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Abstract Our aim was to evaluate the safety and effec-

tiveness of extracorporeal cardiac shock wave therapy

(CSWT) for the patients with coronary heart disease (CHD)

using a randomized, double-blind, controlled clinical trial

design. Twenty-five patients with CHD were enrolled in

this study. Fourteen of the patients were randomized into

the CSWT group and 11 into the control group. We applied

the CSWT procedure to each patient by using nine shock

treatments during 3 months, but the shock wave (SW)

energy was only applied to the patients in the CSWT group

and not to the patients in the control group. Technetium-

99m sestamibi myocardial perfusion, fluorine-18 fluorode-

oxyglucose myocardial metabolism single-photon emission

computed tomography (SPECT), and two-dimensional

echocardiography were performed to identify segments of

myocardial ischemia, myocardial viability, and ejection

fraction before and after CSWT. We also followed the

patients to evaluate adverse effects. After CSWT, the New

York Heart Association class, the Canadian Cardiovascular

Society angina scale, nitroglycerin dosage, myocardial

perfusion and myocardial metabolic imaging scores of

dual-isotope SPECT in the CSWT group were reduced

significantly (P = 0.019, 0.027, 0.039, 0.000, 0.001,

respectively), and the Seattle Angina Questionnaire scale,

6-min walking test, and left ventricular ejection fraction

were increased significantly (P = 0.021, 0.024, 0.016,

respectively) compared with those before the SW treat-

ment. All of the parameters in the control group did not

change significantly after the treatment (all P [ 0.05). No

serious adverse effects of CSWT were observed. Cardiac

shock wave therapy is a safe and effective treatment for

CHD patients.

Keywords Coronary heart disease � Myocardial

infarction � Angiogenesis � Cardiac shock wave therapy

Introduction

Coronary heart disease (CHD) is the leading cause of death

in the world [1, 2]. Besides medication, percutaneous

coronary intervention (PCI) and coronary artery bypass

grafting (CABG) have been the major current therapeutic

options for CHD. These therapies have some limitations;

moreover, PCI and CABG cannot be performed in many

patients with severe CHD for technical and economic

reasons, especially in developing countries. The prognosis

for these patients is very poor. The newly developed

technology of cardiac shock wave therapy (CSWT) brings

forth a new option for severe CHD, and has been termed

the third ‘‘sword’’ of CHD treatment. In recent years, a

series of in vitro, animal, and clinical studies showed that

low-energy pulse waves produced by CSWT could induce

a ‘‘cavitation effect’’ (micrometer-sized violent collapse of

bubbles within and outside cells), which could exert a

mechanical shear force on the myocardial tissue and
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vascular endothelial cell membranes [3–11]. The CSWT

was able to promote angiogenesis in ischemic myocardium,

improve myocardial perfusion, and increase capillary

density (about 10 % of energy density that used for uro-

lithiasis) by upregulating vascular endothelial growth fac-

tor (VEGF) and its receptor fms-like tyrosine 1 [5, 6]. This

increases expression of endothelial nitric oxide synthase

(NOS), stromal-derived factor 1 (SDF-1), insulin-like

growth factor (IGF), and interleukin-8 (IL-8) [12–14],

resulting in an increase of left ventricular ejection fraction

(LVEF) and improvement of left ventricular remodeling

[15]. Angina can thus be reduced [7, 10, 16].

To investigate the feasibility, safety, and efficacy of

CSWT. We designed and carried out a randomized and

double-blind controlled study of CSWT. In this study 25

patients with severe CHD were selected who were ran-

domly divided into the CSWT group of 14 patients

receiving CSWT, and the control group of 11 patients who

did not receive the treatment. Myocardial perfusion, myo-

cardial metabolism, symptoms of angina, and cardiac

function between the two groups were investigated.

Patients and methods

Patients

This study was approved by and performed in accordance

with the rules of the ethics committee of our hospital.

Informed written consent was obtained from each patient

prior to enrollment. All 25 patients had suffered prior

myocardial infarction (MI). There were 18 men and 7

women, aged from 47 to 79 years (64.92 ± 8.50 years). All

of the selected patients had been admitted to the cardiology

department of the 1st Affiliated Hospital of Kunming

Medical College, China, from October 2008 to June 2010.

The patients were randomly divided into two groups.

