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Abstract. The study aimed to investigate the role of low‑dose 
dobutamine stress myocardial contrast echocardiography 
(MCE) in evaluating myocardial local microcirculation and 
predicting cardiac function recovery in patients with myocar-
dial infarction. A total of 50 patients with acute myocardial 
infarction (AMI) were enrolled in the present study. Positron 
emission tomography was used as a gold standard to determine 
viable/non‑viable myocardial segments in infarcted myocar-
dial region. MCE and dobutamine stress MCE were carried 
out 72 h after PCI. MCE was carried out again to evaluate 
myocardial condition at 6 months after PCI. As compared 
with normal myocardial segments, resting MCE revealed 
a significant decrease of the values of A (the peak intensity 
of the time‑perfusion intensity curve, reflecting the myocar-
dial blood volume), β (the slope of the curve, reflecting the 
myocardial blood flow (MBF) velocity) and A x β (reflecting 
MBF) of viable and non‑viable myocardial segments. After 
being challenged by dobutamine, the values of A, β and A x β 
of normal coronary blood supply areas were significantly 
increased; while the segments A and A x β of viable myocar-
dium were markedly decreased. Patients were further divided 
into two groups based on the changes in the contrast‑enhanced 
index (CSI) following dobutamine loading. In the dobutamine 
stress echocardiography‑positive group (the CSI increased or 
decreased by >0.2), the left ventricular ejection fraction was 
significantly increased and pro‑B‑type natriuretic peptide 
significantly decreased at 6 months following intervention. 
Low‑dose dobutamine stress MCE was indicated to be an 

effective method to evaluate myocardial microcirculation 
perfusion in patients with AMI following PCI. In addition, 
CSI, as a simple semi‑quantitative index, may predict left 
ventricular function in patients with AMI.

Introduction

Percutaneous coronary intervention (PCI) is one of the most 
effective methods for the treatment of acute myocardial 
infarction (AMI) (1). Cardiac catheterization may be used to 
clear the narrowed or even occluded coronary lumen, thereby 
improving myocardial perfusion. However, certain studies 
have indicated that in the case of impaired coronary microcir-
culation, even if cardiac revascularization is successful, part 
of the blood flow to myocardial tissue may not fully return to 
normal, which may lead to poor recovery of left ventricular 
function (2).

Myocardial contrast echocardiography (MCE) is a tech-
nique using microbubble distribution within the intravascular 
space to reveal the status of microvascular perfusion (3). It 
enables direct and visual assessment of microvascular perfu-
sion. MCE has been used to predict the prognosis for patients 
with myocardial infarction  (4,5). MCE is more objective 
to evaluate myocardial ischemia as compared with normal 
echocardiography that visually observes the presence or 
absence of segmental motor abnormalities. Dobutamine acts 
on the β1 and β2 receptors and has a different effect on the 
damaged microcoronary and normal microcoronary vessels. 
Dobutamine is able to activate viable myocardium and may 
induce more severe myocardial ischemia. Through observing 
changes in the intramyocardial development of the ultrasound 
enhancer under dobutamine stress, surviving myocardium may 
be identified more objectively and sensitively. Dobutamine is 
increasingly being used during MCE, named as dobutamine 
stress MCE, and may significantly improve the detection rate 
of myocardial ischemia and injury in patients with coronary 
heart disease (CHD) (6,7). However, there is currently a lack 
of research into the application of stress MCE following PCI, 
its role in myocardial microcirculation evaluation and the 
prediction of subsequent cardiac function recovery. In the 
present study, the microcirculation of 50 patients with AMI 
who underwent PCI using MCE and low‑dose stress MCE was 
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assessed and the cardiac function at 6 months following PCI 
using MCE was also evaluated.

Materials and methods

Patients. From June 2016 to August 2017, 50 patients (29 males 
and 21 females) with AMI who underwent PCI were enrolled 
in the present study. The characteristics of the patients are 
listed in Table I. An appropriate stent length and diameter 
were selected for all patients. The age of the patients ranged 
from 45 to 76 years, with an average age of 61.3±12.2 years. 
The inclusion criteria were as follows: i)  Persistent chest 
pain and elevated troponin I; ii) electrocardiogram with new 
myocardial ischemia changes, i.e. new ST segment changes; 
iii) segmental wall motion abnormalities from echocardiog-
raphy; and iv) PCI performed within 24 h of the occurrence 
of chest pain. Patients were excluded if they met the following 
exclusion criteria: i) A congenital heart disease or acute heart 
failure; ii) allergy to contrast agent; iii) malignant arrhythmia 
and severe atrioventricular block; and iv) slow blood flow or no 
reflow following PCI. The characteristics of all of the patients 
are provided in Table I.

