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Abstract  

Object ive:  Prognosis of severe coronary artery disease with no indicat ion of percutaneous 

coronary intervent ion or coronary artery bypass graft ing rem ains poor. We have recent ly 

dem onst rated that  shock wave therapy effect ively induces neovascular izat ion and im proves 

m yocardial ischem ia in a porcine m odel in v ivo.  

Methods:  With perm ission from  the Ethical Com m it tee of our I nst itute, we t reated nine pat ients 

with end-stage coronary artery disease with no indicat ion of percutaneous coronary intervent ion 

or coronary artery bypass graft ing (55–82 years old, five m en and four wom en)  with our cardiac 

shock wave therapy (200 shots/ spot  at  0.09 m J/ m m 2 for 20–40 spots, 3 t im es a week/ ser ies) . We 

followed-up the pat ients at  1, 3, 6, and 12 m onths after the therapy to exam ine the am eliorat ion 

of m yocardial ischem ia. When needed, shock wave therapy was perform ed up to three ser ies at  0, 

and 1, 3 or 6 m onths. 

Results:  The cardiac shock wave therapy im proved sym ptom s (Canadian Cardiovascular Society 

funct ional class score, from  2.7± 0.2 to 1.8± 0.2, P< 0.01)  and reduced nit roglycer in use ( from  

5.4± 2.5 to 0.3± 0.3/ week, P< 0.05) . The t reatm ent  also im proved m yocardial perfusion as 

assessed by dipyr idam ole st ress thallium  scint igraphy (severity score, 25.2± 7.2%  im provem ent , 

P< 0.05;  extent  score, 23.3± 9.0%  im provem ent , P= 0.10;  washout  rate, 20± 3 to 34± 3, P< 0.05) . 

Myocardial perfusion was im proved only in the ischem ic area t reated with the therapy. These 

beneficial effects persisted for 12 m onths. No procedural com plicat ions or adverse effects were 

noted. 

Conclusion:  These results indicate that  our ext racorporeal cardiac shock wave therapy is an 

effect ive and non- invasive t reatment  for end-stage coronary artery disease, although further 
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careful evaluat ion is needed. 

 

I nt roduct ion 

The current  m anagem ent  of coronary artery disease (CAD)  has three m ajor therapeut ic 

opt ions including m edical t reatm ent , percutaneous coronary intervent ion (PCI ) , and coronary 

artery bypass graft ing (CABG)  [ 1] .  Prognosis of severe CAD without  an indicat ion of PCI  or CABG, 

however, st ill rem ains poor because m edicat ion is the only therapy to t reat  the disorder. 

Angiogenesis by gene or cell therapy m ay be effect ive but  invasive in nature and is st ill at  a 

preclinical stage [ 2–5] .  

Shock wave (SW)  therapy has been widely used in the lithot r ipsy or the t reatm ent  of certain 

orthopedic condit ions including bone fracture or calcify ing tendonit is [ 6,7] .  Recent ly, it  has been 

dem onst rated that  a low level of SW could upregulate angiogenic factors in cultured endothelial 

cells in v it ro [ 8] .  On the basis of this report ,  we first  confirm ed that  a low level of SW enhances 

the expression of vascular endothelial growth factor (VEGF)  and its receptor, Flt -1,  in cultured 

hum an endothelial cells in v it ro [ 9] .  The m axim um  angiogenic effect  of SW was noted at  0.09 

m J/ m m 2,  which is approxim ately 10%  of that  used for lithot r ipsy t reatm ent  [ 9] .  We then 

perform ed anim al experim ents, in which we were able to dem onst rate that  ext racorporeal cardiac 

SW therapy effect ively induces angiogenesis and m arkedly am eliorates m yocardial ischem ia and 

dysfunct ion in a porcine m odel in v ivo without  any adverse effects [ 9] .  I n the present  study, we 

thus tested our not ion that  cardiac SW therapy im proves m yocardial ischem ia in pat ients with 

severe CAD. 