Fourteen patients were in the CSWT group, 10 male and 4

female, aged from 47 to 78 years (63.71 ± 8.60 years) and

11 patients were in the control group, 8 male and 3 female,

aged from 50 to 79 years (66.45 ± 8.51 years). All of the

patients selected in this study had been diagnosed definitely

as having suffered at least one acute myocardial infarction

(AMI) and had not been treated with coronary revascular-

ization (thrombolysis, PCI, or CABG) because of lack of

indication (n = 19), poor economic conditions (n = 4),

technical limitations (n = 1) and religion that does not

accept invasive or surgical procedure (n = 1). Although all

of the patients had received standard medical treatment,

they all still suffered from angina and poor exercise toler-

ance, and had been hospitalized more than two times due to

myocardial ischemia within 1 year. The basic characteris-

tics of the patients are shown in Table 1. The exclusion

criteria of this study included a myocardial infarction within

the past 3 months, cardiac thrombus, chronic obstructive

pulmonary disease (COPD), pulmonary embolism, New

York Heart Association (NYHA) heart function IV, and

malignancy.

Localization of myocardial ischemia and viability

The dual-isotope single-photon emission computed

tomography (SPECT) of technetium-99m sestamibi

(99mTc-MIBI) myocardial perfusion and fluorine-18-fluor-

odeoxyglucose (18F-FDG) myocardial metabolism were

performed in all of the selected patients (Discovery VH

Millennium; General Electric, Fairfield, CT, USA) to

identify areas of myocardial ischemia and viability.

According to the standard recommended by the American

Heart Association (AHA), the left ventricle was divided

into 17 segments to analyze the myocardial perfusion and

metabolism [17], and then to evaluate the myocardial

viability. The images were read blindly by two doctors in

Table 1 Basic information of patients

Basic information CSWT group

(n = 14)

Control group

(n = 11)

P value

Age (years) 63.71 ± 8.60 66.45 ± 8.51 0.435

Male/female, n (%) 10 (71.4)/4

(28.6)

8 (72.7)/3

(27.3)

0.943

Time since last MI

(years)

4.8 (2.9, 6.1)a 5.0 (3.5, 7.5)a 0.501

History of smoking,

n (%)

7 (50.0) 6 (54.5) 1.000

BMI (Kg/m2) 23.44 ± 1.52 22.94 ± 1.92 0.475

Hypertension, n (%) 8 (57.1) 5 (45.5) 0.700

Diabetes, n (%) 6 (42.9) 5 (45.5) 1.000

Hypercholesterolemia,

n (%)

9 (64.3) 7 (63.6) 1.000

NYHA, n (%) 0.856

Class I 5 (35.7) 5 (45.5)

Class II 7 (50.0) 5 (45.5)

Class III 2 (14.3) 1 (9.0)

ACEI/ARB, n (%) 9 (64.3) 8 (72.7) 1.000

ASP, n (%) 10 (71.4) 7 (63.6) 1.000

Beta-blocker, n (%) 9 (64.3) 7 (63.6) 1.000

CCB, n (%) 7 (63.6) 5 (45.5) 1.000

Statins, n (%) 9 (64.3) 9 (81.8) 0.407

Diuretic, n (%) 5 (35.7) 4 (36.4) 1.000

Nitroglycerin, n (%) 9 (64.3) 6 (54.5) 0.697

MI myocardial infarction, BMI body mass index, NYHA New York

Heart Association, ACEI angiotensin-converting enzyme inhibitors,

ARB angiotensin II receptor blocker, ASP aspirin, CCB calcium-

channel blocker
a Data presented as the median (interquartile range)

P \ 0.05 indicates statistical significance
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the Nuclear Medicine Department. Isotope uptake of

myocardial perfusion and metabolism were evaluated by

semiquantitative score index [18]: 1, normal; 2, sparse; 3,

seriously sparse; 4, defect. Myocardial viability was eval-

uated by SPECT. The myocardium would be identified as

viable with the criteria: for 99mTc-MIBI and 18F-FDG

uptake score B2, or 99mTc-MIBI uptake score increase C1

compared with 18F-FDG (myocardial perfusion seriously

sparse or defect, but myocardial metabolism well, which

means the perfusion and metabolism are mismatched). All

radioactive scores of perfusion and metabolism imaging of

17 myocardial segments were added to obtain the total

scores of perfusion and metabolic imaging of each patient,

which reflected the level of myocardial perfusion and

metabolism.

