thirty-four healthy 
subjects with angiographically normal coronary arteries 
without luminal irregularities as control group were selected 
from patients who had undergone coronary angiography 
because of typical and quasi-typical symptoms of angina. 
All control subjects with no history of cardiovascular disease 
and other systemic illness had normal echocardiographic 
and exercise studies. Patients who suffered from one of the 
following diseases or associated disorders were excluded: 
myocardial and/or valvular heart disease, systolic and/
or diastolic dysfunction, atrial disease or enlargement, 
cardiac arrhythmia such as atrial fibrillation, left ventricular 
hypertrophy and contraindication for exercise testing. After 
signed informed consent was obtained, all concomitant 
medication was stopped for at least five half lives before the 
test. The study was carried out according to the principles of 
the Declaration of Helsinki and approved by the Investigational 
Review Board of Mersin University, School of Medicine.

TIMI (Thrombolysis in Myocardial Infarction) Frame Count
For the quantitative measurement of coronary blood flow, 

the time elapsed from the appearance of contrast agent until 
it reached the distal end of the coronary arteries in terms of 
cineframe count was considered to be the TIMI frame count18. 
Thereafter, the final count was subtracted from the initial and 
the exact TIMI frame was calculated for the given artery. The 
cut-off values for the TIMI frame counts are taken from the study 
of Gibson et al18, in which 78 normal coronary arteries were 
evaluated.18 Their cut-off values because of the length of time 
needed for normal visualization of the coronary arteries were 
36.2 ± 2.6 frames for the left anterior descending coronary 
artery (LAD), 22.2 ± 4.1 frames for the left circumflex coronary 
artery (LCX) and 20.4 ± 3 frames for the right coronary artery 
(RCA). They proposed that the TIMI frame count for the LAD 
was 1.7-fold higher than those of the LCX and RCA. In their 
study, the reason given for these differences was that the LAD 
is 1.5-fold longer than RCA and 1.6-fold longer than LCX 
anatomically. Therefore, the TIMI frame count was divided by 
1.7 when the LAD was the case, for adjusted correction. The 
corrected cut-off value for the LAD was 21.1 ± 1.5 frames. Any 
values obtained above these thresholds were considered to be 
SCF in our study. The TIMI frame counting was undertaken 
separately by 2 cardiologists and in the case of conflict, the 
frames were referred to a third one. All TIMI frame counts were 
measured in matched projections using Medcon Telemedicine 
Technology (version 1.900, Israel).

Exercise Treadmill Testing
The 12-lead maximal effort exercise tests were performed 

using standard graduated treadmill protocols consistent with 
American Heart Association guidelines19, with all medications 

discontinued for at least 5 half lives before evaluation. Patients 
were encouraged to give their maximal effort, but not to allow 
their angina to reach levels higher than previously experienced. 
The results were analyzed and reported using a computerized 
database (EXTRA; Mosby Publishers; Chicago, IL, USA)20. The 
ST segment response considered was the most horizontal or 
downsloping ST-segment depression in any lead, except for 
aVR, during exercise or recovery. An abnormal response was 
defined as ≥0.1 mV at 0.08 s after the J point of horizontal 
or downsloping ST-segment depression and chest pain onset 
during exercise. Sampling time was determined according to 
study by Foote et al.15 Blood samples were drawn from the 
forearm vein at rest and again at 1 minute post-exercise testing.

Analysis of NT-Pro-BNP levels
Resting and post-exercise blood samples were analyzed in 

batches for NT-pro-BNP using an electrochemiluminescent 
immunoassay (Roche diagnostics, Manheim GmbH, Germany) 
on an E-170 hormone autoanalyzer.

Statistical Analysis
Statistical analysis was performed using SPSS software 

package (Version 15.0, SPSS Inc, Chicago, IL, USA). Continuous 
variables were expressed as means ± SD. Categorical variables 
were expressed as percentage. Kolmogorow-Smirnov test was 
used to investigate whether the distribution of measurements was 
normal or not. To compare the two groups according to changes 
after the exercise in the variables that show normal distribution 
and according to measurements before and after exercise, 
independent t test was used. In contrast, for the variables that 
do not show normal distribution, Mann-Whitney U test was 
used. Also in the patients according to these measurements for 
comparison of that with chest pain and no pain; and also for 
comparison of that had ST segment depression and without 
ST depression, independent-t test was used. Paired-t test was 
used to determine the significance of changes observed before 
and after exercise in both patients and controls. Linear relations 
between measurements in both patients and controls were 
examined by Pearson’s correlation. All hypothesis testing was 
2-tailed. A p-value of < 0.05 was considered significant.