Methods 

The Ethical Com m it tees of Kyushu University Hospital approved the study protocol on 17 

January 2003, and all pat ients provided inform ed consent . 

Pat ient  select ion 

First , we evaluated the indicat ion of coronary revascular izat ion by sym ptom s, exercise 

tolerance, dipyr idam ole st ress thallium  scint igraphy, and coronary angiography. Cardiac SW 

therapy was indicated when pat ients with severe CAD suffered from  stable effort  angina with 

evidence of m yocardial ischem ia even after adequate m edicat ions and when PCI  or CABG was not  

indicated because of the diffuse distal coronary artery narrowing. Exclusion cr iter ia were absence 

of the inclusion cr iter ia, Q-wave or non-Q-wave m yocardial infarct ion within 3 m onths, unstable 

angina, cardiac t ransplantat ion, breast  plast ic surgery with silicon, pregnancy, cardiac shock or 

uncont rolled heart  failure, left  vent r icular throm bus, poorly cont rolled diabet ic ret inopathy, 

m alignant  tum or ( including operat ion for the tum or within 5 years) , PCI  and/ or CABG within 3 

m onths, and part icipat ion in other clinical t r ial. The final decision to perform  the cardiac SW 

therapy was based on the agreem ent  of cardiologists and cardiac surgeons in our hospital. I n the 

last  2 years, nine pat ients with severe CAD were finally enrolled for the cardiac SW therapy and 

were followed-up for 1 year. Five of them  had previously undergone PCI  and/ or CABG, when 
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indicated. The character ist ics of the pat ients are shown in Table 1.  Hypercholesterolem ia was 

defined as total cholesterol > = 220 m g/ dl or the use of lipid- lowering drug(s) . Hypertension was 

defined as systolic blood pressure > 140 m m Hg and/ or diastolic blood pressure > 90 m m Hg or the 

use of ant ihypertensive drug(s) . Diabetes was defined as fast ing blood sugar > = 140 m g/ dl, blood 

sugar dur ing a 75-g oral glucose tolerance test  > = 200 m g/ dl, or the use of ant idiabet ic drug(s) . 

All pat ients cont inued their  oral m edicat ions including nit rates, [ beta] -blockers, and calcium  

channel blockers (Table 1) .  

 

 
Table 1 Character ist ics of the pat ientsM, m ale;  F, fem ale;  CAD, coronary artery disease;  VD, 

vessel disease;  SW, shock wave;  DM, diabetes m ellitus;  HT, hypertension;  HL, hyperlipidem ia;  

ASO, arter iosclerosis obliterans;  HD, hem odialysis;  OMI , old m yocardial infarct ion;  ACEI , 

angiotensin-convert ing enzym e inhibitors;  AP, ant i-platelet ;  ARB, angiotensin receptor blockers;  

ASP, aspir in;  BB, [ beta] -blockers;  CCB, calcium  channel blockers;  N, nit rates;  NCD, nicorandil;  S. 

stat ins;  CABG, coronary artery bypass graft  surgery;  PCI , percutaneous coronary intervent ion. 

Treatm ent  protocol 

We t reated the nine pat ients with our SW therapy (3 t im es a week/ ser ies, 200 shoots/ spot  at  

0.09 m J/ m m 2 for 20–40 spots each t im e, Modulith SLC, with elect rom agnet ic SW source;  Storz 

Medical, Kreuzlingen, Switzer land) , as we did in the experim ental study (Fig. 1)  [ 9] .  Cont inuous 

elect rocardiography m onitor ing was perform ed during and for 24 h after the SW therapy each 

t im e. Blood chem ist ry ( including m yocardial creat inine phosphokinase)  and hem atological 

analyses were perform ed the day after the therapy each t im e. On the basis of the 

recom m endat ion by the Ethical Com m it tee, from  an ethical point  of v iew, this study had no 

placebo-cont rolled group. I n addit ion, the placebo procedure was considered to be difficult  to 

perform  because pat ients were able to feel, m ore or less, the com pression (but  not  pain)  on the 

chest  with the SW therapy. 
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Fig. 1 Ext racorporeal cardiac shock wave (SW)  therapy in act ion in a pat ient . (a)  The m achine is 

equipped with a SW generator and in- line echocardiography. The SW generator is at tached to the 

chest  wall when used. (b)  The cardiac ult rasound m onitor. The SW pulse is easily focused on the 

ischem ic m yocardium  under the guidance of echocardiography (black and white arrows) . ( c)  The 