Cardiac shock wave therapy procedure

The CSWT was performed for all patients with a CSWT

device (Modulith SLC; Storz Medical, Taegerwilen,

Switzerland), which was installed with a real-time ultra-

sound probe (Fig. 1). In the CSWT procedure, the patients

were resting quietly in the supine position. Electrocardio-

graphic data, blood pressure, respiration, and blood oxygen

saturation were monitored continuously. The target myo-

cardial regions (ischemic area with some viable segments

identified by SPECT) were located by the ultrasound probe.

The shock wave (SW) was applied in an R-wave-triggered

manner to avoid inducing ventricular arrhythmias. The SW

energy was applied and gradually increased in the patients

of the CSWT group. The maximum SW energy was 0.09

mJ/mm2. Patients in the control group were also placed in

the supine position but no SW energy was applied. Each

ischemic target region was treated at nine points, 200

shocks/spot, three times a week, during the first week of

each month on the first, third, and fifth day serially. In the

course of 3 months, nine CSWT procedures were per-

formed in all of the patients [6, 7, 17]. The patients in the

CSWT group were treated with SW energy, but the patients

in the control group were treated without SW energy.

During the treatment, the patients were closely monitored

for adverse effects.

Echocardiography evaluation

The echocardiographic tests were performed on all of the

patients before and 1 month after CSWT treatment using a

ViViD7 (General Electric) with 2.5-MHz probe frequency.

The modified biplane Simpson method was used to mea-

sure the LVEF, using the two-dimensional long-axis view

of the left ventricle.

Clinical assessment parameters

The effect of CSWT was assessed by the NYHA class,

Canadian Cardiovascular Society (CCS) angina scale,

Seattle Angina Questionnaire (SAQ) scale, 6-min walking

test (6MWT), nitroglycerin dosage, rehospitalization rate,

and mortality.

Analysis of cardiac enzymes

The serum concentrations of creatine kinase (CK), MB

isoenzyme of creatine kinase (CK-MB), and cardiac tro-

ponin I (CTNI) were measured by the chemiluminescence

immunoassay (Advia Centaur CP; Siemens, Munich,

Germany) before and the day after CSWT.

Clinical follow-up

All of the patients were followed for 6 months after the last

CSWT treatment by outpatient review, hospitalization

review, and phone tracking. During the follow-up, if the

condition of the patients was confirmed not to have

improved or to have deteriorated, standard therapy was

applied.

Statistical analysis

Continuous variables are expressed as mean ± SD and

categorical variables are expressed as percentages. Non-

parametric variables are expressed as the median (inter-

quartile range). The comparison between groups was done

by t and v2 tests. The pretreatment and post-treatment

values were compared by paired t test or Wilcoxon signed-

rank test. Statistical analyses were performed with SPSS

15.0 (SPSS, Chicago, IL, USA), All statistical tests were

Fig. 1 Dr Wang, the operator of cardiac shock wave therapy

(CSWT) in our research team, prepares to apply the shock wave (SW)

treatment to the patient with end-stage coronary heart disease
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two sided, and a P value of less than 0.05 was considered to

be statistically significant.

Results

Comparison of characteristics of the two groups

The mean age, gender, time since last MI, body mass index

(BMI), history of smoking, hypertension, diabetes, hyper-

cholesterolemia, and medication use for CHD in the two

groups were not significantly different (Table 1). All of the

patients had completed the nine treatments of CSWT and

were followed successfully. Prior to the treatment, one

patient in the CSWT group had sinus bradycardia (average

heart rate = 42 beats/min and with sinus arrest for the

longest P–P interval of 3.2 s). After six treatments of

CSWT the sinus arrest disappeared and sinus bradycardia

improved (mean heart rate 57 beats/min). No sinus arrest

was observed during follow-up. Occasional premature

ventricular contractions were observed in one patient in the

CSWT group when the CSWT treatment started. As the

CSWT treatment progressed, the premature contractions

gradually disappeared. Mild chest pain appeared in two

patients when the SW energy was increased during CSWT,

and the chest pain was relieved when the SW energy was

decreased. There was no increase in angina during the

treatment or follow-up. No heart failure, hemorrhage,

embolism, malignant arrhythmia (ventricular tachycardia/

fibrillation), skin ulceration, or other complications were

observed. The monitoring showed that the CSWT had no

significant effect on blood pressure, heart rate, and arterial

blood oxygen saturation.