Results
Clinical characteristics of control and patient groups were 

presented in Table 1. There was no statistically significant 
difference between two groups in respect to age, gender, 
hypertension, diabetes mellitus, hyperlipidemia and cigarette 
smoking. Besides, we found no significant difference 
between two groups in terms of body mass index (BMI), total 
cholesterol, LDL cholesterol, HDL-cholesterol and triglyceride 
levels. Systolic and diastolic blood pressures were similar in 
both groups measured during the exercise testing. Patients 
with SCF were detected to have significantly higher TIMI frame 
count for each major epicardial coronary artery compared to 
control subjects (Table 1).

Plasma baseline NT-Pro-BNP levels of patients with SCF 
were found to be significantly higher than those of control 
subjects. Post-exercise plasma NT-Pro-BNP levels of SCF 
patients were also higher. Median post-exercise increases in 
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NT-Pro-BNP (∆NT-Pro-BNP) were higher in the SCF group 
than in the control group (∆NT-Pro-BNP: 19.8 ± 7.7 pg/mL 
vs. 5.7 ± 4.5 pg/mL; p<0.0001) (Table 2).

Exercise test was stopped because of chest pain and ST 
segment depression in 15 SCF patients. Of them, 11 had 
both chest pain and ST segment depression, 4 had only 
chest pain. Control subjects completed the whole protocol 
and none showed ST-segment changes, tachyarrhythmia 
or chest pain throughout the procedure. Peak exercise 

heart rate, peak exercise systolic blood pressure and rate 
– pressure product were significantly higher in the control 
group than in the patient group. The exercise parameters 
of both groups are summarized in Table 3. In SCF group, 
NT-Pro-BNP concentrations in 15 patients with angina 
was higher than those without angina after exercise (76.8 
± 17.8 pg/mL vs. 63.8±17.5 pg/mL; p=0.041) (Figure 1). 
NT-Pro-BNP concentration in 11 patients with ST segment 
depression was also higher than those without ST segment 

Table 1 - Comparison of baseline clinical characteristics, and TIMI frame counts of SCF patients and control subjects

Control (n=34) SCF (n=34) p value

Age (year) 53.2 ± 6.6 51.0 ± 6.2 NS

Male sex, n (%) 21 (61.8%) 22 (64.7%) NS

Hyperlipidemia, n ( %) 16 (47.1%) 15 (44.1%) NS

Hypertension, n (%)
• Systolic BP (mmHg)
• Diastolic BP (mmHg)

14 (41.2%)
136 ± 18
81 ± 11

15 (44.1%)
132 ± 21
83 ± 12

NS
NS
NS

Cigarette smoking, n (%) 11 (32.4%) 11 (32.4%) NS

Diabetes mellitus, n (%) 4 (11.8%) 4 (11.8%) NS

Ejection Fraction (%) 69.0 ± 3.7 69.4 ± 3.5 NS

BMI (kg/m2) 25.1 ± 3.8 26.0 ± 3.4 NS

TIMI frame count
• LAD
• LCx
• RCA
• Mean TIMI frame count

26 ± 4
24 ± 3
22 ± 2
25 ± 2

54 ± 8
50 ± 3
48 ± 4
51 ± 6

< 0.0001
< 0.0001
< 0.0001
< 0.0001

NS: non-significant; TIMI: Thrombolysis In Myocardial Infarction; BP: Blood Pressure; BMI: Body mass index; LAD: Left anterior descending; LCx: Left circumflex; 
RCA: Right coronary artery

Table 2 - Baseline and post-exercise plasma NT-Pro-BNP concentrations in SCF and control groups

