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Cardiac shock-wave therapy in the 
treatment of refractive angina pectoris

  review

As a result of the improvements in both pharma-
cologic and revascularization therapies life expec-
tancy for patients with coronary artery disease 
(CAD) has greatly increased. This means that 
patients with more extensive CAD are now living 
longer, so many of them will develop myocardial 
ischemia and clinical angina that are not amenable 
to traditional revascularization therapy [1–4].

Patients with severe, symptomatic, chronic 
CAD have been described as having intractable 
angina, end-stage CAD or have been called ‘no 
option’ patients. However, despite being con-
sidered a therapy-resistant condition, refractory 
angina is a more appropriate term because a con-
siderable number of new therapeutic methods 
are now available. The Canadian Cardiovascular 
Society (CCS) has recently defined refractory 
angina as a persistent (more than 3 months), 
painful condition, characterized by chest pain 
caused by coronary insufficiency in the pres-
ence of CAD, which cannot be controlled by 
a combination of medical therapy, angioplasty 
and coronary bypass surgery [5]. It is necessary to 
ensure that revascularization is unfeasible, medi-
cal therapy is optimal and that other causes of 
chest pain are excluded before establishing the 
diagnosis of refractory angina [5,6]. 

Currently, few data are available on the num-
ber of nonrevascularizable patients. Estimates 
have been obtained from both population sur-
veys and catheterization laboratory registries. 
A Swedish survey in 1994–1995 demonstrated 
that approximately 10% of patients referred for 
coronary angiography because of stable angina 

were rejected for revascularization despite having 
severe symptoms [7]. In the late 1990s, a single 
tertiary referral center series reported that 12% of 
the patients referred for symptomatic CAD were 
not amenable to percutaneous coronary interven-
tion or coronary artery bypass graft [8]. A more 
recent study conducted in Minnesota (MN, USA) 
found 6.7% of patients with coronary lesions 
>70% and no revascularization options despite 
optimal medical therapy [9]. In absolute num-
bers it would represent more than 100,000 new 
patients/year in the USA and 30,000–50,000 
new patients/year in Europe who will probably 
fulfil the diagnosis of refractory angina [1,2,6].

The outcome of these patients continues 
to be controversial. The controlled trials with 
alternative therapies conducted in patients with 
refractory angina demonstrated (in their control 
arms) that annual mortality rates varied from 3 
to 21%, whereas coronary event rates (includ-
ing acute coronary syndromes and hospitaliza-
tion for angina) varied from 11 to 69% [10–18]. 
In contrast to these trials, in a large series of 
1066 patients with refractory angina followed 
for a median of 3.5 years only 126 patients died 
(11.8%), and only 58 of these deaths were from 
cardiovascular causes (5.4%) [19]. Data from 
200 patients treated at our institution confirm 
this low rate (2% cardiac mortality per year) 
[20], and the recent study mentioned above also 
found a low mortality (15% at 3 years), although 
this was significantly higher than the mortality 
in patients completely revascularized (6.6% at 
3 years) [9]. 

An increasing number of patients are being diagnosed with severe coronary artery disease not amenable 
to traditional revascularization. Most of them remain symptomatic despite optimal medical therapy, so 
the resulting qualiy of life is poor. Thus, there is a need for the development of novel therapies. Shock 
waves (SWs) have been used in medicine for 30 years, but the recent discovery of their potential angiogenic 
effect has led to their most promising application in cardiovascular medicine. Cardiac SW therapy delivered 
to ischemic myocardium has been demonstrated to reduce angina symptoms and to improve myocardial 
perfusion. And although there is a lack of large series and long-term follow-up, cardiac SW therapy is by 
now a safe, well-tolerated procedure with no significant side effects.
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Since it has emerged that the mortality of 
patients with refractory angina patients is less 
than was considered previously, it may be specu-
lated that the primary target of the incoming 
therapies for this growing population should 
focus on relieving chest pain and improving 
quality of life, which is significantly impaired 
compared with revascularized patients [21], and 
not necessarily the reduction of cardiovascular 
events and/or ischemia. It must also be noted 
that costs attributable to cardiovascular hospital-
izations, outpatient visits, procedures, and medi-
cations are very high in these patients [22,23], so 
new treatments are required to help to reduce 
the high economic burden of refractory angina.

