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Stellingenn bij het proefschrift 

Transmyocardiall laser revascularisation: 
Clinicall experience in patients with refractory angina pectoris 

1.. Voor goed geselecteerde patiënten met refractaire angina pectoris is transmyocardiale 
laserr revascularisatre een behandelingsmogelijkheid van eerste keus (dit proefschrift). 

2.. A\s werkingsmechanisme van transmyocardiaie iaser revascuiarisatie speelt denervatie een 
belangrijkeree rol dan verbetering van de myocardiale perfusie (dit proefschrift). 

3.. Bij patiënten met refractaire angina pectoris kan de aanwezigheid van myocardiale 
ischaemiee vaak beter anamnestisch worden vastgesteld dan met behulp van myocardiale 
perfusiee scintigrafie (dit proefschrift). 

4.. Bij de keuze van behandeling van refractaire angina pectoris moet de mening van de patiënt 
eenn prominente rol spelen (dit proefschrift). 

5.. Het oprichten van speciale centra voor de behandeling van patiënten met refractaire angina 
pectoriss komt niet alleen de patiënt ten goede maar ook de kwaliteit van het 
wetenschappelijkk onderzoek (dit proefschrift). 

6.. Zinvolle toepassing van Evidence Based Medicine kan alleen bij een goede afstemming van 
wetenschappelijkk onderzoek op vraagstukken uit de dagelijkse medische praktijk. 

7.. Het toepassen van alle mogelijke middelen bij de behandeling van ernstig zieke patiënten op 
eenn Intensive Care kost meer dan alleen maar veel geld. 

8.. In hartchirurgische centra zijn interventie-cardiologen onmisbaar, 

9.. Betere registratie van ziekte en sterf te in Nederland zou wetenschappelijk onderzoek niet 
alleenn vergemakkelijken maar ook verbeteren. 

10.. Implementatie van richtlijnen is alleen haalbaar als er ruimte bl i j f t voor inbreng van de 
clinicuss practicus. 

11.. Het zou goed zijn als werk- en loonbelasting in de gezondheidszorg omgekeerd evenredig 

waren. . 

12.. A\s de honoreringsregeling voor medisch specialisten in academische ziekenhuizen niet snel 
verbetert,, zal de vergrijzing daar nog sneller gaan dan in de bevolking. 

13.. De afstand tussen mensen wordt groter naarmate ze dichter op elkaar gaan wonen. 

Amstelveen,, 30 oktober 2003 
Joss van der Sloot 
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ChapterChapter I 

PARTT 1: 

CONVENTIONA LL  TREATMEN T OF ANGINA PECTORIS 

Atherosclerosis s 
Atherosclerosiss is a complicated pathophysiologic process predominantly 
responsiblee for the development of the majority of cardiovascular diseases 
[1].. The combined action of different risk factors, such as hypertension, 
diabetes,, hypercholesterolaemia and smoking together with a certain 
familiall  predisposition determine whether the process of atherosclerosis 
wil ll  lead to more or less circumscript coronary lesions or to diffuse, so-
calledd small vessel disease which can for example be seen in patients with 
typee II diabetes mellitus. Examples of both types of coronary artery disease 
(CAD)) are shown in figure 1. The type of lesion is not only important with 

Figuree 1. Two different types of coronary artery disease. 1A shows three circumscript stenoses in a 
coronaryy artery: 1 B shows a left internal mammary artery graft anastomosed to the left descending 
arteryy with very diffuse peripherally localised coronary- artery disease, in a patient that was included in 
thee TMLR trial described in chapters 5 and 6. 

respectt to the clinical manifestations of the disease (abrupt complete 
occlusionn after plaque rupturing of an unstable lesion leads to acute 
myocardiall  infarction while a stable stenosis leads to stable angina 
pectoris),, but it also affects the appropriate treatment options in coronary 
arteryy disease. In refractory angina for example, multiple diffuse lesions 
aree often found, on one hand being responsible for its clinical appearance, 
andd on the other hand making the disease refractory for conventional 
treatment. . 

-- 12-



Introduction:Introduction: treatment of (refractory) angina 

Myocardiall  ischaemia 

Thee underlying pathophysiology of myocardial ischaemia is well known. 
Normallyy increased energy demand is met by dilatation of arterioles, which 
iss mediated by metabolic signals from the myocardium. This is amplified 
byy the release of locally produced and locally acting nitric oxide. In healthy 
bloodd vessels this is a remarkably flexible system providing an accurate 
balancee between oxygen demand and oxygen supply in the myocardium 
overr a wide range of workloads. In atherosclerotic vessels however, 
especiallyy in those with stenoses > 50%, an increased oxygen demand 
cannott be fully compensated by an increased supply, thus causing 
myocardiall  ischaemia [2]. Myocardial ischaemia can lead to myocardial 
dysfunction,, typical electrocardiographic changes and of course pain, the 
latterr referred to as angina pectoris. The clinical importance of a stenosis 
dependss not only on the reduction in luminal diameter but also on the 
lengthh and number of stenoses [3]. Furthermore, stenoses are not fixed and 
mayy alter with changes in coronary tone due to local smooth muscle 
activityy or with the presence of a thrombus. 

Off  all episodes of myocardial ischaemia, up to 70% may be 
asymptomatic.. Even in case of myocardial infarction approximately 30% 
occurss silent [4]. This phenomenon is seen in most patients with CAD, but 
especiallyy in patients with diabetes mellitus due to diabetic neuropathy. 
Importantt is the fact that there seems to be no correlation between the 
severityy of the ischaemia and the degree of pain experienced by the patient [5]. 

Definitionss of angina pectoris 

Anginaa pectoris was first considered as a clinical identity by William 
Heberdenn in 1772 [6]. More than two centuries later, Heberdens 
descriptionn of angina pectoris: "A painful and most disagreeable sensation 
inn the breast", still stands remarkably accurate. The painful sensation, 
whichh is caused by myocardial ischaemia, plays a major role in CAD and 
inn definitions such as stable, unstable, refractory and non-refractory angina. 
Todayy there are several different definitions of angina pectoris, but most 
differr only in detail. According to the current guidelines of the American 
Heartt Association (AHA) and the American College of Cardiology (ACC) 
"anginaa is a clinical syndrome characterised by discomfort in the jaws, 
chest,, back, shoulders or arms. It is typically aggravated by exertion or 
emotionall  stress and is relieved by nitroglycerin. Angina usually occurs in 
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ChapterChapter ! ____ 
patientss with CAD involving > 1 coronary artery. However, it can also be 
presentt in patients with normal coronary arteries. Myocardial ischaemia is 
thenn related to spasm and/or endothelial dysfunction, or to causes like 
severee aortic stenosis and hypertrophic cardiomyopathy [3,7]. As shown in 
tablee 1, the severity of angina can be classified according to the 
classificationn of the Canadian Cardiovascular Society (CCS) or according to 
thee classification of the New York Heart Association (NYHA) [8]. 

Ciass s CCSS functional classification NYHAA functional classification 

Ordinaryy physical activity, such as walking 
andd climbing stairs, does not cause angina. 
Anginaa present with strenuous or rapid or 
prolongedd exertion at work or recreation. 

Slightt limitation of ordinary activity. 
Walkingg or climbing stairs rapidly, walking 
uphill,, walking or stair climbing after meals, 
inn cold, or when under emotional stress or 
onlyy during the few hours after awakening. 
Walkingg more than two blocks on the level 
andd climbing more than one flight of stairs 
att a normal pace and in normal conditions. 

Markedd limitation of ordinary physical 
activity.. Walking one to two blocks on the 
levell  and climbing more than one flight of 
stairss in normal conditions. 

Patientss have cardiac disease but without 
thee resulting limitations of physical 
activity.. Ordinary physical activity does 
nott cause undue fatigue, palpitation, 
dyspnea,, or anginal pain. 

Patientss have cardiac disease resulting in 
slightt limitation of physical activity. They 
aree comfortable at rest. Ordinary physical 
activityy results in fatigue, palpitation, 
dyspnea,, or anginal pain. 

Patientss have cardiac disease resulting in 
markedd limitation of physical activity. 
Theyy are comfortable at rest. Less than 
ordinaryy physical activity causes fatigue, 
palpitation,, dyspnea, or anginal pain. 

Inabilityy to carry on any physical activity 
IVV without discomfort - anginal syndrome may 

bee present at rest. 

Patientss have cardiac disease resulting in 
inabilityy to carry on any physical activity 
withoutt discomfort. Symptoms of cardiac 
insufficiencyy or of the anginal syndrome 
mayy be present even at rest. If any physical 
activityy is undertaken, discomfort is 
increased. . 

Tablee 1. Classification of angina pectoris according to the Canadian Cardiovascular  Society 
(CCS)) and the New York Heart Association (NYHA) . 

Furthermore,, angina can be classified as 'stable1 or 'unstable'. Anginal 
symptomss are regarded as stable if they have been present over several 
weekss without important deterioration. The angina attack occurs in 
circumstancess associated with increased oxygen demand such as during 
exercise.. Even in stable angina, symptoms may vary considerably from 
timee to time due to fluctuations of factors like ambient temperature and 
emotionall  stress. Angina is classified as unstable if pre-existing angina 
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Introduction:Introduction: treatment of (refractory) angina 
worsenss abruptly without any clear reason or when newr angina develops at 
restt or at a relatively low workload [3]. Unstable angina is most often 
associatedd with fissuring or rupture of an atherosclerotic plaque followed 
byy platelet aggregation at the same site. This intracoronary thrombus 
formationn may lead to further impairment of the coronary blood flow or to 
thromboticc occlusion resulting in infarction. Activated platelets at the site 
off  plaque rupture can release vasoconstricting prostaglandines. Together 
withh thromboxane-A2 this can increase the coronary artery tone or induce 
spasmm at the site of the stenosis, thus further deteriorating the coronary 
bloodd flow [3]. 

Non-refractoryy angina is defined as angina that can be treated 
sufficientlyy by so-called conventional treatment. In this definition the word 
sufficientlysufficiently is crucial, because it allows individual nuances. For example, a 
certainn quality of life (QOL) may be acceptable for one person but totally 
unacceptablee for another. Taking the above into account, refractory angina 
can,, in our opinion, be defined as the chronic persistence of severe anginal 
symptomss despite maximal anti-anginal medication, while the option to use 
invasivee revascularisation procedures such as percutaneous transluminal 
coronaryy angioplasty (PTCA) or coronary artery bypass grafting (CABG) 
iss excluded on the basis of recent coronary angiography (CAG) showing 
severee CAD. This definition of refractory angina is used in this thesis, thus 
excludingg acute exacerbations of angina refractory to therapy. Patients with 
Syndrome-XX are also excluded by this definition due to lack of significant 
CADD on angiography [9,10], The European Society of Cardiology (ESC) 
Jointt Study Group on the Treatment of Refractory Angina has agreed on 
thee following definition of refractory angina pectoris: "Refractory angina 
pectoriss is a chronic condition characterised by the presence of angina 
causedd by coronary insufficiency in the presence of coronary artery disease 
whichh cannot be controlled by a combination of medical therapy, 
angioplastyy and coronary bypass surgery. The presence of reversible 
myocardiall  ischaemia should be clinically established to be the cause of the 
symptoms.symptoms. Chronic is defined as a duration of more than 3 months" [11]. 
Thee presence of detectable myocardial ischaemia forms the difference 
betweenn this definition and the one used in this thesis. In our experience a 
considerablee number of patients with severe refractory angina and proven 
severee CAD shows no or only minimal myocardial ischaemia on 
myocardiall  perfusion scintigraphy. This issue will be discussed in 
chapterr 8. 
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ChapterChapter 1 
Otherr names for refractory angina used in the literature are for instance 

intractablee angina pectoris and end-stage coronary artery disease. The term 
refractoryy angina, however, is more applicable in view of the development 
off  new therapies for this specific condition. 