Controls (n=34) SCF (n=34) p value

Baseline NT-Pro-BNP (pg/mL) 25.3 ± 4.6 49.7 ± 14.2 < 0.0001

Post-exercise NT-Pro-BNP (pg/mL) 30.9 ± 6.4 69.5 ± 18.6 < 0.0001

Δ NT-Pro-BNP (pg/mL) 5.7 ± 4.5 19.8 ± 7.7 < 0.0001

∆: median post-exercise increases

Table 3 - Exercise parameters of SCF and control groups

Controls (n=34) SCF (n=34) p value

Baseline heart rate (beats/min) 78 ± 6 77 ± 9 NS

Peak exercise heart rate (beats/min) 173 ± 6 159 ± 8 < 0.0001

Peak systolic blood pressure (mmHg) 188 ± 7 178 ± 11 < 0.0001

Rate-pressure product 
[(mmHg x beats/min)] x 102 327 ± 18 284 ± 25 < 0.0001

Angina, n (%) – 15 (44%) −

ST segment depression, n (%) – 11 (32%) –

Both angina and ST depression, n (%) – 11 (32%) –
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depression after exercise (82.4 ± 17.3 pg/mL vs. 63.3 ± 
16.1 pg/mL; p=0.004) (Figure 2). In addition, NT-Pro-BNP 
value in 11 patients with both angina and ST segment 
depression was greater than those with only angina after 
exercise (82.4 ± 17.3 pg/mL vs. 61.2 ± 7.4 pg/mL; 
p=0.006). Only the exercise rate-pressure product among 
exercise testing parameters was negatively correlated with 
post-exercise NT-Pro-BNP in patient group (Figure 3). There 
was no correlation between exercise testing parameters and 
NT-Pro-BNP levels in both groups. The mean TIMI frame 
count was 51.3 ± 6.1 in the SCF patients. The mean TIMI 
frame count was not correlated with baseline and/or post-
exercise NT-Pro-BNP concentrations.

Discussion
The results of our study have three main findings; 1) NT-

Pro-BNP plasma concentration was higher in patients with 
SCF than in a matched group of control subjects, 2) The 
differences in the NT-Pro-BNP concentrations between the 
two groups became greater after the exercise treadmill test, 
as a result of a significant increase in NT-Pro-BNP in patients 
with SCF, 3) In SCF group, NT-Pro-BNP concentrations in 
patients with angina and ST segment depression were higher 
than those without angina and ST segment depression after 
exercise test.

SCF is an angiographic finding defined as the slow 
movement of contrast throughout the coronary lumen in 

the absence of epicardial coronary stenosis. Although the 
underlying mechanism is not exactly known, many authors 
state that SCF is closely related to the microvascular and 
macrovascular disease, and has a dynamic process1-7,21-23. 
Mosseri et al6 studied six patients who suffered from angina 
pectoris but had angiographically patent major coronary 
arteries, and they concluded that right endomyocardial 
biopsy revealed pathologic small coronary arteries with 
fibromuscular hyperplasia, hypertrophy of the media, 
myointimal proliferation, and endothelial degeneration. 
Additionally, Mangieri et al7 evaluated left ventricular biopsy 
samples of 10 patients with SCF, none of whom had a 
cardiac or systemic illness, and found endothelial thickening 
due to cell edema, capillary damage, and decreased 
luminal diameter. However, Van Lierde et al21 have shown 
that extremely slow blood flow velocity confirmed by 
intracoronary Doppler measurements in patients with 
SCF, but coronary flow reserve and coronary blood flow 
were within the normal range, and these findings suggest 
that SCF may not always be a microvascular disease. They 
speculated that SCF may be caused by epicardial artery 
disease such as coronary ectasia. Some investigators have 
recently demonstrated that the intima+media area was 
thickened diffusely throughout the given coronary artery in 
patients with SCF by using intravascular ultrasound. They 
have shown the presence of diffuse early atherosclerosis 
which does not cause luminal irregularities in the coronary 
angiography of this group of patients22,23. As a result, SCF 

Figure 1 - NT-Pro-BNP concentrations in patients with angina (-) and angina (+)
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 Figure 2 - NT-Pro-BNP concentrations in patients with ST depression (-) and ST depression (+)

Figure 3 - A negative correlation between the rate-pressure product and the NT-Pro-BNP concentration in patient group
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probably prepares a suitable environment for the myocyte 
stretch due to its underlying pathophysiology. In a previous 
study, Foote et al15 have compared 74 CAD patients with 
21 healthy volunteers (with normal left ventricular functions) 
in terms of resting levels of NT-Pro-BNP and BNP. They found 
that patients with known CAD had higher NT-Pro-BNP levels 
than normal subject without CAD at rest. Again, in other 
study, it was showed that NT-Pro-BNP levels were > 4 times 
higher in patients with CAD than in control subjects16. 
Another crucial stimulus for cardiac NT-Pro-BNP secretion 
is hypoxia, which, independently of stretch, may also induce 
peptide release24. Indeed, Beltrame et al25 have revealed that 
resting coronary sinus oxygen saturation was low compared 
with control subjects, reflecting an increased resting coronary 
vasomotor tone in coronary resistance vessels in patients with 
SCF. This information may be important to explain why SCF 
patients have higher NT-Pro-BNP levels than control subjects 
at rest. So far, an association between the SCF and the levels 
of NT-Pro-BNP has been showed in the only one study, in 
which NT-Pro-BNP levels has been significantly higher in 
patients with SCF than normal control subjects26, and they 
have concluded that this association could be suggestive of a 
low grade chronic inflammation in SCF patients. Thus, in the 
pre-exercise state, presence of microvascular dysfunction, 
epicardial coronary artery disease, hypoxia and chronic 
inflammation may act together on increased NT-Pro-BNP 
concentration in the SCF patients.