Comparison of mortality and rehospitalization rate

During the follow-up (average = 8.40 ± 1.84 months), no

patient died in the control group, and one patient in the

CSWT group died secondary to ventricular fibrillation and

hypokalemia. This patient had acute severe diarrhea prior

to death. Seven patients were hospitalized for frequent

angina: five in the control group and two in the CSWT

group. The mortality and rehospitalization rates of the two

groups were not different significantly (P = 0.177, 1.000,

respectively).

Comparison of clinical parameters

Prior to the SW treatment, there were no significant group

differences in any of the clinical variables (NYHA class,

CCS angina, SAQ scale, 6MWT, nitroglycerine dosage, all

P[0.05, Table 2). In the first month after nine treatments

with the CSWT, NYHA class, CCS angina scale, and

nitroglycerin dosage in the CSWT group were decreased

significantly (P = 0.019, 0.027, 0.039, respectively), and

the SAQ scale and 6MWT were increased significantly

(P = 0.021, 0.024, respectively) compared with pre-CSWT

treatment. There was no significant change in any of these

parameters in the control group (all P [ 0.05). Compared

with the control group, all the clinical parameters in the

CSWT group improved significantly following the SW

treatment (all P \ 0.05, Table 2).

Comparison of cardiac enzymes

Serum CK (IU/l), CK-MB (IU/l), and CTNI (ng/ml) were

not significantly different before and after treatment in the

Table 2 Comparison of clinical parameters before (pre) and after (post) CSWT in two groups

Group NYHA class CCS angina scale SAQ scale 6MWT, m NITRO/dosage, times/week

CSWT group

Pre 2.0 (1.0, 2.0) 2.0 (1.0, 3.0) 73.5 (60.5, 81.0) 383.0 (300.0, 421.5) 2.0 (0.0, 3.0)

Post 1.0 (1.0, 1.0)b 1.0 (1.0, 2.0)b 82.0 (74.5, 88.0)b 438.0 (386.0, 484.0)b 1.0 (0.0, 2.0)b

P value 0.019a 0.027a 0.021a 0.024a 0.039a

Control group

Pre 1.0 (1.0, 2.0) 2.0 (1.0, 3.0) 73.0 (63.0, 80.0) 368.0 (315.0, 408.0) 2.0 (1.0, 3.0)

Post 2.0 (1.0, 2.0) 2.0 (1.0, 2.0) 78.0 (69.0, 85.0) 350.0 (328.0, 412.0) 2.0 (0.0, 2.0)

P value 0.519 0.652 0.401 0.898 0.332

Values are expressed as the median (interquartile range). Wilcoxon rank sum test was used to make the comparison between the CSWT group

and control group. The pretreatment and post-treatment values were compared by Wilcoxon signed-rank test

NYHA New York Heart Association, CCS Canadian Cardiovascular Society, SAQ Seattle Angina Questionnaire, 6MWT 6-min walking test,

NITRO nitroglycerin
a P \ 0.05 indicates statistical significance
b The comparison of the above parameters after the treatment between the CSWT group and control group, P \ 0.05
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CSWT group (75.93 ± 17.85 vs 74.43 ± 16.39, P = 0.819;

8.36 ± 3.48 vs 8.51 ± 3.24, P = 0.906; 0.06 ± 0.03 vs 0.07

± 0.02, P = 0.440) or in the control group (80.81 ± 14.21

vs 78.53 ± 13.03, P = 0.699; 8.67 ± 2.74 vs 8.83 ± 3.17,

P = 0.904; 0.05 ± 0.03 vs 0.06 ± 0.03, P = 0.413).

Comparison of echocardiography

Prior to the SW treatment, there were no significant dif-

ferences in left ventricular end-diastolic dimension

(LVEDD) (mm) and LVEF (%) between the CSWT group

and control group (both P [ 0.05). Both LVEDD and

LVEF in the CSWT group were improved significantly

after the SW treatment compared with the control group

(both P\0.05). After treatment, there was a nonsignificant

decrease in LVEDD (P = 0.399) and a significant increase

in LVEF (P = 0.016) in the CSWT group compared with

pretreatment. In the control group there was no significant

change for LVEDD and LVEF before and after the SW

treatment (both P [ 0.05, Table 3).