Coronaryy artery disease in the Netherlands 

Thee most recent data on morbidity and mortality due to cardiovascular 
diseasess in the Netherlands, published by the Netherlands Heart 
Foundation,, indicate that CAD is not only still the major cause of death but 
iss also responsible for the majority of morbidity in the Netherlands [12], 
despitee all primary and secondary preventive measures in CAD. In 2001, 
48,4377 persons died due to a cardiovascular disease, being 35% of all 
deaths.. Cardiovascular mortality strongly increases with age, and so does 
cardiovascularr morbidity. Of all persons between 55 and 64 years of age in 
2001,, 3,372 persons died because of cardiovascular diseases. Between 
755 and 84 years of age 17,526 persons died by this cause and in the age 
categoryy 85 years and older 15,836 persons [12]. Of all causes of 
cardiovascularr death, ischaemic heart diseases and cerebrovascular 
diseasess are the most important ones, together responsible for 59% of all 
cardiovascularr death [12], In table 2, the different causes of death due to 
cardiovascularr disease are summarised. Thanks to improved therapy we 
havee seen a remarkable reduction in mortality due to ischaemic heart 
diseasess and cerebrovascular diseases over the last 20 years (see figure 2). 
Inn the Netherlands, this reduction in cardiovascular mortality is the major 
reasonn for improvement in life expectancy. Between 1980 and 2001, the 
lif ee expectancy at birth for men has risen with 3.3 years and for women with 
1.55 years to respectively 75.8 years and 80.7 years. In 2001, 18% (260,000) 
off  all hospital admissions in the Netherlands were due to a cardiovascular 
cause,, and 31.7% of these cardiovascular admissions were due to 
ischaemicc heart disease [12]. These data demonstrate that despite all effort 
undertakenn in terms of primary and secondary prevention, cardiovascular 
diseases,, especially ischaemic heart diseases, still play a major role in our 
healthcaree system. Reliable data on the incidence of refractory angina are 
scarce.. In the United States per year about 100,000-200,000 patients with 
refractoryy angina are assumed eligible for new methods of 
revascularisation,, including transmyocardial laser revascularisation 
(TMLR)) and drug-induced angiogenesis [13]. In most European countries 
evenn the precise prevalence of angina pectoris is not known, and current 
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Introduction:Introduction: treatment of (refractory) angina 
numberss are based on rough estimates. According to the literature 
approximatelyy 5-10% of all patients with angina pectoris develop 
refractoryy angina [14,15]. In the Netherlands only the number of 

Causee of death 

Ischaemicc hert disease 
off  which acute myocardial infarction 

Cerebrovascularr disease 
Congenitall  heart disease 
Rheumaticc heart disease 

andd valve vitiae 
Infectiouss heart disease 
Otherr heart disease 

off  which heart failure 
Vascularr disease - arterial 
Atherosclerosiss and. or 

hypertension n 
Vascularr disease - venous 
Otherr vascular and lymph vessel 
disease e 

Total l 

Male e 

9,405 5 
6,632 2 
4,664 4 

98 8 

543 3 

207 7 
5,489 9 
2,130 0 
1.404 4 

1,032 2 

67 7 

247 7 

23,156 6 

40.6% % 

20.1% % 
0.4% % 

2.3% % 

0.9% % 
23.7% % 

6.1% % 

4.5% % 

0.3% % 

1.1% % 

100% % 

Female e 

7.195 5 
5,265 5 
7.336 6 

73 3 

901 1 

281 1 
7.031 1 
3,400 0 

782 2 

1,212 2 

125 5 

345 5 

25,281 1 

28.5% % 

29.0% % 
0.3% % 

3.6% % 

1.1% % 
27.8% % 

3.1% % 

4.8% % 

0.5% % 

1.4% % 

100% % 

Malee + 

16,600 0 
11,897 7 
12,000 0 

171 1 

1.444 4 

488 8 
12.520 0 
5,530 0 
2.186 6 

2,244 4 

192 2 

592 2 

48,437 7 

Female e 

34.3% % 

24.8% % 
0.4% % 

3.0% % 

1.0% % 
25.8% % 

4.5% % 

4.6% % 

0.4% % 

1.2% % 

100% % 

Tablee 2. Absolute mortalit y due to cardiovascular  disease in the Netherlands in 2001. Reproduced 
withwith permission of the Netherlands Heart Foundation. For further specification of the 'cause oj death ' 
categoriescategories see reference [I2J. 

200 0 

Ischaemi cc heart diseas e 
150 0 

a a o o o o o" " o o 
HH ioo 

Cerebrovascularr attacks 

50 0 

1980 0 1985 5 1990 0 

Year r 

1995 5 2000 0 

Figuree 2. Mortalit y of ischaemic heart disease and of cerebrovascular  attacks (per  100,000 per 
year)) in the Netherlands between 1980-2001. Reproduced with permission of the Netherlands Heart 
FoundationFoundation [12J. 
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ChapterChapter 1 
hospitalisationss for angina pectoris is known: in 2001, there were 33.000 
admissions.. Some patients will be admitted several times during one year 
whilee other patients, even when they arc suffering from refractory angina, 
aree not admitted to a hospital. Considering the above, a guessed estimate of 
thee incidence of refractory angina in the Netherlands would be at least 
1,0000 to 2,000 patients per year. With the improvement of the life 
expectancyy and the amelioration of the treatment of acute coronary 
syndromes,, one can expect that these numbers will rise. However, a 
systematicc registration system is indispensable to assess the real burden of 
thiss disease and thus obtain accurate data on the prevalence and incidence 
off  refractory angina. 

Treatmentt  of non-refractory angina pectoris 

Thee treatment of angina pectoris aims for two different goals: 
1.. Improvement of prognosis by preventing myocardial infarction and 

death.. To achieve this, treatment must be focussed on stopping or 
reducingg the process of coronary atherosclerosis and on preventing 
complications,, especially plaque rupture and thrombosis. In this 
respect,, lifestyle changes and drugs play a key-role, but also 
revascularisationn procedures may protect the myocardium by 
amelioratingg myocardial perfusion; 

2.. Improvement of signs and symptoms caused by myocardial ischaemia 
andd so improvement of QOL. In this respect, lifestyle changes, drugs 
andd interventional techniques also play a role. 

LifestyleLifestyle changes 
Thee most important lifestyle changes as advised in almost all guidelines on 
thee prevention and treatment of coronary artery disease involve: 

Smoking:Smoking: Cessation improves symptoms and prognosis, as well as 
therapeuticc efficacy. Cigarette smoking is the most important reversible 
riskk factor in the genesis of CAD [3]. Patients often need special help to 
stopp smoking. Transdermal nicotine therapy has proven to be safe and 
effective. . 

Diet:Diet: A weight-reducing diet should be advocated in obese patients. A 
so-calledd Mediterranean diet with vegetables, fruit, fish and poultry is 
preferablee especially in patients with lipid abnormalities. Moderate alcohol 
consumptionn (two to three glasses of wine a day) may be beneficial. 
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Introduction:Introduction: treatment of (refractory) angina 
Excessivee consumption however is harmful, especially in patients with 
concomitantt hypertension, diabetes or heart failure. 

PhysicalPhysical activity: Physical activity can increase exercise tolerance [3] 
andd reduce anginal symptoms. Furthermore, it has favourable effects on 
weight,, blood lipids, blood pressure and glucose metabolism. Physical 
activityy should be encouraged, within the patient's limitations. An exercise 
testt can be helpful in this respect. 

PsychologicalPsychological stress: This should be avoided as much as possible 
becausee it can provoke attacks of angina. Other psychological factors that 
deservee attention and that are often seen in patients with CAD are anxiety, 
feelingss of unsafely and depressions. 

Hypertension,Hypertension, diabetes and other disorders: Concomitant disorders 
likee hypertension, anaemia, diabetes mellitus and hypercholesterolaemia 
shouldd be managed as appropriately as possible. Ill controlled diabetes, 
hypertensionn and hypercholesterolaemia increase progression of CAD. 

PharmacologicalPharmacological treatment 
Pharmacologicall  treatment aims to prevent complications and to induce 
relieff  of symptoms. Three classes of drugs are used in chronic stable 
anginaa to relieve symptoms: Nitrates, p-blockers and calcium channel-
blockers.. They try to reduce the myocardial oxygen demand or to increase 
thee myocardial perfusion. In patients with severe anginal complaints a 
combinationn of all three classes is subscribed, called "triple medication'. In 
somee patients a fourth or fifth drug is added, such as nicorandil, a 
potassiumm channel-activator with nitrate-like activity, or amiodarone, an 
anti-arrhythmicc drug, which also has an anti-anginal effect [16]. 

Inn the last decade sufficient evidence has been gathered that drugs 
improvingg the lipid profile, especially statins, or drugs that decrease the 
riskk of thrombosis, such as platelet aggregation inhibitors, improve 
prognosiss substantially by lowering the incidence of myocardial infarction 
andd death [17-19], This is not the case with nitrates and calcium channel-
blockers.. Large trials have shown that, at least when started shortly after 
myocardiall  infarction, p-blockers reduce mortality and the number of re-
infarctionss [20]. 

ConventionalConventional revascularisation techniques 
PercutaneousPercutaneous transluminal coronary angioplasty (PTCA) 
PTCAA was first performed in 1977 by Grüntzig [21]. Since that time the 
numberr of procedures has increased exponentially. For example, in the 
yearr 2000 approximately 16,000 patients were treated in the Netherlands 
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(70%% of which received a coronary stent). This dramatic increase is largely 
thee result of major changes in the technique, the materials and lesion 
selectionn criteria. Mostly, the PTCA procedure is achieved with a balloon 
trackingg over a guidewire. For particular types of lesions alternative 
methodss can be used, such as directional atherectomy or ablation with a 
Rotablator™™ [22]. Intracoronary laser angioplasty has proven to be less 
effective,, mainly because of a high incidence of restenosis [23]. At present, 
stentss are used more and more in interventional cardiology. The use of 
stentss has markedly decreased the rate of post-procedural myocardial 
infarctionn and restenosis, and the need for emergency CABG. In stable 
anginaa and anatomically suitable lesions the overall success rate of PTCA 
iss 95% while the mortality rate is less than 0.2% in patients with one-vessel 
diseasee and 0.5% in patients with multi-vessel disease [24]. Procedural 
myocardiall  infarctions, defined as new Q-waves on the electrocardiogram 
(ECG),, are seen in less than 1% of procedures, and emergency CABG is 
onlyy necessary in less than 1% of cases. New developments are for 
examplee smaller catheters and drug-eluting stents [25,26], the latter to 
preventt restenosis that is a major concern in interventional cardiology. 
Despitee these promising developments, until now there is no convincing 
evidencee that PTCA in general is superior to medical treatment with regard 
too prognosis (myocardial infarction or death) in patients with stable angina 
pectoriss [7]. 