Positron emission tomography (PET). PET was used as the 
gold standard for viable myocardium detection. PET was 
performed within 3 days after stress MCE. According to the 
PET results, the myocardial segments were divided into the 
following groups: Normal myocardium group (segments with 
normal perfusion and metabolism), viable myocardium group 
(segments with a decrease in perfusion but with a normal 
metabolism) and non‑viable myocardium group (segments 
with a defected perfusion and metabolism).

MCE. MCE was performed within 72 h following PCI. A 
two‑dimensional echocardiogram was performed prior to MCE 
and SonoVue (Bracco Imaging S.p.A) was used as the contrast 
agent. A total of 59 mg SonoVue was diluted in 20 ml normal 
saline and shaken for 20 sec to obtain a white microbubble 
suspension. Subsequently, the diluted SonoVue contrast agent 
was injected into the upper limb anterior wall vein at a constant 
speed of 1.5 ml/min. After the contrast agent was stabilized 
in the myocardial image for 2‑3 min, high‑mechanical index 
ultrasound beam emission was used to destroy the contrast 
microbubbles in the myocardium, and subsequently, the reper-
fusion process of the microbubbles was observed in the apical 
view of the heart with a low mechanical index (<0.2). Patients 
were prevented from using β‑blockers and drugs that may 
affect myocardial contractility 24 h prior to MCE.

Low‑dose dobutamine stress MCE. Low‑dose dobutamine 
was injected at an initial dose of 5 µg/kg/min and subsequently 
increased to 10  µg/kg/min and then 20  µg/kg/min every 
three minutes. Any changes in heart rate and blood pressure 
were observed and MCE was performed a second time using 
the same settings after reaching the loading dose.

Data analysis/image interpretation. Semi‑quantitative 
analysis of MCE was performed using the following criteria: 
i) Uniform and sufficient contrast agent display and good 
perfusion (1  point); ii) sparse contrast agent display and 

weak perfusion or partial and flaky perfusion (0.5 point); 
and iii) contrast agent filling defect or no perfusion (0 point). 
The semi‑quantitative index was statistically analyzed using 
the contrast‑enhanced index (CSI), which is calculated by 
dividing the sum of the relevant segmental angiographic 
scores by the number of segments.

Quantitative analysis of MCE was also performed. The 
change in echo intensity (dB) of the contrast agent micro-
bubble signal in myocardial tissue over time was analyzed 
by placing the region of interest (ROI) in the center of the 
wall of each segment (the ROI size was set to a standard of 
5 mm2). The endometrium, epicardium and papillary muscles 
were avoided when the area to be analyzed was selected. The 
QLAB quantification software (Philips, version 10.5) auto-
matically generates the time‑perfusion intensity curve and fits 
the function Y=A x (1‑e‑βt) + C, where A is the peak intensity 
of the curve, reflecting the myocardial blood volume, β, is the 
slope of the curve, reflecting the myocardial blood flow (MBF) 
velocity and A x β reflects the MBF (8,9).

Statistical analysis. Data were analyzed using SPSS v22.0 
statistical software (IBM, Corp.). The distribution of data was 
analyzed by Shapiro‑Wilk test, and normally distributed data 
were expressed as the mean ± standard deviation. Categorical 
variables are expressed as n  (%). Differences between two 
independent groups were determined using Student's t‑test, 
while those among three groups were assessed using one‑way 
analysis of variance followed by a Newman‑Keuls post hoc 
test. P<0.05 was considered to indicate a statistically significant 
difference.

Results

Myocardial segment collection and adverse effects. A 
total of 475 myocardial segments were collected from the 
normal coronary blood supply area, used as normal myocar-
dium control. In the infarcted coronary blood supply area, 
264 myocardial segments were collected, including 171 viable 
myocardial segments and 93 non‑viable myocardial segments. 
No adverse effects, including abnormal heart rate, abnormal 

Table I. Clinical characteristics of patients (n=50).