Current treatment possibilities in 
refractory angina
It should be stated that it is of the utmost impor-
tance that all patients who are considered for 
these therapeutic measures are first subjected 
to careful optimization of medical treatment 
(including novel drugs with new antianginal 
mechanism such as ivabradine [24–26] and rano-
lazine [27–29]), optimum cardiac rehabilitation 
and evaluation concerning psychosocial pain 
determinants. Secondary causes of angina, such 
as anemia, poorly controlled hypertension, thy-
roid dysfunction or arrhythmias, should also be 
identified and treated accordingly.

When evaluating new methods of treatment 
for refractory angina, one should consider the 
following points: clinical efficacy, scientific 
documentation, feasibility (i.e., accessibility, 
costs, need of compliance and follow-up) and 
adverse reactions. As demonstrated previously, 
given the likely low mortality of these patients, 
any novel approach should always have low 
complication rates.

�� Enhanced external counterpulsation
Enhanced external counterpulsation (EECP) 
produces externally what an intra-aortic balloon 
pump does internally. Three pairs of pneumatic 
blood pressures cuffs are placed on the calves, 
lower and upper thighs. An electrocardiographic 
trigger is used to sequentially inflate the cuffs, 
starting at the calves, during onset of diastole 
and rapidly deflate before systole. This systematic 
diastolic pressure augmentation is presumed to 
increase coronary perfusion pressure and venous 
return, and to decrease ventricular afterload [30]. 
EECP reduces symptoms of angina and nitrate 
use, improves exercise tolerance and enhances 
quality of life of the patients with refractory 
angina; most of these effects are sustained for at 

least 3 years [31–35]. Side effects are minimal and 
include leg pain and bruising. Few contraindica-
tions exist, but significant aortic regurgitation, 
aortic aneurysm and arrhythmias that may inter-
fere with triggering of the EECP system should 
be ruled our before starting therapy. The use 
of EECP is limited by the need for 35 days to 
complete the treatment [30].

�� Neuromodulation
Spinal cord stimulation (SCS) is a recognized 
valid therapeutic option in Europe for the 
treatment of refractory angina [6]. The device 
has an epidural lead inserted at C7–T1 level, 
a subcutaneous wire and a pulse generator 
implanted in the left lower abdominal area. 
The therapy is self-administered; the patient 
receives stimulation for 1 h, three times daily, 
and can activate the device whenever angina is 
felt. Fewer angina attacks, reduced nitrate con-
sumption, and improved CCS class and quality 
of life have been described with its use [18,36–
39]. The main complications include infections 
(1%) and lead migration or fracture (7.8%) 
[39]. Pain due to acute coronary syndromes 
has not been demonstrated to be blocked in 
the studies and it is probable that with SCS it 
continues to cause typical symptoms despite 
stimulation; however, special care is required 
with pacemakers and implantable defibrilla-
tors as SCS could interfere with some of their 
functions [40–43].

�� Cell therapy
Stem cell therapy is currently being investigated 
as a new therapeutic option for patients with 
chronic ischemia who are ineligible for revas-
cularization. In a small randomized placebo-
controlled study, myocardial injection has 
been demonstrated to be safe and to be associ-
ated with a modest but statistically significant 
improvement in myocardial perfusion, left ven-
tricular ejection fraction (LVEF), exercise capac-
ity and CCS class [44]. This technique is still in 
the experimental stages, and further studies are 
required to assess long-term results and efficacy 
for reducing morbidity and mortality.