CoronaryCoronary artery bypass grafing (CABG) 
CABGG is known as a very effective method of myocardial 
revascularisationn for more than 30 years. The coronary bypass operation is 
usuallyy performed with cardiopulmonary bypass using the pump 
oxygenator.. An important new development however is the so-called 'off-
pump'' surgery used to avoid complications related to the use of extra-
corporall  circulation [27]. A number of methods for minimising peri-
operativee ischaemia as well as numerous strategies for optimal peri-
operativee myocardial preservation have diminished the operation-related 
morbidityy and mortality considerably. Initially, conduits used for CABG 
weree almost only veins. The long saphenous vein is still widely used, 
howeverr if possible arterial grafts are preferred because their long-term 
patencyy is much better compared to that of veins. The left internal 
mammaryy artery is used in almost all bypass procedures of the left 
coronaryy artery. Besides the right internal mammary artery, the right 
gastro-epiploicc artery, the inferior epigastric artery and the radial artery are 

- 2 0 --



Introduction:Introduction: treatment of (refractory) angina 
usedd as conduits. In vessels with severe distal disease, which are not 
appropriatee for distal grafts, endarteriectomy is often performed. However, 
thiss procedure shows a higher peri-operative mortality and myocardial 
infarctionn rate, and a shorter graft patency. The major in-hospital peri-
operativee complications are predominantly determined by the extent of 
CAD,, the ability to accomplish complete revascularisation, the left 
ventricularr function and the presence of comorbidity, especially renal 
and/orr respiratory insufficiency. At present, the in-hospital mortality rate is 
aboutt 1% in one-vessel disease and increases up to 5% in multi-vessel 
diseasee combined with a poor left ventricular function. Peri-operative 
myocardiall  infarction diagnosed by the occurrence of new Q-waves is seen 
inn 4-5% of procedures [28]. The patency of venous conduits is quite 
variable,, but 10-20% of grafts are occluded within 1 week after surgery. 
Threee to 5 years after the operation 60-70% of venous grafts show 
importantt atherosclerotic narrowing. In contrast, 90% of the internal 
mammaryy artery grafts anastomosed to the left anterior coronary artery are 
patentt 10 years after the operation [29], The peri-operative mortality of a 
re-CABGG depends mainly on the left ventricular function but is as high as 
5-11%.. Compared to medical therapy CABG is only favoured in patients 
withh left main disease or with severe three-vessel disease associated with 
ann impaired left ventricular function. Many major randomised trials like 
RITA,, GABI and BARI have compared PTCA and CABG [30-32]. The 
resultss of these trials are uniform and consistent. Both techniques of 
myocardiall  revascularisation are associated with a similar risk of non-fatal 
myocardiall  infarction and death although PTCA has a higher incidence of 
recurrentt angina and necessity for coronary re-intervention. However, most 
comparativee studies performed until now were underpowered to detect 
smalll  differences or differences in specific subgroups. It is important to 
realisee that in most patients with CAD the atherosclerotic process continues 
andd indications for a re-intervention are very common. Angioplasty can be 
consideredd as a repeatable low-risk procedure while a repeated CABG has 
aa much higher risk. Therefore, especially in younger patients, angioplasty 
becomess more and more the therapy of first choice. 
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PARTT 2: 

TREATMEN TT OF REFRACTORY ANGINA PECTORIS 

Introductio n n 
Ass described in part 1, there is a substantial and growing number of 
patientss with refractory angina pectoris. For these patients several different 
treatmentt regiments have been developed with often completely different 
andd sometimes not fully understood working mechanisms. They include 
neuromodulatingg therapies and alternative revascularisation techniques, 
includingg TMLR, the subject of this thesis. These and other treatment 
regimentss are described below, together with hypotheses on the working 
mechanismm of TMLR. 

Neuromodulatingg therapies 

Thee neural aetiology of anginal pain is poorly understood. Activation of 
cardiacc nociceptors is thought to be caused by ischaemia-induced release of 
specificc substances (such as adenosine) [33]. The pain stimulus is 
transportedd through cardiac afferent fibres to the spinal cord. After 
convergingg with other afferent fibres the stimulus is transported to the 
somato-sensiblee cortex of the cerebrum where it is registered as typical 
anginaa pectoris [34], The convergence of different afferent fibres from 
differentt dermatomes in the spinal cord is likely the reason why activation of 
cardiacc nociceptors is not only experienced as pain in the cardiac region 
(chest)) but also in other dermatomes, such as the jaw% arm or shoulder 
('referredd pain') [35]. 

TranscutaneousTranscutaneous electric nerve stimulation (TENS) 
TENSS [36] is the least invasive neuromodulating therapy. The rationale for 
thiss technique (as well as for spinal cord stimulation (SCS), see below) is 
basedd on the 'gate-control' theory of Melzack and Wall [37]. In this theory, 
nociceptivee nerve (C) fibres (transporting the anginal signal) are inhibited 
byy stimulation of non-nociceptive (A) nerve fibres. With TENS, electrodes 
aree placed on the chest wall. Using an external device, electric stimulation 
(att different levels) is applied to the chest through the electrodes, creating 
ann area of paraesthesia. When placed correctly, it is possible to cover the 
entiree area of anginal pain. A great advantage of this technique is the 
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relativee simplicity of the application. When instructed properly, patients 
cann personally operate the device when angina occurs or is anticipated. The 
clinicall  results are good, but long-term use causes skin irritation in a large 
numberr of patients [38]. Nevertheless, because TENS is easy to apply and 
iss reimbursed by the insurance companies, this therapy is relatively often 
usedd in the Netherlands. Furthermore, since non-ischaemia related pain 
reactss much less to TENS, it is also used to determine whether the pain is 
off  ischaemic origin. 

SpinalSpinal cord stimulation (SCS) 
SCSS has many similarities to TENS. However, the electrode is not placed 
onn the chest wall but in the epidural space directly against those segments 
off  the spinal cord that convey the anginal pain. The pulse generator is 
placedd subcutaneously and stimulation can be controlled from the outside 
usingg a remote control. When placed correctly, stimulation produces 
paraesthesiaa that reduces the anginal pain. Besides the paraesthetic effect, 
thee clinical efficacy of SCS has also been ascribed to a reduction of 
myocardiall  ischaemia caused by a redistribution of coronary blood flow 
betweenn affected and unaffected myocardial regions (a phenomenon 
knownn as the "Robin Hood effect") [39]. Interestingly, the anginal pain is 
nott completely masked by stimulation and therefore the warning signal is 
nott completely disabled. This is important since angina can be a warning 
signall  for a pending myocardial infarction. Currently, approximately 
2,0000 patients have been implanted with a spinal cord stimulator [11]. 
Severall  clinical studies on safety as well as on efficacy have been 
published,, and reduction in angina class and improvement in QOL have 
beenn reported [40]. Furthermore, in a comparative study in symptomatic 
high-riskk surgical candidates with no prognostic benefit from CABG 
(accordingg to the ACC / AHA guidelines [41]), SCS and CABG have 
shownn similar effect in relieving anginal symptoms [42]. Due to these 
resultss SCS has obtained a Class lib recommendation (Class 
libb = usefulness/efficacy is less well established by evidence/opinion) in 
thee recently published ACC / AHA guideline update on the treatment of 
chronicc angina pectoris [43]. Adverse risks of SCS include dislocation of 
thee electrodes and infections. 

ThoracicThoracic epidural anaesthesia (TEDA) 
TEDAA was first introduced as a treatment for angina in 1989 by Blomberg 
ett al. [44], The technique works through insertion of an epidural catheter at 
thee spinal cord level that corresponds with the cardiac area, i.e. C?-T4. An 
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anaestheticc is infused, aiming to achieve total bilateral anaesthesia of the 
spinall  roots and sympathetic trunks. Treatment success is defined as 
completee anaesthesia of the dermatomes where anginal pain is experienced. 
Currently,, a few hundred patients have been treated with this technique and 
thee achieved results were satisfactory [45], especially for unstable angina. 
Thee use for chronic stable angina has been much less documented, mainly 
becausee of the many practical disadvantages of long-term use such as the 
repeatedd infusion {wit h risk of infection) and the fact that an infusion pump 
hass to be carried around at all times. 

LeftLeft stellate ganglion blockade (LSGB) 
LSGBB is a variation on thoracic epidural anaesthesia and was already 
describedd in 1966 [46], Rather than infusion of the anaesthetic into the 
epidurall  space to work directly on the spinal cord as in TEDA, it is injected 
paravertebral̂̂  at the location of the left stellate ganglion. Like TEDA, the 
aimm is to achieve anaesthesia in the area of anginal pain and thus 
decreasingg this pain. Only few patients (around 100) have been treated with 
thiss technique and although good results were reported [47], the scientific 
evidencee for efficacy remains scarce. 

EndoscopicEndoscopic thoracoscope sympathectomy (ETS) 
ETSS has been used for the treatment of angina pectoris for approximately a 
decadee [48]. It is the most invasive and permanent method of neural 
modulationn of anginal pain, creating a permanent afferent sympathetic 
blockk as well as disruption of afferent pathways leading to analgesia. 
Underr general anaesthesia the sympathetic ganglia T rT5 are coagulated. 
Thee procedure is often only performed on the left side, however if the 
resultt is unsatisfactory it can be performed bilaterally. Significant decrease 
off  anginal symptoms has been reported for this treatment [48]. However, 
duee to complications such as myocardial infarction and autonomic and 
sensoryy disturbances, less than 100 patients have currently undergone this 
therapyy [11]. 

Alternativ ee revascularisation techniques 

Revascularisationn is aimed at the reduction of angina-inducing ischaemia. 
Surgicall  techniques to 'revascularise' ischaemic myocardial regions have 
beenn under investigation for many decades. One of the first attempts was 
madee by Beck in 1935 who grafted the pectoral muscle to the epicardial 
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surfacee of the heart [49]. After removing the pericardial fat, his aim was to 
createe vascular connections between the myocardium and the overlying 
pectorall  musculature and thus provide an alternative supply of blood to the 
myocardium.. Almost 20 years later, Vineberg [50] described the treatment 
off  coronary insufficiency using direct implantation of the left mammary 
arteryy into the myocardium. This 'Vineberg procedure' was not a direct 
arteriall  anastomosis but an implantation of the distal arterial end into a 
mechanicallyy created myocardial channel. After a few weeks, micro-
vascularr connections were shown between the implanted artery and the 
nativee coronary circulation. Reports on follow up of patients who 
underwentt the Vineberg procedure have demonstrated patent mammary 
arteryy grafts more than 20 years after the procedure [51]. 

Anotherr approach to restore blood flow to ischaemic myocardium is the 
directt delivery of oxygenated blood from the left ventricular cavity into the 
myocardium.. This concept originates from the work of Wearn et al. [52]. 
Inn 1935 they described the existence of vascular connections ('myocardial 
sinusoids')) between human coronary arteries and the ventricular cavity. 
Thesee connections may facilitate a flow from the ventricular cavity directly 
intoo the myocardium in the case of inadequately functioning coronary 
arteries.. Open connections between the ventricular cavity and the 
myocardiumm are also known to be present in reptile hearts. In the reptilian 
heart,, perfusion through these connections provides an important portion of 
bloodd delivery to the endocardium, and an underdeveloped coronary artery 
systemm only provides a small part of the myocardial perfusion [53]. 
Kohmotoo et al. have investigated this perfusion system in alligator hearts 
andd found that in the myocardium > 60% of the perfusion was derived 
directlyy from the ventricular chamber [54]. Myocardial oxygenation 
throughh direct ventriculo-myocardial perfusion has furthermore been 
describedd to be functional in children with hypoplasia of the left ventricle 
[55]]  and in patients with pulmonary atresia combined with proximal 
obstructionn of the coronary arteries [56]. 