One of the important findings observed in our study was 
increased levels of NT-Pro-BNP after exercise in SCF patients. 
The effects of adrenergic stimulation, such as exercise, on the 
coronary microvascular tone are controversial. Physical exercise 
stress induces only a 10% increase in plasma NT-Pro-BNP 
concentration in the normal conditions15. But, in pathological 
conditions such as endothelial dysfunction, exercise may 
give rise to marked increases in NT-Pro-BNP level. Increased 
sympathetic stimulation may cause abnormal microvascular 
constriction27 and promotes coronary flow indirectly 
through the metabolic vasodilation secondary to an increase 
in heart rate and myocardial contractility28 and, in part, to 
endothelium-mediated vasodilation29. On the other hand, it 
may have both direct vasoconstrictor and vasodilator effects 
through α- and β- receptor stimulation, respectively29. The 
net effect likely depending on the pathophysiologic state of 
the small coronary arteries. The endothelial dysfunction in 
the small coronary arteries (increased ET-1 concentrations) 
in patients with angina pectoris and normal coronary 
arteriography may increase coronary resistance and hence 
lead to myocardial ischemia 22,30,31. Thereafter, ischemia 
may give rise to transient left ventricle (LV) systolic and 
diastolic dysfunction, and may also cause an increase in 
LV end-diastolic wall tension, thus leading to an extreme 
elevation of NT-Pro-BNP levels. In addition, some hormones 
such as angiotensin II, catecholamines, and endothelin-1 
may further magnify secretion of NT-ProBNP through 
the paracrine and possibly endocrine mechanisms10,11,14. 
Previous studies22,31 have shown that endothelin-1 (ET-1) is 
higher and NO concentration is lower in patients with SCF 
than in a matched group of control subjects with normal 
coronary flow, and that endothelial dysfunction could be of 

great importance in the etiopathogenesis of SCF. In line with 
these data, it is reasonable to state that endocrine activation 
and ischemia, through the mechanisms discussed above, 
could be a major triggering factor for the elevated NT-Pro-
BNP levels in patients with SCF after exercise testing. 

Another important finding in our study was that patients 
with angina and ST segment depression had higher NT-
Pro-BNP concentrations than those without angina and 
ST segment depression after exercise test in SCF patients. 
Furthermore, although there is no correlation between the 
mean TIMI frame count and NT-Pro-BNP concentrations 
in both groups, we found a negative correlation between 
the exercise rate-pressure product and post-exercise NT-
Pro-BNP concentrations in SCF group. Myocardial oxygen 
consumption is correlated with the rate-pressure product 
(heart rate x systolic blood pressure). Hence, inability to 
supply oxygen to myocardium, when demand is high, may 
result in severe cardiovascular events such as transient 
myocardial ischemia, leading to increased NT-Pro-BNP 
levels. Until recently, one study has examined the effects 
of exercise on the levels of NT-Pro-BNP and/or BNP in 
patients with CAD, in which median post-exercise increases 
in NT-Pro-BNP and BNP were higher in the ischemic group 
than in the non-ischemic group15, a finding consistent with 
the results of the present study. Ndrepepa et al16 have 
shown that NT-Pro-BNP concentrations are high across 
the entire spectrum of CAD and parallel the clinical or 
angiographic severity of CAD. Similarly, Sabatine et al17 
also determined that transient myocardial ischemia was 
associated with an immediate rise in circulation BNP levels, 
to lesser extent, NT-Pro-BNP levels, and that the degree of 
rise was proportional to the severity of ischemia. Based on 
these notions, it is generally considered that the severity of 
ischemia caused by exercise may closely be related with 
increased ventricular wall stress or damage, thus, further 
contributing to inducing NT-Pro-BNP in SCF patients.

Limitations
Some of the main limitations of this study were that the 

overall sample size is small and, hemodynamic parameters 
such as cardiac output, pulmonary capillary wedge 
pressure, left ventricular end-diastolic pressure and right 
atrial pressure were not measured due to ethical concerns. 
Additionally, another limitation was that the levels of 
atrial natriuretic peptide (ANP) could not be measured 
simultaneously with NT-Pro-BNP levels. Further studies 
with larger samples are required to confirm our findings.

Conclusion
We found that patients with SCF had increased levels of 

NT-Pro-BNP pre- and after exercise compared with control 
subjects. Our study also demonstrated that SCF patients 
with angina and ST segment depression during exercise 
testing had higher NT-Pro-BNP concentrations than those 
without angina and ST segment depression. These findings 
might suggest an important pathophysiologic link between 
the severity of SCF (microvascular or epicardial coronary 
artery dysfunction) and the level of circulating NT-Pro-
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BNP in this group of patients. The present study may be 
of great value for the first time to demonstrate such an 
pathophysiologic association.
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