�� Other therapies
In contrast with EECP, SCS and stem cell ther-
apy, disappointing results were obtained with 
gene therapy, percutaneous and transmyocardial 
laser revascularization. Opposite to their prom-
ising results in small trials, larger randomized 
studies demonstrated no associated benefit with 
their use [11,15,45–47]. One of the potential failings 
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of these therapies may be due to their invasive 
approach and the potential higher risk–benefit 
ratio; for example, in one trial, a significantly 
higher 30‑day myocardial infarction incidence 
was observed in patients receiving percutane-
ous myocardial laser revascularization compared 
with patients in the placebo group [11], and pro-
cedure-related deaths have even been reported 
in some studies [13,15]. 

Cardiac shock-wave therapy
�� History of shock-wave therapy

High-energy extracorporeal shock-wave ther-
apy (ESWT) was introduced for medical use 
30 years ago as a treatment for ureteral stones 
[48]. ESWT has changed the treatment of uro-
lithiasis, and even today remains the primary 
treatment for most uncomplicated upper urinary 
tract calculi [49]. ESWT has also been therapeu-
tically applied in bile ductus [50], pancreatic [51] 
and salivary stones [52]. 

The ‘destroyer-use’ of high-energy shock 
waves (SWs) is different from the more recent 
‘regenerative-use’ of low-energy SWs. Based 
on the incidental finding of iliac bone thick-
ening in patients undergoing lithotripsy [53], 
low-energy ESWT has been developed as a 
treatment standard or alternative therapy for a 
variety of orthopadic and soft tissue diseases, 
in several kinds of chronic tendinopathies and 
muscular pathologies [54–56]. The observed 
immediate increase in blood flow due to local 
vasodilation and the formation of new capil-
laries in the treated tissue [57–59] has led to its 
more promising application in cardiovascular 
medicine as a possible therapy for patients with 
refractory angina. 

�� Generation of SWs in cardiac 
SW therapy
Shock waves consist of acoustic energy that 
can be transmitted in a liquid medium and 
focused with precision of several millimeters 
to any intended treatment area inside the body. 
The energy density describes the maximum 
amount of acoustical energy that is transmitted 
per pulse, and varies among different uses of 
SWs, from 0.09 mJ/mm2 in cardiology [60] up 
to 0.9–1.8 mJ/mm2 in lithotripsy [61]. 

Shock waves can be artificially generated by 
discharge of a high-voltage spark under water. 
Cardiac SW therapy (CSWT) is performed 
using a SW generator system designed to 
address the clinical anatomical requirements of 
the chest cavity. A cardiac ultrasound imaging 
system is used to locate the treatment area with 

documented ischemia. SWs are then delivered 
via a special applicator through the anatomical 
acoustic window to the treatment area under 
electrocardiographic R-wave gating. Several 
treatment sessions are required. At each session, 
SWs are delivered to the border of the ischemic 
area, to potentially induce neovascularization 
from the healthy area to the ischemic area. For 
optimal therapy, the treatment zones are divided 
into target spots corresponding to the size of 
the focal zone of the SW applicator (Figure 1). 
At least two CSWT generators are available 
today: MODULITH® SLC (Storz Medical 
AG, Taegerwilen, Switzerland) and Cardiospec 
(Medispec, Germantown, MD, USA).