Comparison of dual-isotope SPECT test results

of the two groups

Dual-isotope myocardial SPECT tests were performed in

all 25 patients before and in the first month after the SW

treatment. The tests showed that before the SW treatment,

14 patients in the CSWT group had 73 of 238 segments

with metabolic disorders (30.7 %) and 95 with ischemia

(40.0 %). Sixty-four of the 95 ischemic segments had

viable myocardium (67.4 %). Eleven patients in the control

group had 64 of 187 myocardial segments with metabolic

disorders (34.2 %) and 79 with ischemia (42.2 %). Fifty-

five of 79 ischemic segments had viable myocardium

(69.6 %). One month after treatment, there were 47 met-

abolic disorder segments (19.7 %) and 66 ischemic seg-

ments (27.7 %) in the CSWT group. Fifty-six of the 66

ischemic segments had viable myocardium (84.8 %) (Fig.

2). In the control group, there were 69 metabolic disorders

segments (36.9 %) and 85 ischemic segments (45.5 %).

Fifty-five of the 85 ischemic segments had viable myo-

cardium (64.7 %). Before treatment, there was no signifi-

cant difference for the myocardial perfusion and metabolic

imaging scores between the CSWT group and the control

group (both P [ 0.05). Both radioactive scores in the

CSWT group were reduced significantly after the SW

treatment compared with the control group (both P\0.05,

Table 4). Compared with scores prior to treatment, the

post-treatment myocardial perfusion and metabolic imag-

ing scores of the patients in the CSWT group were

decreased significantly (P = 0.000, 0.001, respectively).

These scores were not changed significantly after treatment

in the control group (both P [ 0.05, Table 4).

Discussion

Our research started tests on the CSWT device in 2008. We

have since evaluated this method in vitro, in animal

experiments, and in initial clinical studies. All of this

research has supported the effectiveness of CSWT [10, 19–

21]. Cai et al. confirmed that CSWT could be helpful to the

mobilization of endothelial progenitor cells and increase

the expression of VEGF and its receptors [20]; Tao et al.

[21] found that in porcine AMI, the SW treatment could

promote angiogenesis and benefit ventricular remodeling.

Wang and other experts did research on CHD patients,

which showed CSWT could relieve angina, improve heart

function, and increase exercise tolerance [10, 19]. On the

basis of the preliminary studies, we attempted this pro-

spective, double-blind controlled clinical experiment to

investigate the effectiveness and safety of CWST in CHD

patients having suffered a prior MI. To obtain objective

data, we used echocardiography and dual-isotope myo-

cardial SPECT before and after treatment in an CSWT and

a control group. The treatment of SW was simple and

noninvasive, without surgery, anesthesia, or even catheter

intervention. During and after the SW treatment, the car-

diac enzyme was not changed significantly and no proce-

dural complications or adverse effects were observed in the

CSWT group. This suggests that the SW treatment cannot

cause any myocardial injury, and that it is safe and can be

used repeatedly in CHD management.

A number of studies have confirmed that it is highly

specific and sensitive to detect the viable myocardium for

Table 3 Comparison of echocardiography before and after CSWT in

two groups

Group LVEDD (mm) LVEF (%)

CSWT group

Before treatment 52.64 ± 4.96 51.36 ± 4.27

After treatment 51.21 ± 3.79b 56.42 ± 4.61b

P value 0.399 0.016a

Control group

Before treatment 54.82 ± 4.51 50.18 ± 4.55

After treatment 56.00 ± 3.85 48.60 ± 4.48

P value 0.516 0.625

Values are expressed as the mean ± SD. t Test was used to make the

comparison between the CSWT group and control group. The pre-

treatment and post-treatment values were compared using paired t test

LVEDD left ventricular end diastolic dimension, LVEF left ventric-

ular ejection fraction
a P \ 0.05 indicates statistical significance
b Comparison of post-treatment values of LVEDD and LVEF

between the CSWT group and control group, P \ 0.05
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the patients with MI using 99mTc-MIBI and 18F-FDG

myocardial SPECT imaging [22, 23]. 99mTc-MIBI and
18F-FDG myocardial SPECT reflects myocardial perfusion