Item	 Value

Age (years)	 61.3±12.2
Male sex	 29 (58)
History of smoking	 22 (44)
Hyperlipidemia	 26 (52)
Diabetes	 19 (38)
Hypertension	 28 (56)
Artery affected by infarct	
  Front descending branch	 38 (76)
  Rotating branch	   4   (8)
  Right crown	   8 (16)

Values are expressed as the mean ± standard deviation or n (%).
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blood pressure, chest tightness, belching or dizziness, were 
observed during MCE.

Evaluation of microcirculation at 72 h after PCI. Quantitative 
analysis revealed that A, β and A x β of the normal coronary 
blood supply area were significantly larger compared with 
those in the viable myocardium segment and the non‑viable 
myocardium segment (Table II).

The microcirculation was also investigated following 
low‑dose dobutamine loading. Quantitative analysis revealed 
that dobutamine loading significantly increased the values of 
A, β and A x β of the normal coronary blood supply area. 

However, in the viable myocardium, the segments A and A x β 
were markedly decreased after dobutamine loading (Table III); 
there was no significant change for segment β. As shown in 
Fig. 1, contrast agent filling defect was enhanced after stress 
test in viable myocardial segment. Furthermore, no significant 
changes were observed in the values of A, β and A x β of the 
non‑viable myocardium after loading (Table III).

Recovery of left ventricular function 6 months after PCI. A 
total of 6 months following PCI, the values of A, β and A x β 
of the viable myocardium group were significantly increased 
compared with those at 72 h following surgery; while no 

Table II. Comparison of microcirculation between normal myocardium, viable myocardium and non‑viable myocardium at 72 h 
after surgery.

Item	 Normal myocardium (n=475)	 Viable myocardium (n=171)	 Non‑viable myocardium (n=93)	 F‑value	 P‑value

A (db)	 8.47±2.03	 6.86±1.82a	 1.87±0.72a	 160.215	 <0.001
β (1/sec)	 1.21±0.43	 0.95±0.33a	 0.43±0.22a	 118.573	 <0.001
A x β (db/sec)	 10.15±3.35	 8.68±2.56a	 1.16±0.64a	 125.261	 <0.001

Values are expressed as the mean ± standard deviation. aP<0.05 vs. normal myocardium group. MBF, myocardial blood flow. A, peak intensity 
of the time‑perfusion intensity curve, reflecting the myocardial blood volume; β, slope of the time‑perfusion intensity curve, reflecting the MBF 
velocity; A x β, measure of MBF.

Table III. Comparison of microcirculation prior to and after dobutamine loading.

	 Normal myocardium (n=475)	 Viable myocardium (n=171)	 Non‑viable myocardium (n=93)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
Item	 Prior to loading	 After loading	 Prior to loading	 After loading	 Prior to loading	 After loading

A (db)	 8.47±2.03	 15.42±2.99a	 6.86±1.82	 4.39±1.15a	 1.87±0.72	 1.82±0.68
β (1/sec)	 1.21±0.43	 2.27±0.57a	 0.95±0.33	 1.07±0.51	 0.43±0.22	 0.57±0.27
A x β (db/sec)	 10.15±3.35	 35.67±5.47a	 8.68±2.56	 7.33±2.04a	 1.16±0.64	 1.03±0.26

aP<0.05 vs. prior to loading. Values are expressed as the mean ± standard deviation. MBF, myocardial blood flow. A, peak intensity of the 
time‑perfusion intensity curve, reflecting the myocardial blood volume; β, slope of the time‑perfusion intensity curve, reflecting the MBF 
velocity; A x β, measure of MBF.

Figure 1. Increased contrast agent filling defect after dobutamine stress in viable myocardial segments. Left panel, viable myocardium prior to dobutamine 
loading; right panel, viable myocardium after dobutamine loading. LV, left ventricle.
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change was observed in the non‑viable myocardium group 
(Table IV).