SW generator is equipped with parabolic reflector, cylindr ical coil,  and cylindr ical m em brane with 

water cushion. 

We were able to follow-up all pat ients at  1, 3, 6, and 12 m onths after the SW therapy to 

evaluate the t im e course of am eliorat ion of m yocardial ischem ia, including sym ptom s, exercise 

tolerance, dipyr idam ole st ress thallium  scint igraphy, and, when applicable, coronary angiography. 

The pat ients cont inued their  oral m edicat ions throughout  the study period (Table 1) .  When we 

considered that  addit ional im provem ent  could be expected with an addit ional SW therapy on the 

basis of the results at  1 and 3 m onths, the SW therapy was repeated up to three series at  0, and 

1, 3, or 6 m onths, depending on the results of our evaluat ion (Table 2) .  
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Table 2 Clinical features and outcom e of the shock wave therapySW, shock wave;  CCS, Canadian 

Cardiovascular Society;  I nf,  infer ior;  Lat , lateral;  Pos, poster ior;  Ant , anter ior;  Sep, septal. The ‘+ ’ 

and ‘- ’ refer to shock wave therapy perform ed and not  perform ed, respect ively. 

We evaluated the t im e course of sym ptom s with Canadian Cardiovascular Society (CCS)  class 

scores (1, ordinary physical act iv ity;  2, slight  lim itat ion of ordinary act iv ity;  3, m arked lim itat ion 

of ordinary act iv ity;  4, inabilit y to carry on any physical act iv ity without  discom fort )  and the use of 

nit roglycerin per week before and after the SW therapy. 

Exercise test  

Before and after the cardiac SW therapy, pat ients underwent  a sym ptom - lim ited exercise test  

using a 6-m in walk and exercise t readm ill test  using m odified Bruce or Unit  Mets protocol. All tests 

were perform ed with 12- lead elect rocardiography m onitor ing by well t rained cardiologists. Arter ial 

blood pressure was m easured with a m ercury sphygm om anom eter every m inute unt il recovery. 

Dipyridam ole st ress thallium  scint igraphy 

Dipyr idam ole (0.6 m g/ kg body weight )  was int ravenously infused over a 4-m in per iod, 

followed by a bolus of 3 m Ci thallium -201. Cont inuous elect rocardiography m onitor ing and blood 

pressure m easurem ent  were carr ied out  throughout  the test . Single photon em ission com puted 

tom ography im aging was obtained with the sam e cam era (Toshiba, Tokyo, Japan)  in the present  

study. Redist r ibut ion im ages were obtained 4 h after dipyr idam ole infusion. 

The results of the st ress thallium  scint igraphy were evaluated with a 48-segm ent  m odel of the 

left  vent r icle in a blind m anner. The severity of m yocardial ischem ia was evaluated as the rat io of 

percentage thallium  uptake in the st ress im age of the m ost  severe ischem ic area in com parison 

with the norm al wall [ 10] .  The extent  of m yocardial ischem ia was determ ined by the num ber of 

ischem ic segm ents that  indicate less than 80%  uptake in the anter ior and lateral walls and less 

than 70%  uptake in the infer ior, poster ior, and septal walls [ 10] .  We determ ined the assessm ent  

areas just  after the first  SW t reatm ent  and evaluated these two indices (percentage im provem ent  

of severity score and extent  score)  in the local segm ents t reated with the SW therapy in all 

pat ients. We also evaluated the change in absolute value of washout  rate in six pat ients who 

showed a washout  rate of less than 30%  before the SW therapy in a blinded m anner. 