�� Cardiac SW therapy results
Nishida et al. published the first study to exam-
ine the effects of CSWT that could induce 
angiogenesis in the heart [60]. Initially, they 
treated human umbilical vein endothelial 
cells with SW at different energy levels, and 
found that CSWT significantly upregulated 
mRNA expression of VEGF and its receptor 
Flt-1, with a maximum effect noted at 0.09 mJ/
mm2. Subsequently, they performed an experi-
ment in a porcine model of chronic myocardial 
ischemia without causing myocardial infarc-
tion. On the basis of the in vitro experiment, 
they applied a low-energy SW (0.09 mJ/mm2) 
to nine spots in the ischemic region (200 shots/
spot). Patients treated with CSWT three-
times per week were compared with the con-
trol group, who received the same anesthesia 
procedures three times a week but without the 
CSWT. A total of 4 weeks after the CSWT, 
patients who received SW therapy, but not 
the control group, had a marked development 
of coronary collateral vessels in the ischemic 
region and a significantly increased number of 
visible coronary arteries in the region and this 
was associated with a complete and significant 
recovery of the ejection fraction only in the 
SW group. The CSWT also significantly nor-
malized the regional myocardial blood flow, 
increased capillary density and upregulated 
VEGF expression in the ischemic myocardium 
in vivo (Figure 2). Owing to the promising results 
in animal studies, Fukumoto et al. started a 
small, non-placebo-controlled clinical trial of 
CSWT in nine patients with refractory angina 
[62]. A CSWT consisting of 200 shots/spot 
at 0.09 mJ/mm2 for 20–40 spots each time, 
three times a week/series, was applied over 
the ischemic area, confirmed by dipyridamole 
stress thallium scintigraphy, and repeated up to 



Interv. Cardiol. (2011) 3(2)194 future science group

review    Ruiz-Garcia & Lerman

three series at 0 and 1, 3 or 6 months depending 
on the results of their evaluation. A significant 
relief of the symptoms, as evaluated by CCS 
class score and the use of nitroglycerin (NTG), 
was confirmed after the CSWT. In addition, 
a clear improvement in myocardial perfusion, 
evaluated by dipyridamole stress thallium scin-
tigraphy, was observed in the ischemic myo-
cardium, but only where SW were applied. It 
should be noted that the anti-ischemic effects 
of CSWT started at 3 months after the therapy 
and persisted for at least 12 months (end of the 
follow-up period). 

Khattab et al. in Germany shared their initial 
experience with CSWT applied in ten patients 
with refractory angina 1 year later [63]. All ten 
patients had evidence of myocardial ischemia 
on exercise Tc99 SPECT perfusion scan. They 
were subjected to nine sessions (three cycles, 
with the same energy and amount of shocks 
described previously [60]) over 3 months. A sig-
nificant reduction in symptoms (CCS class at 
baseline was 3.3 ± 0.5 and at follow-up was 
1.0 ± 1.3) and myocardial perfusion improve-
ment was reported. Myocardial perfusion 
improved again only in the ischemic areas 
treated with CSWT.

Recently, the same group from Japan has 
published a small, unique double-blind pla-
cebo-controlled trial in eight patients with 
refractory angina [64]. Patients were treated 

with one series of placebo and CSWT in a 
double-bind and crossover manner with an 
interval of 3 months. One series of CSWT (200 
shoots/spot at 0.09 mJ/mm2 for 40–60 spots 
per session) comprised three sessions per week. 
Follow-up was limited to 3 months. CSWT, 
but not placebo, significantly improved symp-
toms, NTG use and 6-min walking distance. 
Furthermore, the LVEF and left ventricular 
stroke volume, evaluated by MRI, improved 
significantly only after CSWT. 

Currently, to the best of our knowledge, there 
are few other published data about the applica-
tion of CSWT in patients with refractory angina. 
There are some isolated cases reported in jour-
nals [65] and small cohorts of patients presented 
at congresses [66–73]. It should be mentioned 
that in all of these studies, a positive effect of 
CSWT in clinical symptoms was shown and an 
improvement in myocardial perfusion – assessed 
by PET or SPECT – was demonstrated. 