Inn the decades following Wearns' description, many attempts have been 
madee to mimic the reptilian cardiac anatomy by developing ways of 
deliveringg oxygenated blood directly from the left ventricle to the 
myocardium.. The first attempt was described by Goldman et al. in 1956 
[57].. They implanted perforated U-shaped carotid artery grafts in canine 
myocardiumm with both ends of the grafts in open connection with the left 
ventricularr cavity. When the left anterior descending artery (LAD) was 
ligatedd 3 weeks after the implantation, mortality was only 5% versus 61% 
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afterr ligation in non-implanted (control) animals. Massimo et al. [58] 
slightlyy modified this concept and implanted T-shaped tubes of which the 
longg leg was in open connection with the left ventricular cavity and both 
shortt legs were inside the myocardium. When Sen [53] later simplified this 
approachh by using hollow needles to create channels in the myocardium, 
thee first transmyocardial revascularisation (TMR) procedure was a fact. 
Althoughh these channels appeared to be successful in protecting the 
myocardiumm against infarction after ligation of the LAD, the long-term 
effectt of this 'transmyocardial acupuncture' technique was poor, which 
wass attributed to rapid occlusion of the channels. Investigators such as 
Hersheyy [59] and Pifarré [60] further explored this revolutionary idea of 
transmyocardiall  revascularisation. However, the TMR approach was 
greatlyy overshadowed by the rapid development of PTCA and CABG, 
whichh were already described in part 1 of this chapter. Below we will 
discusss four alternative techniques: Long-term intermittent urokinase 
therapy,, enhanced external counter pulsation, induction of angiogenesis 
andd arteriogenesis using vascular growth factors, and finally TMLR, which 
iss the major subject of investigation of this thesis. 

Long-termLong-term intermittent urokinase therapy (WT) 
IUTT has been reported to improve the haemodynamics of blood (decrease 
off  viscosity) and has anti-thrombotic effects [61]. In short, up to 
500,0000 units of urokinase are administered intravenously 3 times per 
weekk for 12 weeks. The resulting haemodynamic and antithrombotic 
effectss are thought to reduce anginal symptoms by a reduction of 
myocardiall  ischacmia. Drawbacks of this technique arc the high costs and 
thee occurrence of complications such as bleeding. 

EnhancedEnhanced external counter pulsation (EEC) 
EECC is aimed at increasing arterial diastolic blood pressure and subsequent 
coronaryy perfusion. Pressure cuffs are placed around the patient's legs and 
inflatedd sequentially in early diastole from the lower legs up to the thighs 
inn order to propel blood to the heart in a retrograde direction. Decrease of 
angina]]  symptoms has been reported which has been suggested to result 
fromm a reduction in myocardial ischacmia [62]. In the recently published 
ACCC / AHA guideline update for the management of patients with chronic 
stablee angina this therapy received a Class lib recommendation as an 
alternativee therapy in patients with chronic refractory angina [43]. 
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InductionInduction of 'angiogenests and arteriogenesis using vascular growth factors 
Angiogenesis,, for which pioneering work in tumours has been performed 
byy Folkman [63], refers to the sprouting of endothelial cells forming 
capillaryy networks. Insight in this mechanism has led to the start of clinical 
trialss using vascular growth factors such as fibroblast growth factor (FGF) 
andd vascular endothelial growth factor (VEGF). Initial promising results 
fromm small uncontrolled studies [64,65] could unfortunately not be 
confirmedd in subsequent placebo-controlled multi-centre studies. 

Arteriogenesiss refers to the growth of pre-existent collateral arterioles 
intoo functional collateral arteries. Stimulating this process with substances 
suchh as monocyte chemoattractant protein-1 (MCP-1), transforming growth 
factor-|33 (TGF-p) and granulocyte macrophage-colony stimulating factor 
(GM-CSF)) may lead to the formation of natural bypasses that can serve as 
conduitt arteries to compensate for the functional loss of atherosclerotic 
arteries.. At present, much research in this interesting field is being 
performedd [66], with very promising initial results. 

TransmyocardialTransmyocardial laser revascularisation (TMLR) 
Afterr more than a decade of silence, in 1981 Mirhoscini and Cayton re-
introducedd the myocardial acupuncture concept first described by Sen (see 
above).. They reported on the creation of transmyocardial channels in 
caninee hearts using a 400 Watt (W) carbon dioxide (C02) laser instead of 
needless [67]. Ligation of the LAD after creation of transmyocardial laser 
channelss resulted in no mortality versus 100% mortality after ligation 
withoutt laser channels. Two years later, these results led Mirhoseini to 
performm the first clinical TMLR as an adjunct to CABG in a 65-year old 
mann [68], From that moment on much research has been performed on this 
technique,, both as a stand-alone procedure as well as in combination with 
otherr treatments [69], 

Thee technique of TMLR is straightforward. Figure 2 shows a 
schematicc drawing. In the vast majority of cases the heart is approached 
usingg a lateral thoracotomy in the fifth or sixth intercostal space. An 
approachh using a sternotomy is often relatively contra-indicated since 
manyy TMLR-eligible patients have previously undergone bypass surgery 
throughh a sternotomy and they are likely to have extensive pericardial 
adhesions.. No cardiopulmonary bypass is used and when the chest and 
pericardiumm have been opened the hand piece of the laser is placed on or 
closee to the epicardial surface. Three different types of lasers are clinically 
usedd to create transmyocardial channels: The carbon dioxide (CO2), the 
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Contrastt bubbles seen on TEE 

Figuree 2. Schematic drawing of the technique used in transmyocardial laser  revascularisation 
(TMLR) .. For explanations see text. TEC = transoesophageal echocardiography. 

holmium:yttrium-aluminum-garnett (Ho:YAG) and the xenon chloride 
(XeCl)) excimer laser. Until June 2003. randomised controlled studies have 
onlyy been published for the C02 and Ho:YAG laser, which are also the 
mostt widely used lasers for TMLR. However, in this thesis (chapters 5 and 
6)) we describe a randomised clinical trial of XeCl excimer TMLR versus 
medication.. The Ho:YAG (wavelength 2.1 urn) and XeCl excimer laser 
(wavelengthh 308 nm) both use a flexible fibre-optic system in combination 
withh a hand piece. The tip of the hand piece is placed on the epicardial 
surfacee of the beating heart and is gently advanced through the 
myocardiumm during multiple (ECG-triggercd) laser pulses. The long 
wavelengthh of the CO: laser (10.6 um) makes it unsuitable for fibre-based 
opticss and therefore it operates with an articulated ami. This laser creates 
transmyocardiall  channels in one single pulse. During CCX Ho:YAG and 
excimerr TMLR transmyocardial perforation can be confirmed with 
transoesophageall  echocardiography (TEE) by the appearance of contrast 
bubbless in the ventricular cavity [70]. Furthermore, complete perforation 
cann be felt (slight loss of resistance when the fibre has passed through the 
myocardium),, heard (hiuher sound when laser is fired into the blood inside 
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thee ventricular cavity) and seen (blood spurting from the epicardial 
entrancee site). 

Thee channel diameters are ~1 mm for the CO: and XeCl excimer lasers 
andd -2 mm for the Ho:YAG laser (larger diameter fibre tip). When a 
channell  is created, bleeding can usually be stopped with the application of 
slightt manual pressure at the epicardial opening. If this does not result in 
closuree of the channel through formation of a blood cloth, a suture can be 
usedd to close the epicardial channel opening. According to the current 
clinicall  standard, approximately one channel/cm" is created. However, no 
absolutee scientific evidence has been published indicating that this is the 
optimumm channel density. The total number of channels mostly depends on 
thee size of the reversibly ischaemic myocardium. Patients are usually 
dismissedd from the hospital several days following the TMLR procedure. 

Hypothesess on the working mechanism of TML R 

Clinicall  improvement after TMLR has been reported repeatedly [71-77]. 
Neverthelesss a definitive mechanistic explanation still has to be found. 

TheThe patent channels hypothesis 
Thee original theory, i.e. direct perfusion of oxygenated blood from the left 
ventricularr cavity into the ischaemic myocardium, was based on the 
descriptionn of myocardial sinusoids as described above. In the 'patent 
channels'' hypothesis the TMLR channels would endothelialisc and connect 
too these sinusoids and possibly even to the native coronary artery system. 
Muchh research has been performed on this hypothesis, but in the past years 
conflictingg experimental findings regarding the patency of laser channels 
andd their (in)ability to increase the blood flow to ischaemic myocardium 
hass gradually led to the rejection of this hypothesis [69]. 

TheThe angiogenesis hypothesis 
Angiogenesiss as an explanation for the clinical efficacy of TMLR has two 
aspects:: An increased vascular density in the ischaemic area followed by 
ann increase in local perfusion. 

Ann increase in vascular density in the treated area has been 
demonstratedd in many animal studies as well as in human post-mortem 
observationss (as described in chapter 3) and is believed to be induced by a 
locall  inflammatory response leading to a locally enhanced production of 
vascularvascular growth factors by inflammatory cells. Several experimental 
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studiess showed the upregulation of angiogenic and inflammatory cytokines 
afterr TMLR [78,79]. Thus angiogenesis is probably a non-specific healing 
responsee to myocardial injury. It is not known what kind of damage 
(thermal,, mechanical or other) gives the optimal angiogenic trigger. A 
recentt study demonstrated that TMLR was superior to transmyocardial 
mechanicall  implants in inducing angiogenesis and arteriogenesis with 
enhancedd regional myocardial blood flow measured by positron emission 
tomographyy (PET) [80]. Recently, alternative methods to create channels 
withh enhanced angiogenesis have been explored using transmyocardial 
coilss inside the channels [81] or, more promising, TMLR in adjunct with 
fibroblasticfibroblastic or vascular endothelial growth factors. Recent experimental 
studiess in pigs using these growth factors showed a synergistic action when 
combinedd with TMLR [82,83]. 

Ann increase in perfusion following angiogenesis is essential when the 
angiogenesiss hypothesis has to explain the clinical improvement after 
TMLR.. None of the experimental animal studies that assessed perfusion 
(semi-)acutelyy after TMLR showed any increase in perfusion or flow. 
However,, in contrast, all experimental studies that assessed perfusion 
44 weeks after treatment or later demonstrated improved perfusion. This 
differencee can logically be attributed to the time required for new vessels to 
grow.. In humans only one [74] out of five randomised clinical trials [71-
77]]  report an increase in perfusion. Therefore, at present it is doubtful and 
unclearr whether and to what degree angiogenesis plays a role in the 
workingg mechanism of TMLR. 

TheThe denervation hypothesis 
Thee third mechanistic explanation originates from the observation that 
manyy patients experience relief of angina within days after treatment. This 
acutee improvement cannot be explained by angiogenesis but may be 
explainedd by myocardial denervation. The perception of anginal pain is 
believedd to be transported to the brain through cardiac nociceptors and 
afferentt sympathetic fibres [84], These fibres are located superficially in 
thee epicardium [85] and arc easily accessible by epicardially orientated 
laserr treatment. Indications that denervation may relieve angina are the 
reportedd beneficial effects on angina of neuromodulating therapies such as 
SCSS [39] and TEDA [86]. Another interesting observation is the absence of 
anginall  complaints in heart-transplant patients with extensive coronary 
arteryy disease. There is much evidence that TMLR can induce denervation, 
includingg three studies in humans (refs [87,88] and chapter 4 of this thesis). 