Coronary angiography 
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Coronary angiogram s [ 11]  were obtained in m ult iple project ions and evaluated by m ore than 

five experienced cardiologists in a blind m anner. The degree of coronary artery stenosis was 

visually est im ated as a percentage of the angiographically norm al segm ent  preceding the stenosis. 

We perform ed diagnost ic coronary angiography in all pat ients before the SW therapy;  however, 

we did not  perform  follow-up coronary angiography in four out  of the nine pat ients because of 

renal dysfunct ion. 

Stat ist ical analysis 

Cont inuous var iables were expressed as m ean± SEM. Com parisons dur ing the t im e course 

after the SW therapy were m ade by one-way ANOVA followed by a post -hoc test . All stat ist ical 

analyses were perform ed using Stat  View (SAS I nst itute, Cary, North Carolina, USA) , and P values 

of less than 0.05 were considered to be stat ist ically significant . 

Results 
Pat ient  select ion 

All nine pat ients had at  least  m ore than 12 m onths of history of stable effort  angina. They had 

ischem ic m yocardium  as docum ented by dipyr idam ole st ress thallium  scint igraphy but  were 

diagnosed by coronary angiography to have no indicat ion of PCI  or CABG (Table 1) .  Am ong them , 

eight  had a three-vessel disease and the rem aining one pat ient  had a one-vessel disease, and 

seven of them  had old m yocardial infarct ion (Table 1) .  Two pat ients had previously undergone 

CABG alone, one PCI  alone, and two both CABG and PCI . All of them  had m ore than two r isk 

factors of atherosclerosis (Table 1) .  

Cardiac shock wave therapy 

We perform ed our cardiac SW therapy to the ischem ic area that  was confirm ed by 

dipyr idam ole st ress thallium  scint igraphy ( Fig. 1,  Table 2) .  Depending on the t im e course of the 

im provem ent  of m yocardial ischem ia, we perform ed up to three ser ies of the therapy at  0, and 1, 

3 or 6, m onths for seven pat ients, two ser ies at  0 and 1 m onth for one pat ient , and only one 

series for one pat ient  ( Table 2) .  No procedural com plicat ions or adverse effects were noted in any 

pat ient . 

Effects of the cardiac shock wave therapy 

The cardiac SW therapy significant ly im proved sym ptom s, as evaluated by the CCS class score 

(Fig. 2a,  Table 2)  and the use of nit roglycer in (Fig. 2b) ,  and tended to do so for  a 6-m in walk and 

t readm ill test  (Fig. 3a, b) .  I m portant ly, the SW therapy im proved m yocardial perfusion as evaluated 

by dipyr idam ole st ress thallium  scint igraphy only in the ischem ic m yocardium  where SW was 

applied (Fig. 4) .  I ndeed, when we t reated the anteroseptal area with the SW therapy, m yocardial 

perfusion was im proved only in the t reated area, and when we subsequent ly t reated the lateral 

area, m yocardial perfusion was im proved only in the t reated area (Fig. 4) .  The severity  score, 

extent  score, and washout  rate obtained from  the scint igraphy showed that  m yocardial ischem ia 

was im proved in the t reated area, while it  tended to be worsened in the unt reated area (Fig. 5) .  

The SW therapy significant ly im proved severity score (Fig. 6a)  and tended to do so for the extent  
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score ( Fig. 6b) .  Especially, in the six pat ients with an init ial low washout  rate (< 30% ) , the SW 

therapy also significant ly am eliorated the washout  rate in the ischem ic m yocardium  (Fig. 6c) .  