These clinical results are supported by ani-
mal experiments conducted in pigs in a model 
of acute phase of acute myocardial infarction 
(AMI). A significant recovery of LVEF and 
reduction in left ventricular end-diastolic vol-
ume was described at 4 weeks after the CSWT 
in the SW group compared with the control 
group. In addition, regional myocardial blood 
flow and the number of capillaries in the bor-
der zone of the infarction were significantly 

Figure 1. Extracorporeal cardiac shock-wave therapy. (A) The patient under 
electrocardiographic monitoring (B) receives, in the ischemic zones localized with ultrasound 
guidance, the shock waves produced by the generator that is attached to the chest wall. (C) At each 
session, cardiac shock-wave therapy is applied to the border of the ischemic area to potentially induce 
neovascularization from the healthy region to the ischemic area.

Shock-wave
generator

Echo guidance
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Figure 2. Shock-wave effects. SW treatment increased the mRNA expression of VEGF and its receptor Flt-1 in human umbilical vein 
endothelial cells, with a maximum effect at 0.09 mJ/mm2. (A) Normalization of the LVEF was only observed in the group of pigs treated 
with the SW therapy (B). The regional myocardial blood flow evaluated with colored microspheres in both the endocardium and the 
epicardium also improved significantly in the SW group (C). 
LVEF: Left ventricular ejection fraction; RMBF: Regional myocardial blood flow; SW: Shock wave. 
Reproduced with permission from [60]. 
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improved in the SW group. These beneficial 
effects were only observed when the CSWT 
was started 3 days after AMI, but not if started 
4 weeks later [74]. Similar results were recently 
obtained in pigs subjected to 90-min isch-
emia and reperfusion [75]. In a different rodent 
model, direct epicardial SWs applied 4 weeks 
after AMI induced significant angiogenesis and 
improved ventricular function compared with 
the control group [76]. 

Taking into account these previous experi-
mental studies, Vasyuk et al. have recently con-
ducted a first study in patients with ischemic 
heart failure due to documented myocardial 
infarction (at least 6 months before inclusion) 

[77]. A total of 24 stable patients with systolic 
dysfunction (LVEF <40%) and no planned 
revascularization received CSWT (nine ses-
sions with 100 shocks per spot per session at 
0.09  mJ/mm2 energy level in hibernated or 
ischemic segments detected by dobutamine 
stress echocardiography) and were followed 
for 6 months. CSWT significantly decreased 
New York Heart Association class, CCS class 
and NTG use per week. Similarly, an improve-
ment in 6-min walk test and quality of life was 
reported. The authors also found a significant 
increase in LVEF and in perfusion scores after the 
CSWT. The available human data are summarized 
in Table 1.

Table 1. Available human cardiac shock-wave therapy studies. 

Study 
(year)

Patients 
(n)

Placebo-
controlled

Effects Follow-up 
(months)

Side effects Ref.

Fukumoto 
et al. (2006)

9 No ↓ CCS class
↓ NTG use
↑ Perfusion (SPECT)

12 None [62]

Khattab 
et al. (2007)

10 No ↓ CCS class
↑ Perfusion (SPECT)

Not 
reported

One discontinuation†

One troponin T ↑
[63]

Kikuchi 
et al. (2010)

8 Yes ↓ CCS class
↓ NTG use
↑ 6MWT distance
↑ LVEF (MRI)

3 None [64]

Caspari 
et al. (1999)

9 No ↓ CCS class
↑ Exercise tolerance
↑ Perfusion (SPECT)

6 None [66]

Gutersohn 
et al. (2006)

14 No ↓ CCS class
↑ Exercise tolerance
↑ Perfusion (SPECT)

12 None [67]

Schmid 
et al. (2006)

15 Yes ↑ Ischemic threshold
↑ Exercise tolerance

6 None [68]

Naber et al. 
(2007)

25 No ↓ CCS class
↑ Exercise tolerance
↑ Perfusion (SPECT)

3 None [69]

Takayama 
et al. (2008)

17 No ↓ Angina symptoms 3 None [70]

Vainer et al. 
(2009)

14 No ↓ CCS class
↓ NTG use
↑ Exercise tolerance
↑ Perfusion (SPECT)

1 Dizziness and warm 
sensation in 
three patients

[71]