- 3 0 --



Introduction:Introduction: treatment of (refractory) angina 

OtherOther hypotheses 
Throughh the years, several other hypotheses for the mechanism of action 
havee been suggested. They include scar production leading to an improved 
cardiacc compliance and efficacy [89-91], myocardial destruction resulting 
inn a redistribution of blood flow and improved oxygenation of surviving 
myocardiumm [92], a photo-acoustically induced change of conduction of 
ischaemicc myocardium resulting in improved contractility and function 
[93],, and a combination of mechanisms. Additionally, anuLher mechanism 
hass been suggested which might play a role in the long-term relief of 
anginall  pain: TMLR relieves angina acutely by any of the working 
mechanismss suggested above, followed by an increase in exercise in 
individuall  patients, resulting in an increase of shear stress in myocardial 
vesselss and stimulation of angiogenesis in the myocardium. Although they 
havee been suggested as mechanisms, for these hypotheses no or littl e 
researchh has been performed and no or littl e evidence is available to make 
aa funded statement on their (clinical) significance. 
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PARTT 3: 

AIMM  AND STRUCTURE OF THI S THESIS 

Thee research presented in this thesis has the following aims: 
1)) To evaluate the efficacy and safety of TMLR in patients with refractory 

anginaa using a XeCl excimer laser; 
2)) To evaluate the effect of TMLR on myocardial perfusion and function 

andd to provide insight into the main hypotheses of the working 
mechanismsmechanisms responsible for the clinical improvement after TMLR; 

3)) To gain insight in the diagnostic value of myocardial perfusion 
scintigraphyy and its implications for the clinical course and therapy in 
patientss with refractory angina, contributing to a proposal for a 
treatmentt guideline. 

Too achieve these aims the literature was studied and clinical research has 
beenn performed. 

Chapterr  2 illustrates the use of echocardiography in TMLR. 
Chapterr  3 describes the histological findings in a patient that died 
33 months after excimer TMLR, demonstrating angiogenesis in and around 
laserr channel remnants. 
Chapterr  4 describes evidence of cardiac denervation due to TMLR in 
88 patients using l23I-MiBG-SPECT scintigraphy. 
Chapterr  5 describes the results of the first randomised clinical trial using a 
XeCll  excimer laser in 30 patients with refractory angina. This study shows 
thee effects on angina class, QOL, myocardial perfusion and myocardial 
function. . 
Chapterr  6 discusses in detail the improvement in QOL after XeCl excimer 
TMLRR as seen in the randomised clinical trial described in chapter 5. 
Chapterr  7 gives an overview of the clinical literature on TMLR. 
Chapterr  8 discusses diagnostic limitations of myocardial perfusion scinti-
graphyy and its impact on clinical course and consequences for treatment in 
patientss with refractory angina. 
Finally,, in chapter  9 the clinical efficacy of XeCl excimer TMLR and the 
workingg mechanisms of TMLR are discussed, and TMLR is positioned in a 
guidelinee proposal for the treatment of refractory angina pectoris, 
incorporatingg the available treatment strategies. 
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Abstract t 

Wee present twö-dimensicmal eehocatrdiographic images of laser-made 
chaorjielss in the myocardium &* &*  experimental model and fa a patient 
treatedd wiraTMLR, 

34 4 

i a ^ M ^ ^ ^ ^ ^ É É M ^ ^ B ^ i A i i 



_ ___ . _ _ Echocardiography in TMLR 
Introductio n n 

Transmyocardiall  laser revascularisation (TMLR) is a new treatment of 
patientss with severe angina for whom no other reperfusion therapy is 
possible.. During TMLR , channels are made through the myocardium that 
aree believed to persist as channels from intracavitary to intramyocardial, 
thuss perfusing the myocardium [94,95], The channels are made with either 
aa CO-> laser, which has an articulated aim to irradiate and vaporise the 
tissuee directly, or a 1 mm fibre, coupled into an excimer or HorYAG laser 
thatt emits a small beam, which ablates the myocardium in the channel. 
Percutaneouss myocardial revascularisation (PMR) with catheter-based 
laserr techniques also is being developed. Transoesophageal echocardio-
graphicc guidance of the procedure is possible because of a strong 
intracavitaryy contrast effect from gas-bubble formation that is observed 
whenn the laser beam enters the cavity [96]. 

Casee 1 

Ann experimental pig model was used to test the procedure. After induction 
off  general anaesthesia, sternotomy and pericardiotomy were performed to 
exposee the heart. An excimer laser (MAX-20; Medolas, Munchen, 
Germany)Germany) was used to make laser channels in the myocardium at 1 cm 
intervalss to cover the anterior and lateral wall. The laser was operated at 
400 mj/pulse at a pulse frequency of 40 Hz to perforate the 1.6 to 1.8 cm 
thickk myocardial wall in approximately one second. Echocardiography was 
performedd with a 5 MHz monoplane transoesophageal probe {Hewlett 
Packard,Packard, Andover, Mass, USA) held to the epicardial surface. Figure 1 
showss the intramyocardial laser channels observed during and after the 
procedure.. Channels were visible up to 15 minutes after the procedure. 

Casee 2 

AA 58-year-old man with a history of angina for several years had 
undergonee PTCA and CABG. Neither re-PTCA nor re-CABG was 
consideredd an option to manage the recurrent angina. The existence of 
ischaemiaa was demonstrated with myocardial perfusion scintigraphy 
(MPS).. The patient had a normal left ventricular function. 
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li«uree 1. Epicardial echocardiogram of pig heart before (A) and after (B) transmyocardial laser 
channelss were made. Arrows indicate multiple longitudinal channels through the myocardium. 

Ii«uree 2. I ransoesopha«eal echocardiogram of a patient during transmyocardial laser 
revascularisation.. A: The laser fibre protrudes into the left ventricular cavity. B: The laser channel is 
stillstill  visible after removal of the laser fibre. 
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Fifty-fiv ee laser channels were made in the anterolateral wall through a 

laterall  thoracotomy with the same excimer laser. The laser action was 
ECG-triggeredd by means of opening a shutter on the R-wave for 120 ms to 
alloww 4-5 pulses per cardiac cycle. The 0,9 to 1,0 cm thick myocardium 
wass perforated in 3 to 4 cardiac cycles. The procedure was guided with 
transoesophageall  echocardiography. Figure 2A shows the laser fibre in the 
leftt ventricular cavity. In figure 2A no intracavitary contrast medium is 
visiblee because firing of the laser is stopped when the fibre has entered the 
cavity.. \n figure 2B the intramyocardial laser channel can be seen after the 
fibrefibre is removed. The contrast in the channels disappeared gradually within 
2-33 minutes. The patient recovered uneventfully and had improved exercise 
tolerancee and a decreased extent of ischaemia on MPS 3 months after the 
procedure. . 

Discussion n 

Transmyocardiall  laser revascularisation makes small laser channels by 
meanss of ablating tissue. This produces gas-filled microbubbles on entering 
thee left ventricular cavity that have a strong contrast effect at 
echocardiographyy [97], This enables the sonographer to guide the surgeon 
inn making the channels in the correct ischaemic area and offers additional 
safeguardss by preventing unnecessary microbubble generation with the 
potentiall  for systemic embolisation and by preventing damage to the mitral 
valvee apparatus. When the fibre enters the cavity without contrast effect if 
thee laser beam is ECG-triggered and happens to shut off on entering the 
cavity,, the laser needle can still be visualised with echocardiography. ECG-
triggeringg is a safety measure to prevent ventricular arrhythmia during 
TMLR.. The images herein demonstrate that it is possible to delineate the 
intramyocardiall  channels, enabling precise echocardiographic location of 
thee laser channels. The disappearance rate of the intramyocardial contrast 
effectt appears to be different in pig and human hearts, possibly because of 
thee differences in thickness of the myocardium. 
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Abstract t 

Wee present for the first time histological findings 3 months after clinical 
TMLRR using a XeCl excimer laser. 

Inn the treated myocardium, no patent channels were found but scars 
weree seen with a linear distribution and in continuity with circumscribed 
smalll  fibrotic endocardial and epicardial scars. The scars were highly 
vascularisedd by new vessels, ranging from small capillaries to large thin-
walled,, and sometimes branching ectatic vessels. Sprouting of vessels into 
thee adjacent myocardium was also observed. 

Thesee results suggest that angiogenesis might play a role in the clinical 
improvementt after TMLR. 
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Introductio n n 

Transmyocardiall  laser revascularisation is an experimental technique used 
too treat patients with severe angina pectoris refractory to conventional 
therapiess such as coronary angioplasty or bypass surgery. In ischaemic but 
viablee myocardium transmyocardial channels with a 1 mm diameter are 
createdd using laser light. Three different types of lasers are clinically used: 
AA high power CO* laser, a Ho:YAG laser and a XeCi excimer laser. 
Althoughh the treatment has been under investigation for almost two 
decades,, significant clinical improvement has only recently been shown in 
randomisedd clinical trials [72-76]. However, to date uncertainty and 
discussionn prevails about the underlying working mechanism of this 
improvement.. Post-mortem histology could contribute to gaining insight in 
thiss mechanism. So far, only post-mortem histology of human myocardium 
treatedd with a C02 laser has been reported. Our aims are (a) to present here 
thee first case of human myocardium treated with a XeCl excimer laser, 
obtainedd from a patient who died 3 months after the intervention, and (b) to 
revieww the available clinical histology and compare it with our findings. 

Patientt  history 

Thee patient was an 81-year-old man whose cardiac history included a 
CABGG in 1973 and 1984, followed by seven PTCA procedures, both in 
nativee vessels and in grafts, between 1984 and 1993. All these treatments 
weree without long lasting improvement of anginal symptoms. In 1993 he 
sufferedd an anterior wall infarction after which he was admitted to the 
hospitall  several times for unstable angina. At referral to our hospital he 
presentedd with angina pectoris functional class IV/IV (NYHA 
classification)) under maximal tolerable medication, caused by severe 
three-vessell  disease considered untreatable with re-CABG or re-PTCA. 
Thee LVEF was 45% and myocardial perfusion scintigraphy showed 
reversiblee ischaemia in the anteroseptal and anterolateral region with 
correspondingg hypokinesia on stress-echocardiography. With these 
findings,findings, the patient was considered eligible for stand-alone TMLR and he 
wass included in a TMLR pilot study in our hospital. 

Underr general anaesthesia, a left lateral thoracotomy was performed and 
500 transmyocardial laser channels were created in the ischaemic 
anterolaterall  region of the left ventricular wall. Approximately one 
transmyocardiall  channel per cm" was created with a XeCl excimer laser 
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(Medolas(Medolas MAX-20, Munich, Germany) at 308 nm. A catheter was used 
withh a tip diameter of 1 mm. An ECG-trigger device, developed at our 
hospital,, was used in conjunction with the laser. This device operates a 
shutterr that is positioned in the laser beam, just before the beam is coupled 
intoo the fibre. The laser was operated at 40 Hz and 40 mJ/pulse (pulse 
durationn 110 ns). In combination with the trigger device on average 
4-55 pulses were fired during each cardiac cycle. The fibre tip was advanced 
intoo the myocardium until perforation was confirmed by transoesophageal 
echocardiography.. Using these settings, the myocardium was perforated in 
ann average of three to four triggered cardiac cycles. 

Peri-operativelyy the patient was haemodynamically stable. There was a 
slightt CK-MB elevation up to 71.1 ug/1 without signs of a localised 
myocardiall  infarction on ECG or echocardiography. He was discharged 
fromm the hospital 8 days after surgery but readmitted 4 days later with a 
severee pneumonia. Following a complicated post-operative period he died 
888 days after TMLR due to respiratory insufficiency. During this period 
theree had been no primary cardiac complications. Permission was obtained 
forr a full autopsy. 