I m portant ly, these ant i- ischem ic effects of the SW therapy were noted as early as 3 m onths after 

the therapy and persisted for 12 m onths (Figs 2 and 6) .  By cont rast , coronary angiography showed 

no significant  increase in the num ber of visible coronary arter ies. 
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Fig. 2 Ext racorporeal cardiac shock wave therapy significant ly im proved Canadian Cardiovascular 

Society (CCS)  scores (a)  and the use of nit roglycer in (NG)  (b) . Results are expressed as 

m ean± SEM. * P< 0.05 and †P< 0.01 vs. 0 m onth (stat ist ically analyzed by post -hoc test  after one-

way ANOVA) . 
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Fig. 3 Ext racorporeal cardiac shock wave therapy tended to im prove exercise tolerance;  6-m in 

walk (a)  and t readm ill test  (b) . Results are expressed as m ean± SEM. 

 

 
Fig. 4 Dipyr idam ole st ress thallium -201 single photon em ission com puted tom ography (SPECT)  

im aging and polar m ap dem onst rated that  the shock wave (SW)  t reatm ent  am eliorated 

m yocardial perfusion only where SW was applied;  in the anteroseptal wall after the first  t reatm ent  

(Tx)  and in the lateral wall after the second t reatm ent  (arrows) .  
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Fig. 5 The severity score (a) , extent  score (b) , and washout  rate (c)  obtained from  dipyr idam ole 

st ress thallium -201 single photon em ission com puted tom ography im aging. The results showed 

that  m yocardial ischem ia was im proved in the t reated area, while in the unt reated area, it  tended 

to be worsened. Results are expressed as m ean± SEM. †P< 0.01 unt reated vs. t reated area 

(stat ist ically analyzed by one-way ANOVA) . 

 

 
Fig. 6 The shock wave therapy significant ly im proved severity score (a) , tended to im prove extent  

score (b) , and significant ly im proved local washout  rate in pat ients with init ial low washout  rate 

(< 30% )  (c)  in the dipyr idam ole st ress thallium  scint igraphy. Results are expressed as m ean± SEM. 

* P< 0.05 and †P< 0.01 vs. 0 m onth (stat ist ically analyzed by post -hoc test  after one-way ANOVA) . 

Discussion 

The present  study dem onst rates that  our non- invasive ext racorporeal cardiac SW therapy 

am eliorates m yocardial ischem ia in pat ients with severe CAD without  procedural com plicat ions or 

adverse effects, confirm ing our findings in a porcine m odel of chronic m yocardial ischem ia [ 9] .  The 

subject ive and object ive im provem ents of m yocardial ischem ia were noted as ear ly as 3 m onths 

after the SW therapy in the pat ients who had at  least  m ore than 12 m onths of history of stable 

effort  angina pector is. The results with m yocardial thallium  scint igraphy and coronary angiography 

suggest  that  angiogenesis was effect ively induced locally at  coronary m icrovascular levels in the 

ischem ic m yocardium . The therapeut ic effects of the SW therapy persisted during the follow-up 

period for 1 year. I m portant ly, no procedural com plicat ions or adverse effects were noted in the 

present  study. 

Mechanism  of the cardiac shock wave therapy 

The precise m echanism  of SW to induce angiogenesis rem ains to be fully elucidated. SW is a 

longitudinal acoust ic wave, t raveling with the speed in water of ult rasound through body t issue, 

and could be focused on an area of several m illim eters in diam eter [ 12] .  SW is known to exert  the 

‘cavitat ion effect ’ (a m icrom eter-sized violent  collapse of bubbles inside and outside the cells)  [ 12]  

and recent ly has been dem onst rated to induce localized st ress on cell m em branes that  resem bles 

shear st ress [ 13] .  SW has also been dem onst rated to cause non-enzym at ic nit r ic oxide synthesis 

from  L-arginine and hydrogen peroxide [ 14] ,  which m ay be involved, at  least  in part , in the 

biochem ical effects of SW. Furtherm ore, recent  orthopedic studies have dem onst rated that  SW 
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therapy induces neovascular izat ion at  tendon [ 7,15] ,  v ia upregulat ion of endothelial nit r ic 

oxide synthesis, VEGF, and proliferat ing cell ant igen [ 15] .  We have previously confirm ed that  SW 

upregulates VEGF and its receptor, Flt -1, in endothelial cells in v it ro and VEGF in the ischem ic 

m yocardium  in v ivo [ 9] .  As the VEGF–Flt  system  is essent ial in init iat ing vasculogenesis and/ or 

angiogenesis, this effect  of SW could explain, at  least  in part ,  the underlying m echanism s for SW-

induced angiogenesis. I n this study, m yocardial perfusion in the ischem ic m yocardium  was 

im proved only where the SW was applied (Fig. 3) ,  excluding the placebo effect  of the therapy. 