Faber et al. 
(2010)

16 No ↓ CCS class
↑ Myocardial blood 
flow (PET)

Not 
reported

None [72]

Vainer et al. 
(2010)

22 No ↓ CCS class
↓ NTG use

4 Transient dizziness in 
four patients

[73]

Vasyuk 
et al. (2010)

24 No ↓ NYHA class
↓ CCS class
↓ NTG use
↑ 6MWT distance
↑ LVEF (SPECT)
↑ Perfusion (SPECT)

6 One discontinuation† [77]

†The discontinuations were reported to be due to a painful sensation and a long distance to hospital. 
6MWT: 6-min walk test; CCS: Canadian Cardiovascular Society; LVEF: Left ventricular ejection fraction; NTG: Nitroglycerin.
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�� Possible mechanisms of action
Although the precise mechanisms remain to be 
elucidated, two major effects may contribute to 
the aforementioned observations: immediate 
vasodilatation, and the induction of neovascu-
larization in the treated tissue, which probably 
accounts for the observed long-term effects. It 
has been described that SW may induce tis-
sue cavitation [78], generating highly localized 
physical forces that could produce localized 
stress on cell membranes. This would lead to 
a variety of biochemical effects, including: 
shear stress on cell membranes [79], hyperpo-
larization and Ras activation [80], an increase 
in nitric oxide synthesis [75,81–83], an upregu-
lation of VEGF, its receptor Flt-1 and PGF 
[60,76,84–86], in addition to an enhance expres-
sion of stromal-derived factor-1 [87]. Another 
potential cellular mechanism may involve the 
recruitment of progenitor cells to the site of the 
ischemia undergoing CSWT [87–89]. Thus, we 
can conclude that there are probably multiples 
angiogenic pathways involved in the beneficial 
effects of CSWT (Figure 3).

�� Adverse effects
No significant side effects or symptoms were 
reported during the CSWT [62,64–67,69]. Some 
of the patients referred experienced transient 
dizziness and warm sensation [71,73] and in one 
case the procedure was not completed due to the 
painful sensation [63]. 

Only in one case was a slight troponin 
T  elevation found [63]; in the rest of the 
cases, elevation of myocardial enzymes in 
animal and human studies was not observed 
[60,65,66,68–70,73,77]. Currently, there is no avail-
able information about human histology, but 
in rats no histologic signs of myocardial dam-
age, including cellular infiltrates, extravasates, 
edema, cell membrane, or cell nuclei damage 
and hypertrophy, were observed [76]. In human 
cardiac MR studies, no increase in scar tissue 
volume was demonstrated following CSWT 
in humans [71,73].

The CSWT therapy was delivered under 
electrocardiographic R-wave gating, and no 
significant arrhythmias were reported during it. 
However, attention should be paid in patients 
with pacemakers or implantable defibrillators, 
as there are not sufficient safety data.

�� Advantages
A major advantage of CSWT over other ang-
iogenic strategies (cell therapy, gene therapy 
and laser revascularization) is the fact that it is 

Shock waves

Cavitation

Biological effects

NO VEGF PGF SDF-1

EPCs

Angiogenesis

Clinical effects

Figure 3. Proposed mechanism for the 
beneficial effects of cardiac shock-wave 
therapy. The observed clinical effects are 
believed to be related to different angiogenic 
pathways, including NO, VEGF, PGF, (SDF-1) and 
recruitment of EPCs. 
EPC: Endothelial progenitor cell; NO: Nitric 
oxide; SDF-1: Stromal-derived factor-1.

non-invasive and can be performed as an out-
patient treatment. It can be repeated easily as 
no surgery, anesthesia or catheter intervention 
is required. 

As described previously, the prognosis of 
these patients seems to be better than previously 
thought, so it is important to highlight that no 
major adverse effects have been reported with 
its use. In the absence of long-term follow-up, it 
suggests an important positive benefit/risk bal-
ance of this approach.