Pathology y 

Thee heart was hypertrophied (heart weight 620 g) and showed moderate 
dilatationn of both ventricles. Several pericardial adhesions were seen at the 
anteriorr left ventricular wall, which was also the site of TMLR. The 
remainingg epicardium of the heart was remarkably free of adhesions. The 
TMLRR area was marked with pins, the heart chambers were flushed with 
4%% formalin and fixed for a period of one week. Both ventricles were cross 
sectionedd in 1 cm segments perpendicular to the long axis of the heart, 
whichh revealed patchy areas of fibrous scarring. From the area enclosed by 
thee pins 18 transmural tissue blocks were taken for histology. Of all tissue 
blockss 5 urn serial sections were cut and at 100 urn intervals two sections 
weree stained with haematoxylin & eosin (H&E) and elastin Van Gieson 
respectively.. Adjacent serial sections of interesting H&E sections were 
mountedd for immunohistochemistry and for a Perl stain to detect iron 
deposits.. In a Streptavidin Biotin Complex method antibodies were applied 
forr recognising endothelial cells (anti-Von Willebrand factor, anti-VWf, 
DAKO,DAKO, dilution 1:500), macrophages (anti cd68, DAKO, dilution 1:400), 
T-lymphocytess (anti cd3, Becton & Dickinson, dilution 1:100), 
B-lymphocytess (anti cd79a, dilution 1:50), smooth muscle cells (SMA-1, 
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AngiogenesisAngiogenesis three months after TMLR 
DAKO,DAKO, dilution 1:400) and the proliferation associated nuclear antigen 
Ki67(MIB-l ,, DKWOVO, dilution 1:100). 

Onn low power view, in all sections areas of fibrosis were noticed amidst 
hypertrophicc myocardium. These areas were characterised by cellular 
connectivee tissue containing fibroblasts and foci of mononuclear cells 
(majorityy of cd68+ macrophages, cd3+ T-cells and a few clusters of 
cd79a++ B-cells). Moreover, areas with deposition of iron pigment were 
seenn in macrophages and the interstitium, indicating previous haemorrhage. 
Thee connective tissue was highly vascularised by vessel structures, ranging 
fromm small capillaries to large thin-walled and sometimes branching ectatic 
vesselss lined with flat endothelium (anti-VWf+) and a media consisting of 
1-33 layers of smooth muscle cells (alpha-actin+) (figure 1). These ectatic 
vesselss contained red blood cells and often extended into the adjacent 
hypertrophicc myocardium. In between, we found scars with a linear 
distributionn and in continuity with small, circumscribed fibrotic scars of the 
epicardium,, which was otherwise composed of fat tissue. Circumscribed 
scarss of similar size were also noticed at the endocardial surface. 
Interpretingg these epi- and endocardial scars as highly suggestive for 
respectivelyy the site of entrance and exit of laser fibre (see figure 2), nine 
channell  scars were identified. Additionally, at three sites linear areas of 
vascularisedd connective tissue without obvious continuity with an 
epicardiall  or endocardial scar were found. These sites were also considered 
too be channel remnants. Patent channels were not observed, neither were 
connectionss present between large ectatic vessels and the endocardium. 
Ki677 staining was positive in a number of T-cells and macrophages, but 
wass always negative in endothelial cells or smooth muscle cells of vessels. 
Inn addition to the cellular scar tissue described above, a few areas included 
densee sclerotic hypocellular connective tissue. 

Discussion n 

Too our best knowledge, we present in this paper for the first time post-
mortemm histology of a patient treated with XeCl excimer TMLR. We did 
nott see any patent channels and our findings indicate that vessel growth 
mayy not only occur inside the remains of the channels but also extends into 
thee surrounding myocardium. Until now, the clinical post-mortem literature 
onn TMLR has only reported on C02 laser findings. These papers mainly 
discussedd channel patency and few papers also reported on 
neovascularisation.. No human post-mortem histology has been reported 
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Figuree 1. High power view of large ectatic vessels (arrows, not all vessels indicated) in an area 
withh scarring fibrosis and remnants of myocardium. Anti-alpha actin slain reactive with vascular 
smoothsmooth muscle cells. Original magnification x 125. 
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Figuree 2. Example of a linear scar in continuity with the epicardium. showing large ectatic vessels 
inn loosely arranged connective tissue, with sprouting of vessels (arrow) to adjacent myocardium. 
Anti-Anti-11 Wf antibody staining reactive with endothelial cells. Original magnification x 80. 
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afterr Ho:YAG TMLR. However, experimental results of this (and other) 
laser(s)) have been described in detail by Whittaker in a review on the fate 
off  myocardial channels [98]. 

Thee primary goal of post-mortem histological analysis should be to gain 
insightt into the working mechanism underlying clinical improvement after 
TMLR.. The most discussed and investigated hypotheses have been direct 
bloodd flow from the left ventricle into the myocardium through patent 
channelss [67], denervation of the myocardium resulting in a reduced 
perceptionn of anginal pain [99] and induction of angiogenesis leading to 
improvedd perfusion in the ischaemic area [100]. Other hypotheses include 
improvedd cardiac compliance [91], improved oxygenation of surviving 
myocardiumm by a redistribution of blood flow [92], or placebo. Given the 
findingss in our patient and the fact that we could not assess denervation, we 
wil ll  focus on channel patency and neovascularisation. 

Off  50 created channels, only nine (18%) could be identified at post-
mortemm investigation. None of these remnants showed any form of lumen 
orr central passage, which could have contributed to direct perfusion from 
thee ventricular cavity into the myocardium. This finding is in accordance 
withh clinical C02 laser reports showing non-patent channels [101-104]. In 
contrast,, other clinical C02 laser reports claim patent channels in patients 
att a time span ranging from 2 hours to 4 years after TMLR [105-108]. 
Resultss of human post-mortem histology have been described in 
188 patients (not including the one described here). In 78% (14 patients) 
non-patentt channels were reported after TMLR and in 22% (4 patients) 
patentt channels were seen. Recently, in five published randomised trials 
clinicall  improvement (defined as a decrease after one year of at least 
22 angina classes) was found in 56% of a total of 331 patients that received 
stand-alonee TMLR. If channel patency is the mechanism underlying the 
clinicall  improvement, the percentage of patients having patent channels at 
post-mortemm investigation is expected to be similar or higher than the 
percentagee of patients showing clinical improvement. Since the percentage 
off  patients with patent channels is much lower (22%), it is unlikely that the 
clinicall  improvement is caused by (blood flow through) patent channels. 
Onlyy 1 of the 18 patients died at the same time as the patient described in 
thiss paper. In that patient the investigators found multiple patent channels 
containingg red blood cells and concluded that the channels were not only 
openn but also functional. We do not think that this difference with our 
findingss should be attributed to the different laser-myocardium interaction 
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off  the CO: and the excimer laser, given the fact that other CO: publications 
reportedd closed channels at both shorter and longer time spans after TMLR. 

Thee hypothesis of enhanced angiogenesis has gained interest during the 
lastt years. Neovascularisation in the zone surrounding the channels would 
improvee perfusion in ischaemic myocardium and is thought to be induced 
byy an increase in local growth factor production following the laser 
irradiation.. This improvement can either be achieved through connections 
withh native vessels of the surrounding 'healthy' myocardium or by way of 
redistributingg the blood flow within the ischaemic area. The latter 
mechanismm could be effective if the ischaemia is not completely transmural 
butt predominantly epi- or endocardial. In the post-mortem investigation of 
thee patient presented here, angiogenesis was seen in the fibrotic channel 
remnantss and in the adjacent myocardium. It is likely that the original 
channelss were completely filled with clots and that reorganisation of these 
clotss as well as the thermally damaged tissue adjacent to the original 
channell  resulted in scar formation and angiogenesis. Not all reports on 
humann post-mortem histology have described the presence (or absence) of 
neovascularisationn in the treated area. In one report on a patient 4 years 
afterr TMLR, "an increase in the number of vessels in the laser area" was 
describedd without specifying the nature of these 'vessels' [105]. In this 
patient,, patent channels were claimed to be found. In four papers that 
reportedd on non-patent channels, (neo)vascularisation was investigated 
[101-104].. Of the 14 patients described in these papers, 10 died 2-15 days 
afterr TMLR and, as might be expected after such a short time, no 
neovascularisationn was seen. Two of the other 4 patients died at 
respectivelyy 20 and 24 days after TMLR and the presence of mostly thin-
walledd capillaries was described in the channel remnants. However, in 
thesee 2 patients these capillaries were not found outside the fibrotic 
channell  remnants [101,102], In hearts of the remaining 2 patients (1 patient 
diedd 5 months after TMLR and the other received a heart transplant 
99 months after TMLR), formation of new vessels was found both inside 
andd outside the fibrotic channel remnants. In the patient that died 5 months 
afterr TMLR "occasionally a link between the capillary network in the laser 
createdd channels and the original small myocardial vessels" was found 
[103].. In the native heart that was explanted 9 months after TMLR 
"multiplee vessels within the channel remnant and adjacent to the channel" 
weree observed, with a positive cd31 and anti-VWf staining, demonstrating 
thee presence of endothelial linings. Furthermore, capillary vascular density 
analysiss on randomly chosen lased areas showed a mean vessel count that 
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wass 2.5 times higher than in non-lased areas of the left and right ventricle 
[104],, Although we used an excimer laser and not a CO2 laser, our result of 
sproutingg of vessels to the myocardium adjacent to the channel remnant 
888 days after TMLR, is in accordance with the findings in these last 
22 patients. A pattern of abundant vascularisation including large ectatic 
vesselss is also observed in the healing phase of 'normal' myocardial 
infarction.. It is likely that the multiple small infarctions made during 
TMLRR and 'normal' myocardial infarctions follow the same cascade of 
eventss leading to sprouting of new vessels. Consequently, the angiogenic 
responsee found after TMLR is likely just part of a normal healing process 
followingg myocardial injury. However, in TMLR the injury has a 
predefinedd pattern, is controlled and smaller compared to a myocardial 
infarction.. Thus, although injury is inflicted, the advantage of increased 
vascularr density may be larger than the disadvantage of the myocardial 
destruction. . 

Inn conclusion, the pathologic characteristics found in this patient 
indicatee that clinical TMLR using an excimer laser causes damage that 
resembless the majority of post-mortem histology following clinical TMLR 
usingg a C02 laser: Scarring of the myocardium without any evidence of 
channell  patency. The scars are highly vascularised with sprouting of 
vesselss into surrounding myocardium, indicating induced angiogenesis. 
Perfusionn through these new vessels might be the explanation for the 
excellentt results 5 years after TMLR that have recently been reported 
[109]. . 
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Abstract t 

Thiss study was designed to investigate whether TMLR induces myocardial 
denervation,, and to correlate this with myocardial perfusion and clinical 
status. . 

TMLRR was performed using a Ho:YAG (n = 3) or XeCl excimer laser 
(nn = 5). Pre- and post-operative ,:3I-MiB G SPECT scintigraphy to assess 
cardiacc innervation and perfusion scintigraphy were performed. 
Furthermore,, NYHA functional angina class and QOL were assessed. 

Inn all patients, post-operative 123l-MiB G SPECT showed significantly 
decreasedd uptake and therefore sympathetic myocardial denervation up to 
166 months follow up (average pre- and post-operative summed defect 
scoress 14.8  5.3 and 24.5  4.2 respectively; p = 0.00005). In 86% of 
segmentss the decreased MiBG-uptake could be correlated to the treated 
area.. In all patients, angina was reduced by > 2 classes at 12 months follow 
upp and QOL improved significantly. 