In order to evaluate the predictive value of dobutamine 
stress MCE for cardiac function, patients were further divided 
into two groups based on the change of CSI: i) Dobutamine 
stress echocardiography (DSE)‑positive group (increase or 
decrease of CSI by >0.2 after dobutamine challenge) and 
ii) DSE‑negative group (changes in CSI by <0.2). The results 
revealed that 6 months following intervention, the left ventric-
ular ejection fraction in the DSE‑positive group (58.97±4.60%) 
was significantly higher compared with that in the DSE‑negative 
group (51.86±5.23%; P<0.05; Fig. 2A). With regard to the 

heart failure index, pro‑B‑type natriuretic peptide (pro‑BNP), 
a significant decrease of pro‑BNP in the DSE‑positive group 
(67.73±33.79 pg/ml) was observed as compared with that in the 
DSE‑negative group (207.20±56.10 pg/ml; P<0.05; Fig. 2B). 
Taken together, CSI may effectively predict the left ventricular 
function in patients with AMI.

Discussion

Either DSE or MCE has been widely applied in the evalu-
ation of blood supply in CHD  (10,11). However, only few 
studies have been performed combining the two. Dobutamine 
stress testing was used to detect viable myocardium using a 
visual method, which was markedly affected by the subjec-
tive effect of the ultrasound physician. MCE alone may only 
reflect the myocardial microcirculation in the resting state 
and false‑positives may occur. Given their respective disad-
vantages, the potential use of the combination of MCE with 
dobutamine stress testing (low‑dose dobutamine stress MCE) 
to evaluate myocardial microcirculation perfusion and predict 
left ventricular function was explored in the present study. The 
results suggested that low‑dose dobutamine stress MCE may 
be an effective method to evaluate myocardial microcircula-
tion perfusion in patients with AMI after PCI. In addition, 
CSI as a simple semi‑quantitative index is able to predict left 
ventricular function in patients with AMI. By combining wall 
motion and myocardial perfusion images, stress MCE signifi-
cantly improved the diagnostic value and diagnostic accuracy 
for CHD. Furthermore, it is able to more accurately identify 
surviving and dead myocardium and detect myocardial reserve 
function (12‑14).

Myocardial microcirculatory disorders caused by isch-
emia‑reperfusion injury following PCI include reversible and 
irreversible damage. Galiuto et al (15) observed that in 50% of 
patients with perfusion defects who underwent MCE 24 h 
following PCI, self‑healing was evident at follow‑up, while 
the other 50% of patients had persistent perfusion defects. 
Repeated MCE examination prior to reperfusion therapy 
and early after reperfusion therapy was able to simultane-
ously evaluate the effects of myocardial microcirculation and 
interventional therapy (16).

Complete cardiomyocyte function is excitatory, conductive 
and contractile, and good blood perfusion and myocardial 
cell metabolic activity are necessary to maintain its normal 

Figure 2. Left ventricular ejection fraction and pro‑BNP in DSE‑positive 
and DSE‑negative group 6  months following intervention. *P<0.05 vs. 
DSE‑negative group. DSE, dobutamine stress echocardiography; pro‑BNP, 
pro‑B‑type natriuretic peptide.

Table IV. Comparison of microcirculation between 6 months and 72 h after surgery.

	 Normal	 Viable	 Non‑viable
	 myocardium (n=475)	 myocardium (n=171)	 myocardium (n=93)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
Item	 72 h	 6 months	 72 h	 6 months	 72 h	 6 months

A (db)	 8.47±2.03	 8.86±1.57	 6.86±1.82	 9.20±3.37a	 1.87±0.72	 1.78±0.63
β (1/sec)	 1.21±0.43	 1.35±0.56	 0.95±0.33	 1.38±0.82a	 0.43±0.22	 0.44±0.31
A x β (db/sec)	 10.15±3.35	 11.84±2.98	 8.68±2.56	 12.14±3.59a	 1.16±0.64	 0.83±0.20

aP<0.05 vs. 72 h after surgery. Values are expressed as the mean ± standard deviation. MBF, myocardial blood flow. A, peak intensity of the 
time‑perfusion intensity curve, reflecting the myocardial blood volume; β, slope of the time‑perfusion intensity curve, reflecting the MBF 
velocity; A x β, measure of MBF.
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physiological activities  (17,18). It is generally thought that 
necrotic and scarred myocardium is a type of myocardial 
damage, which cannot be reversed. An important character-
istic of viable myocardium is that myocardial dysfunction may 
be reversed (19), that is, the left ventricular function index 
may be significantly improved following revascularization, 
and may benefit patients (20). It is difficult to confirm whether 
the perfusion defect area in the MCE examination after AMI 
is a complete structural injury or only a reversible injury. 
Therefore, a load test is required to further determine whether 
vasoconstriction in the perfusion defect area and abnormal 
dilatation of blood vessels outside the perfusion defect area 
exist.