�� Limitations
As treatment area needs are localized, the 
patients without an adequate echocardiographic 
window (e.g., pulmonary disease, breast proth-
esis or overweight) cannot receive this therapy, 
and the safe use of CSWT in patients with 
pacemakers or implantable defibrillators is still 
not defined, but beyond these points no other 
technical limitations are described. However, as 
the number of sessions to observe the benefits is 
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Executive summary

The patient with refractory angina
�� Refactory angina is a growing problem, as patients with more extensive coronary disease live longer.
�� More than 100,000 new patients are diagnosed per year in the USA and 30,000–50,000 in Europe.
�� Patients appear to have a relatively low mortality, but significant quality of life impairment.

Current treatment possibilities
�� Before making the diagnosis of refractory angina, always ensure that patient is under optimal medical therapy.
�� Enhanced external counterpulsation and spinal cord stimulation have proved to relieve symptoms. Few side effects and contraindications 

have been reported.
�� Cell therapy is still in the experimental stages.
�� Gene therapy, percutaneous and transmyocardial laser revascularization have demonstrated disappointing results.

Shock waves
�� Shock waves have been used in medicine for 30 years.
�� The energy applied in cardiovascular medicine (0.09 mJ/mm2) is much lower than in other specialties.
�� The probable angiogenic effects of shock waves are mediated by nitric oxide, VEGF, PGF and stromal derived factor-1.

Cardiac shock-wave therapy in refractory angina
�� Cardiac shock-wave therapy has demonstrated promising results: it reduces angina symptoms and improves myocardial perfusion in the 

ischemic areas.
�� Cardiac shock-wave therapy is a noninvasive outpatient treatment. No significant side effects have been reported with its use.
�� Cardiac shock-wave therapy is still an experimental therapy with low numbers of patients treated worldwide. There is a lack of 

randomized, placebo-controlled studies.

high and variable, some concern has been raised 
regarding the adherence of patients to CSWT, 
similar to EECP therapy. 

It is important to note that CSWT is still an 
experimental therapy, with very few patients 
currently being treated with this modality 
around the world, compared with other strate-
gies used in refractory angina, and the long-
term prognosis still remains unknown. Besides, 
as there is a lack of large placebo-controlled 
studies, it might be possible that the short-term 
reduction in symptoms observed were mediated 
by a placebo effect. Thus, there is a require-
ment to perform multicentric, randomized and/
or placebo-controlled studies, with long-term 
follow-ups.

Conclusion
Cardiac SW therapy is a novel approach that 
might play an important role in the treatment of 
patients with refractory angina. It seems to reduce 
the symptoms and to improve the quality of life. 
As it is a noninvasive therapy and no significant 
adverse effects have been reported with its use, it 
emerges as an attractive option for these patients. 
However, there is still little experience with the 
use of this technique compared with EECP and 
SCS, so more data deriving from randomized and 
placebo-controlled trials are required before its 
widespread use can be implemented.

Future perspective
In the future, the development of new percuta-
neous or surgical revascularization techniques 

and novel antianginal drugs could allow some 
of those patients suffering from refractory 
angina to become asymptomatic. However, the 
continued aging of the population, the emerg-
ing epidemic of diabetes and the improvement 
in survival after acute cardiovascular events 
will increase the prevalence of this medical 
condition. 

It is also probable that, owing to the men-
tioned development in cardiovascular medicine, 
the mortality of those patients continues to 
decline; at that point, the new therapies should 
focus even more on relieving symptoms and 
improving the quality of life.

Cardiac SW therapy is a promising therapy. 
If the previous data and its angiogenic effects 
are confirmed, SWs may play a potential role 
in other conditions of ischemic heart disease, 
such as bridge to transplantation and diastolic 
dysfunction; more research into these potential 
indications is warranted. The possibility of a 
noninvasive revascularization is exciting, as is 
the absence of significant side effects with its use.
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