Inn conclusion, TMLR-induced improvement of angina and QOL can be 
explainedd by destruction of nociceptors or cardiac neural pathways, 
changingg the perception of anginal pain. 
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Introductio n n 

TMLRR is a therapy for severe angina pectoris refractory to anti-anginal 
medication,, PTCA and CABG. At low operative risk, C02 and Ho:YAG 
TMLRR relieves angina pectoris [72-76] and improves QOL [72-74,77] and 
exercisee time [72,73,75,76]. Furthermore, non-randomised XeCl excimer 
TMLRR achieves similar anginal relief [110,111]. However, the angina-
relievingg mechanism is still poorly understood and probably multi-
factorial,, reducing acceptance of TMLR. The original idea that direct 
perfusionn from the left ventricle through the laser channels improves 
myocardiall  perfusion [68] currently has littl e support [69], Other 
hypothesess are TMLR-induced stimulation of angiogenesis [ 100] or 
destructionn of cardiac nociceptors and afferent nerve fibres [99], which is 
investigatedd in the study reported here. Only one other clinical study has 
reportedd sympathetic myocardial denervation after Ho:YAG TMLR [87]. 
However,, in that study 2 (of 8) patients post-operatively showed increased 
myocardiall  innervation and 5 patients had diabetes mellitus, introducing 
possiblee interference through diabetic neuropathy. Furthermore, 
denervationn location was not correlated with the treated area. 

Inn the present study we divided the heart in segments, and related 
changess in sympathetic innervation with treated area, perfusion and clinical 
performancee in patients treated with Ho:YAG or XeCl excimer TMLR. We 
excludedd confounding factors such as pre-operative myocardial infarction 
andd diabetes mellitus in all but one patient. 

Patientss and methods 

StudyStudy design 
Patientss were recruited from a randomised clinical trial investigating the 
clinicall  efficacy of Ho:YAG and XeCl excimer TMLR (see chapters 5 and 
6).. Inclusion criteria were angina pectoris NYHA functional class III-IV/I V 
(nott eligible for PTCA or CABG as determined by an experienced cardiac 
surgeonn and interventional cardiologist at the trial centre), a scinti-
graphicallyy proven reversible perfusion defect, a LVEF > 35%, and a life 
expectancyy > 1 year. Exclusion criteria were ventricular arrhythmias 
requiringg treatment, clinically manifest heart failure, severe intrinsic 
haemorrhagicc disorders and lack of informed consent. 

Betweenn March 1998 and June 2001, 30 of 118 patients screened for 
TMLRR were included in the RCT of which eight were included in the study 
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reportedd here. All other patients included in the randomised trial were 
excludedd for this study either because of diabetic neuropathy or because of 
previouslyy documented myocardial infarction (CK-MB imx> 25 ug/1), since 
denervationn and regeneration of neural tissue occurs in varying degrees in 
viablee myocardium adjacent to infarcted myocardium. '" Iodine-labelled 
meta-iodobenzylguanidee (123I-MiBG) SPECT scintigraphy was performed 
att baseline and post-operatively at 1 (n = 5), 4 (n = 1), 9 (n = 1) or 
166 (n = 1) months follow up. Myocardial perfusion was evaluated by 
Wmtechnetium-labelledd tetrofosmin (99mTc-TF) SPECT scintigraphy at 
baselinee (at 3 months  3 weeks before TMLR) and at 3 and 12 months 
followw up. Angina class, QOL and exercise time were assessed at baseline, 
3,, 6 and 12 months. The in-hospital medical ethical committee approved 
thee study and all patients gave written informed consent. The funding 
agencyy played no role in data interpretation. 

AnginaAngina class, QOL and exercise tolerance 
Anginaa class was assessed by one investigator (JAPvdS), QOL was 
assessedd using the Seattle Angina Questionnaire (SAQ) [112] and the 
EuroQoll  Standardised Questionnaire's Visual Analogue Scale (VAS) 
[113],, ranging from 0% (worst imaginable health) to 100% (best 
imaginablee health), and exercise tolerance was assessed using a modified 
Brucee protocol. 

MyocardialMyocardial perfusion scintigraphy (MPS) 
MPSS was performed according to the guidelines of the American Society 
off  Nuclear Cardiology [114], using 99mTc-TF and a 2-day stress/rest 
protocol.. Stress was induced by exercise (bicycle ergometry) or, if exercise 
wass not possible or suboptimal, or if patients had a left bundle branch 
block,, it was induced pharmacologically (0.14 mg/kg/min adenosine for 
66 minutes). For each individual patient, the stress modality used at baseline 
wass also used at follow up. 

Al ll  patients fasted four hours before perfusion scintigraphy. WmTc-TF 
(approximatelyy 500 MBq; Nycomed Amersham, Buckinghamshire, UK) 
wass injected at maximal exercise or after 4 minutes of pharmacological 
stress,, and also at rest. SPECT was performed one hour after 99mTc-TF 
injection.. Images were obtained with the patient in prone position using a 
three-headedd gamma camera (MultiSPECT-3, Siemens, Hoffman Estate, 
Illinois),Illinois), using low energy high resolution collimators, a 20% energy 
windoww centred on the [99mTc] 140 keV photopeak, 20 views/camera-head, 
455 s/view in a 64x64 matrix using the camera auto-contour facility and 
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standardd filtered back projection without applying attenuation correction. 
Shortt axis slices were obtained and used for a segmental bull's eye 
reconstructionn (see figure 3F). Stress and rest images were scored using a 
validatedd and widely used three-dimensional sampling and analysis 
algorithm,, which generates a five-point WmTc-TF uptake score (a measure 
forr myocardial perfusion) for each myocardial segment [115]. Uptake was 
classifiedd as normal (0), equivocal abnormal (1), mildly abnormal (2), 
moderatelyy abnormal (3) or seveicly abnormal (4). With this classification, 
thee algorithm used the stress and rest scans to calculate (per patient) a 
summedd stress score (SSS), summed rest score (SRS) and summed 
differencee score (SDS, which is generated from the SSS and SRS). Since 
thee two basal-septal segments represent the membranous part of the septum 
theyy were excluded from the SDS, leaving the sum of 18 segments. This 
18-segmentt SDS was used in further analyses. The nuclear medicine 
physicianss (HJV and BLFvE-S), blinded to treated area and 123I-MIB G 
SPECT,SPECT, reviewed the generated scores per segment. In case of artefact 
scoringg by the algorithm programme, scores were manually adjusted. 

1231231-MiBG1-MiBG SPECT 
MiBGG and noradrenalin have similar molecular structures and both utilise 
thee same uptake and storage mechanisms in sympathetic nerve endings 
[116].. [123I]-labelling of MiBG enables scintigraphic visualisation of the 
cardiacc sympathetic nervous system and uptake is therefore a measure of 
innervation.. As p-blocker therapy affects MiBG-uptake, it is noteworthy 
thatt the dosage of (3-blockers of each individual patient at pre-operative 
MIBGG scintigraphy was identical to that at post-operative MiBG 
scintigraphy. . 

Al ll  patients received a single oral dose of 100 mg potassium-iodine to 
blockk thyroid uptake of free radioactive iodine one hour prior to the 
administrationn of the radiopharmaceutical. SPECT was performed 4 hours 
afterr intravenous administration of 185 MBq of  ,23I-MiB G {Nycomed 
Amersham,Amersham, Buckinghamshire, UK) as described above for WmTc-TF 
SPECT,SPECT, using medium energy collimators, an energy window centred on 
thee [l23I] 159 keV photopeak and 60s/view. Data reconstruction was 
performedd using a Wiener filter. Short axis slices were obtained and used 
too construct the same segmental bull's eye as described above. The fully 
automaticc border-detection feature of a three-dimensional sampling and 
analysiss algorithm [115] was used to delineate myocardial borders. Despite 
MiBG-uptakee in the lungs and liver, in only one out of 16 scans manual 
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correctionn of the automatic delineation was required (performed by the two 
nuclearr medicine specialists), and therefore in 15 12jI-MiB G SPECT scans 
thee automatic delineation was successful. 

Thee programme described above could not be used for the *" I-MiBG 
SPECTT analysis because it is not validated for u~ I-MiBG SPECT. 
Therefore,, !2lI-MiB G SPECT results before and after TMLR were visually 
analysedd by the two nuclear medicine physicians, blinded to treated area 
andd perfusion scintigraphy. However, for each segment, an identical five-
pointt scorings system was used for MiBG-uptake: normal (0), equivocal 
abnormall  (1), mildly abnormal (2), moderately abnormal (3) or severely 
abnormall  (4). For each patient a pre-operative summed score, a post-
operativee summed score and a summed myocardial denervation score 
(SMDS),, defined as post-operative summed score minus pre-operative 
summedd score, was calculated for 18 segments. 

OperativeOperative technique and TMLR procedure 
AA left lateral thoracotomy was performed in the fifth or sixth intercostal 
spacee and TMLR was performed in the ischaemic area of the left 
ventricularr wall as pre-operatively assessed by perfusion scintigraphy. 
Approximatelyy one channel per cm2 was created with excimer TMLR and 
onee per 1.5 cm2 with Ho:YAG TMLR. Trans myocardial penetration was 
confirmedd by transoesophageal echocardiography. 

Thee Ho:YAG laser {NSLX-6, CardioGenesis Corp., Sunnyvale, 
California;California; wavelength 2.1 urn, 2.0J/pulse, pulse duration 350 us, 19 Hz) 
wass used with a 1.9 mm diameter spherically tipped fibre and its own 
triggerr device. The myocardium was perforated by gently and manually 
advancingg the fibre during 2-3 triggered cardiac cycles (3 pulses/cycle). 
Withh the XeCl excimer laser (Max-20, Medolas, Munich, Germany; 
3088 nm, 37 - 40 mj/pulse, 110 ns, 40 Hz), which was combined with a 
hospital-builtt ECG-trigger device, the myocardium was perforated by 
gentlyy and manually advancing a 1 mm diameter flat-tipped fibre during 
3-44 triggered cardiac cycles (4-5 pulses/cycle). 

Basal-septall  and mid-septal segments were not treated to prevent 
damagee to the bundle branches (see figure 3F). Apico-septal segments 
weree sometimes treated through the apex. Immediately after the procedure 
thee surgeon recorded the treated segments by drawing them into a bull's 
eyee presentation of the heart. Post-operative care was identical to that after 
open-heartt surgery. Pre-operative anti-anginal medication was resumed on 
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thee first post-operative day. Myocardial damage was assessed by 
CK-MB™». . 

StatisticalStatistical analysis 
Students'' t-tests (all paired and two-tailed) were used for statistical 
analysess of pre- and post-operative angina class, QOL, exercise time. 

123i i myocardiall  perfusion scintigraphy (SDS) and ~ I-MiBG SPECT 
scintigraphyy (summed scores) n < 0.05 was consider 
aree given as mean  SD. 

edd sigr iiicani.. rvcsuiLS 

Results s 

Tabless 1 and 
characteristics. . 

22 summarise pre-, peri- and post-operative patient 

Patient t M: F F Age e Previous s 
CABG G 

Previous s 
PTCC A 

LVE FF (%) DM Cardiac c 
medication n 

M M 

M M 

M M 

M M 

F F 

M M 

M M 

M M 

61 1 

51 1 

53 3 

60 0 

57 7 

48 8 

59 9 

60 0 

56 6 

53 3 

61 1 

50 0 

5X X 

61 1 

60 0 

55 5 

p-b/Ca/Ni i 

p-b/Ca a 

p-b/Ni i 

p-b/Ca/Ni i 

p-b/Ca/Ni i 

p-b/Ca'Ni i 

p-b/Ca/Ni i 

P-b/Ca/Ni i 

Tablee I . Pre-operative patient characteristics, p-b - p-blocker; Ca = calcium-antagonist; 
CABGG - coronary artery bypass grafting; DM = diabetes mellitus: F = female; LVEF = left ventricular 
ejectionn fraction; M = male; Ni ^ long-acting nitrate; PTCA = percutaneous transluminal coronary 
angioplasty. . 