Advantage of the cardiac shock wave therapy 

Transm yocardial laser revascular izat ion is an accepted therapy for an end-stage CAD and is 

reported to reduce the frequency and the severity of anginal sym ptom s and to im prove exercise 

tolerance and quality of life, which, however, is an invasive surgical therapy [ 16] .  A m ajor 

advantage of our ext racorporeal cardiac SW therapy over PCI , CABG, and t ransm yocardial laser 

revascular izat ion is shown by the fact  that  it  is quite non- invasive and safe, without  any 

procedural com plicat ions or adverse effects. I f necessary, we could repeatedly t reat  pat ients (even 

outpat ients)  with the SW therapy because no surgery, anesthesia, or  even catheter intervent ion is 

required for the t reatm ent . This is an im portant  factor in determ ining the clinical usefulness of 

angiogenic therapies in elder ly pat ients with severe CAD. Thus, the ext racorporeal cardiac SW 

therapy appears to be an applicable and non- invasive t reatm ent  for ischem ic heart  disease, 

although future random ized, cont rolled studies are required to validate the present  encouraging 

results. 

Lim itat ions of the study 

Several lim itat ions should be m ent ioned for the present  study. First , from  an ethical point  of 

v iew as discussed by the Ethical Com m it tee, the present  study is not  a placebo-cont rolled study, 

as is always the case in the init ial stage of a novel angiogenic therapy. As we discussed above, we 

noted the im provem ent  of m yocardial perfusion only in the ischem ic region where we t reated with 

the SW therapy in all pat ients. I n addit ion, the object ive im provem ent  of m yocardial ischem ia was 

noted as early as 3 m onths after the SW therapy in pat ients with m ore than 12 m onths of history 

of stable effort  angina. We consider that  these findings could rule out  the placebo effect . 

Furtherm ore, as pat ients are able to feel m ore or less som e com pression (but  not  pain)  on the 

chest  by the low level of SW, an effect ive placebo m anipulat ion is pract ically difficult .  To further 

confirm  the effect iveness of the cardiac SW therapy, however, placebo-cont rolled, random ized 

studies are needed in the future. Second, the num ber of pat ients (n= 9)  is sm all in the present  

study although it  took 2 years for us at  one inst itute to carefully enroll the nine pat ients for the 

SW therapy and to follow-up the pat ients for 1 year. Moreover, the present  data are not  enough to 

evaluate the dose dependency of the SW therapy because of the sm all num ber of pat ients. Thus, 

the present  findings including the evaluat ion of dose-dependent  effect  of the therapy should be 

confirm ed in a m ult icenter study with a large num ber of pat ients. Third, we need to com pare the 

effect iveness of our cardiac SW therapy with that  of gene or cell therapies that  are current ly  being 

developed with an init ial success [ 2–5] .  

Conclusion 
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I n the present  study, on the basis of the st r ict  inclusion and exclusion cr iter ia approved by the 

Ethical Com m it tee, we enrolled nine pat ients with severe CAD without  indicat ion of PCI  or CABG. 

We were able to dem onst rate that  our cardiac SW therapy is effect ive to t reat  those pat ients with 

severe CAD. Thus, if our present  findings are confirm ed in future studies with a large num ber of 

pat ients, the use of the cardiac SW therapy m ay be broadened for the t reatm ent  of pat ients with 

CAD as a non- invasive therapy. 
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