In the present study, patients receiving PCI within 24 h 
of chest pain were included. It is generally thought that PCI 
should be performed within 24 h of chest pain in order to 
achieve timely rescue of ischemic myocardium. Furthermore, 
the difference in the microcirculation status after the blood 
supply of large vessels was restored. An increase in the values 
of A, β and A x β was observed in normal coronary blood 
supply areas and a decrease in viable myocardium areas was 
identified after low‑dose dobutamine loading.

The possible reason may be attributable to the direct 
expansion of the coronary artery through stimulation of the 
β2 receptor by dobutamine. On the other hand, dobutamine, 
as a positive inotropic drug, may increase myocardial contrac-
tility, thereby increasing the myocardial oxygen demand. The 
increase in metabolites is able to dilate the inner diameter of 
the blood vessels and reduce the resistance through acting on 
the tiny vessels of the coronary arteries and thus increase the 
coronary blood flow (21). The maximum expansion of coro-
nary vessels (coronary flow reserve) depends on the expansion 
ability of tiny blood vessels and the damaged coronary 
microvascular expansion ability is weakened, and coronary 
steal is likely to occur after the load. Therefore, the status 
of microvessels may be indirectly evaluated by detecting the 
coronary flow reserve by using a load test (16). In the present 
study, a decrease of the A, and A x β after dobutamine chal-
lenge was revealed as compared with that in resting MCE. 
This is consistent with the results of Kawamoto et al (22). 
However, in the study by Galiuto et al  (8), no significant 
change in the filling of contrast agent in the perfusion defect 
area under adenosine stress was observed. The reason may 
be the recovery of reversible injury of coronary microcircula-
tion, as the load test was completed 7 days after PCI in the 
study by Galiuto et al (8).

Research into stress MCE is currently limited  (8,23). 
The dose and timing of the drugs and contrast agents used 
in the ultrasound stress test need further standardization. 
Dobutamine has a wide range of clinical applications. Due 
to its long‑term use in clinical practice, its availability and 
side effects can be predicted, especially since low doses are 
considered safe. The safety of dobutamine stress MCE has 
been proved by several studies (24,25). In the present study, no 
adverse effects, including abnormal heart rate, abnormal blood 
pressure, chest tightness, belching and dizziness during MCE, 
were observed.

CSI, as a simple semi‑quantitative index, has been used 
to predict cardiac function 6  months following PCI. The 
present study indicated that patients with a CSI change of >0.2 

following dobutamine loading have higher left ventricular 
ejection fraction and lower pro‑BNP levels. For patients with 
microcirculation dysfunction, cardiologists may consider the 
addition of drugs to improve myocardial microcirculation, e.g. 
nicorandil, or using auxiliary Traditional Chinese Medicine.

The small sample size is one limitation of the present study. 
The major reason is that a high number of patients refuse 
PET examination, as PET is not only a radioactive detection 
method, but also a relatively high‑cost non‑medical insurance 
item in China. However, this suggests, from another perspec-
tive, the necessity to develop a more efficient and cost‑effective 
method for detecting surviving myocardium. Another limita-
tion is that the correlation between myocardial enzymes and 
MCE and DSE was not analyzed. In the present study, the 
cardiac enzyme had been tested only for the diagnosis of AMI 
when patients were admitted to the hospital due to chest pain. 
Once patients were diagnosed with AMI, PCI treatment must 
be performed as soon as possible. However, the timing for 
subsequent consultation of each individual with chest pain is 
not certain, so it is not guaranteed that myocardial enzyme 
was at its peak level. Therefore, the correlation between 
myocardial enzymes and MCE and DSE was not analyzed. 
Furthermore, only patients with single coronary artery disease 
were included in the present study. Further studies should 
involve a wide range regarding the extent or size of myocar-
dial infarction, which may have an impact on the recovery of 
coronary microcirculation.

In conclusion, low‑dose dobutamine stress MCE was indi-
cated to be a safe and effective method to evaluate myocardial 
microcirculation perfusion in patients with acute myocar-
dial infarction after PCI. In addition, CSI, as a simple 
semi‑quantitative index, is able to predict left ventricular 
systolic function in patients with AMI.
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