and metabolism, respectively. When 99mTc-MIBI imaging

shows reduction in perfused segments of blood flow,

while the 18F-FDG imaging shows the corresponding

segments have normal or relatively increased FDG uptake

(perfusion and metabolism are mismatched), this indicates

that the myocardium is ischemic but viable. On the

contrary, in the segments with irreversible injury, both the

blood flow perfusion and myocardial glucose utilization

(FDG uptake reduced) are reduced simultaneously (per-

fusion and metabolism are matched). This indicates that

there is no survival of myocardial cells, but myocardial

scarring and necrosis. In this study, the semiquantitative

evaluation of myocardial perfusion and metabolism based

on 99mTc-MIBI and 18F-FDG dual-isotope SPECT imag-

ing was used in all of the patients. We used the ischemic

myocardial segments with some viability as the target

area for the SW treatment in order to obtain the maximal

efficacy of CSWT. Comparing the total score of myo-

cardial perfusion and metabolism imaging of the patients

before and after the SW treatment, we were able to assess

the effect of CSWT objectively. The results of our study

showed that both the myocardial perfusion and myocar-

dial metabolism could be improved significantly by

CSWT.

Fig. 2 Images of the dual-isotope SPECT of 99mTc-MIBI myocardial

perfusion and 18F-FDG myocardial metabolism. Before CSWT (a),

the image shows a matched abnormal myocardial perfusion and

myocardial metabolism in the left apex, inferior wall, and posterior

wall (both myocardial perfusion and myocardial metabolism scores

are 4), suggesting there is no myocardial cell survival. In the lateral

wall, the myocardial perfusion and metabolism are mismatched

(myocardial perfusion score is 3 but myocardial metabolism score is

2), meaning that in the area with myocardial necrosis there is still

some viable myocardium. The myocardial perfusion in the anterior

wall and septum is normal. After CSWT (b), the image shows that the

uptake of 99mTc-MIBI and 18F-FDG in left apex and posterior-lateral

wall, which indicates both of the myocardial perfusion and metab-

olism in that location, have been improved by the SW treatment.

There is an obvious uptake of 99mTc-MIBI in the inferior wall

compared with the last test, but the 18F-FDG uptake is not present.

This is favorable in that the myocardial perfusion is improved, so that

the myocardial cell could use fat mainly in the metabolism but not

FDG, therefore both myocardial perfusion and metabolism may be

improved by CSWT

Table 4 Comparison of myocardial perfusion and metabolism

before and after CSWT in the two groups

Group Cases Total score

of perfusion

imaging

Total score

of metabolism

imaging

CSWT group

Before treatment 14 28.50 ± 2.79 25.00 ± 2.77

After treatment 23.07 ± 1.64b 21.36 ± 2.02b

P value 0.000a 0.001a

Control group

Before treatment 11 29.18 ± 3.37 26.55 ± 2.91

After treatment 30.82 ± 2.79 28.18 ± 2.75

P value 0.229 0.190

Values are expressed as the mean ± SD. t Test was used to make the

comparison between the CSWT group and control group. The pre-

treatment and post-treatment values were compared by paired t test
a P \ 0.05 indicates statistical significance
b Comparison of post-treatment values of total score of perfusion

imaging and metabolism imaging between the CSWT group and

control group, P \ 0.05
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During the 8-month follow-up period, mortality and

rehospitalization rates of the two groups were not different.

This may have been due to the small sample size and the

relatively short period of follow-up. The results of our

study showed that after the SW treatment, angina symp-

toms of the patients who had been treated with the SW

were alleviated compared with the patients in the control

group, who had not been treated with the SW. Moreover,

both cardiac function and exercise tolerance of the patients

treated by the real SW were improved significantly. These

results are consistent with those of the double-blind study

of CSWT reported by Japanese experts [16]. During fol-

low-up, no significant change of the LVEDD was observed

after the SW treatment in the CSWT group. The lack of

significant reduction in LVEDD may also be related to the

small sample size and short duration of follow-up, or to the

long history of OMI (averaged duration of MI for 5.0

years), so that the ventricular remodeling might have been

irreversible. The LVEF of the patients was improved sig-

nificantly after the SW treatment but was not changed

significantly in the control patients, which suggests that the

SW treatment improves perfusion and metabolism of

ischemic myocardium, so that myocardial contractive

function can also be improved significantly.

Conclusion

This double-blind controlled clinical trial shows that

CSWT is a noninvasive, safe, and effective treatment for

CHD patients. After SW treatment, the clinical condition,

perfusion, and metabolism of the ischemic myocardium

and myocardial contractive function of the CHD patients

were improved significantly and no complications from the

CSWT procedure were observed. Although there are some

limitations in this study, such as a small sample size and a

relatively short follow-up period, the results are encour-

aging and suggestive that longer and larger studies are

needed.
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