Patient t Laser r # of f 
channels s 

CK-M B B 
max x 

NYH AA class 
pre-TML R R 

NYH AA class 
3m m 

NYH AA class 
12m m 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
S S 

excimer r 

Ho:YAG G 
excimer r 

excimer r 

Ho:YAG G 

excimer r 

Ho:YAG G 

excimer r 

64 4 
43 3 
59 9 
50 0 
27 7 
50 0 
23 3 
42 2 

23 3 
36 6 

1011 + 
43 3 
2S S 
29 9 
IK K 
25 5 

3 3 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 

meann
SD: : 

excimer: : 
Ho:YAG: : 

533 9 
311  11 

444  }} 
277 9 

3.88 5 
4.00 = 0 

1.8-rr 0.5* 
1.77 = 0.6* 

1.66  0.6* 
2.00  0* 

Tablee 2. Peri- and post-operative patient characteristics. * p < 0.05 compared to preoperative; 
## = number; + due to a small sub-endocardial infarction that did not affect u' I -MiB G scintigraphy; 
mm = months;; NYHA = New York Heart Association; SD = standard deviation. 
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Deliberately,, the number of Ho:YAG laser channels was lower than 

withh the excimer laser since, at the laser settings used, 1.9 mm Ho:YAG 
fibress induce more mechanical and thermal injury than 1 mm excimer 
fibres.. Average in-hospital stay was 9 days for both Ho:YAG and XeCl 
excimerr TMLR. None of the patients died during follow up. 

AnginaAngina class, QOL and exercise tolerance 
Anginaa improved > 2 classes (NYHA) in 7 of 8 patients at 3 months and in 
alll  8 patients at 12 months follow up (table 2). Overall. QOL (figure 1) was 
significantlyy improved at 3 months follow up in all 5 domains of the SAQ 
andd in the VAS. These improvements were still significant at 12 months 
followw up with exception of the treatment satisfaction domain of the SAQ. 
Noo differences were seen between Ho:YAG and excimer laser patients. 
Overall,, TMLR did not improve exercise time (526  201 s pre-operative 
vs.. 558  217 s and 549  222 s at 3 and 12 months respectively). 

p<0.05t t 

pp < 0.05

88 50 
Ifl l 

OO s .' , ^ _ . - —" EuroQuol Visual Analogue Scale 
^.^.'---^^^^ SAQ disease perception 

2 55 "". > ' " ^ " " SAQ angina frequency 
* "" - SAQ anginal stability 

SAQQ physical limitation 

 SAQ treatment satisfaction 

0 0 
Pre-TMLRR 3 months FU 12 months FU 

Timee points 

Figuree I. Results of the Seattle Angina Questionnaire (SAQ) and the KuroQol Questionnaire's 
Visuall  Analogue Scale (VAS). *VA S and all SAQ domains: iVA S and SAQ domains with exception 
off  treatment satisfaction. 

MyocardialMyocardial segments treated by TMLR 
Off  144 segments (8 patients, 18 segments/patient). 74 were treated by 
TMLRR (range 6-14 segments/patient). Furthermore. 63 of 144 segments 
demonstratedd a reversible perfusion defect pre-opcratively, 58 of these 
weree eligible for TMLR (the other 5 were mid-septal segments), and 46 of 
thesee 58 segments (79%) were actually treated by TMLR. Consequently, 
466 of 74 treated segments (62%) pre-operatively showed a reversible 
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perfusionn defect. Of the remaining 28 treated segments, 7 showed a 
minimall  rest score (of 1 or 2) and the remaining 21 showed no defects. 
Figuree 2 summarises the results. 

;-opp erat ive revers ible 
perfusionn defect 
segmentss (n=63) 

TMLR-treated d 
segmentss (n-74; \ \  ^ / ., ,

Positivee myocardial 
enervationn score 

segmentss (n=50) 
Figuree 2. Venn diagram of overlap of segments treated by TML R (dark grey), pre-operatively 
showingg a reversible perfusion delect (light grey) and showing a positive myocardial denervation 
scoree (white). For example, 28 segments pre-operatively showed a reversible perfusion defect, were 
treatedtreated by TMLR and post-operatively did not show denervation. Of the 14 segments that pre-
operativelyoperatively showed a reversible perfusion defect, were not treated and did not show denervation. 
55 were mid-septal segments that could not be treated. Consequently, a total of 58 reversible perfusion 
defectdefect segments were eligible for TMLR. 

""  1-MiBG SPECT and myocardial perfusion scintigraphy 
Tablee 3 summarises the scintigraphic results. Pre-operatively. 27 out of 
622 segments with a decreased MiBG-uptake corresponded with areas at 
riskk on perfusion scintigraphy. All patients showed a positive summed 
myocardiall  denervation score and MiBG-uptake decreased after TMLR in 
45%% of treated segments (figure 2). If we assume that there was no 
significantt difference in the maximum pre- and post-operative MiBG-uptake 

Patient t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
X X 

moann

'"l-YliB GG SPECT scintig 
Pre-TMI. R R 

SS S 
19 9 
19 9 
12 2 
14 4 
X X 
21 1 
18 8 
7 7 

14.88 3 

Post-TMI.R R 

24 4 

SS S 
26 6 
28 8 
22 2 
26 6 
24 4 
30 0 
24 4 
16 6 

5-4.2* * 

raphv v 
SMDS S 

7 7 
9 9 
10 0 
12 2 
16 6 
9 9 
6 6 
9 9 

9.88 1 

Mvocardia a 
Pre-TMI. R R 

SDS S 
6 6 
28 8 
39 9 
14 4 
6 6 
9 9 
3 3 
8 8 

14.11 fc 12.7 

perfusion n 
33 months 

SDS S 
9 9 
16 6 
26 6 
21 1 
12 2 
7 7 
6 6 
3 3 

12.5x7.9 9 

scintig g 
12 2 

11 1 

raphv v 
months s 
SDS S 

8 8 
23 3 
14 4 
22 2 
6 6 
11 1 
6 6 
3 3 

66  7.5 
Tablee 3. Results of I-MiB G SPECT and myocardial perfusion scintigraphy. *p = 0.00005 
comparedd to pre-operative (and p = 0.0002 when excluding patient nr. 6 who had diabetes mellitus 
typee II): SD = standard deviation; SDS _ summed difference score: SMDS - summed myocardial 
denervationn score: SS = summed score. 
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(thatt in each individual was in a non-treated basal segment and that pre-
operativelyy was at the same cardiac location as post-operatively), we may 
concludee that none of the 144 segments showed increased innervation. 
Overall,, in 50 segments, MiBG-uptake was decreased after TMLR and 
333 of these (66%) had been treated. No significant differences in MiBG-
uptakee were found between Ho:YAG and excimer TMLR. On average, 
perfusionn remained unchanged at 3 and 12 months. No post-operative 
increasee in scar size was observed (average SRS was 4.4  5.2 at baseline 
vs.. 6.1  5.0 at 3 months (p = 0.2) and 4.1  4.6 at 12 months). Figure 3 
showss a patient example. 

Pre-operativee Post-operative Subtraction (A-B) 

Figur ee 3. Bull' s eye representation of myocardial innervation and perfusion in a representative 
casee (patient nr . 4) showing denervation after  TMLR . Eight months post-operative I-MiBG 
scintigraphyscintigraphy 'panel Hi shows, compared to pre-operative (panel A), antero-laterallv decreased uptake 
correspondingcorresponding with the TMLR-treated area. Panel C displays the difference between pre- and post-
operativeoperative ' I-MiBG scintigraphy, compatible with denervation in the TMLR-treated area. No 
improvementimprovement in ischacmia was observed in the TMLR-treated area 12 months post-operative (panel El 
comparedcompared to pre-operative /panel D, both panels displayed as reversibility plots). The level of 
radioactivityradioactivity (panels A and B) and difference (C, I) and Id is encoded from low (black) via medium 
(yellow)(yellow) to high (white). Panel F shows the lS-segment model of the left ventricle: 4 basal. 6 mid-
ventricular,ventricular, 6 pre-apical and 2 apical segments. The grey segments, representing the membranous part 
ofof the inter-ventricular septum, were excluded in all analyses. * segments never treated by TMLR; 
MPSS = myocardial perfusion scintigraphy; ANT = anterior; LA T = lateral; INF interior; 
SEPTT = septal. 
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Discussion n 

Ourr results support previous evidence that denervation plays a role in 
anginall  relief after TMLR [87], To our knowledge this is the first 
segmentall  analysis of innervation, correlated to perfusion and TMLR-
treatedd area. Also, because no patient had diabetic neuropathy (because 
onlyy one diabetic was included with no signs of neuropathy), the possible 
interferencee of diabetic neuropathy with the studied denervation effects is 
minimised. . 

DenervationDenervation hypothesis 
Thee denervation hypothesis originates from the observation that TMLR can 
relievee angina within days. Since functional angiogenesis unlikely occurs 
withinn days, anginal relief through direct intervention in (neural) pain 
sensationn by cardiac denervation is thought to play a role. Anginal 
perceptionn is believed to be transported to the brain through cardiac 
nociceptorss and afferent fibres [84]. The latter are located superficially in 
thee epicardium [85] and thus easily accessible by TMLR. Other indications 
thatt interference in neural pathways may contribute to anginal relief are 
beneficiall  effects on angina of neuromodulating therapies such as SCS and 
TEDAA [11,44], Also, diabetics frequently experience silent ischaemia 
(withoutt anginal complaints) because diabetic neuropathy often destroys 
sympatheticc myocardial fibres [117]. Moreover, heart-transplant patients 
lackk angina in the first years after transplantation despite the development 
off  extensive coronary artery disease. 

ExperimentalExperimental evidence 
Experimentall  myocardial denervation studies after TM(L)R show 
conflictingg results [69]. In a canine model, Kwong et al. reported that 
Ho:YAGG TMLR destroys cardiac nerve fibres, as assessed by cardiac 
afferentt nerve function (epicardial bradykinin) and tyrosine hydroxylase 
measurementss 2 weeks post-operatively [99], Using the same assessment 
andd follow up, Yamamoto et al. reported radiofrequency TMR-associated 
denervationn in canine comparable to TMLR [118]. In contrast, Minisi et al. 
[119]]  and Hirsch et al. [120] reported no effect of Ho:YAG TMLR in 
caninee using various acute neural assessments. However, the group of 
Hirsch,, i.e. Arora et al. [121], also studied TMLR-effects (after 4 weeks) 
andd they concluded that remodelling of the intrinsic cardiac nervous system 
mayy account, at least in part, for delayed symptomatic benefits in TMLR 
patients.. Finally, one study, using the same assessment techniques as 
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describedd in the clinical study reported here (MiBG SPECT) in a 3-day 
survivall  porcine model, has reported negligible effect of endocardial 
Ho:YAGG channels (PMR) on denervation [122], This may be explained by 
thee epicardial location of the sympathetic fibres (less damaged by PMR) 
andd because PMR affects myocardium to a lesser extent. These differences 
mayy also explain the reported difference in clinical efficacy between 
TMLRandPMR[123]. . 

ClinicalClinical evidence 
Al-Sheikhh et al. have investigated sympathetic innervation and myocardial 
ischaemiaa with PET-imaging using "C-hydroxyephedrinc (HED) and 
L1N-ammoniaa respectively [87]. In 8 Ho:YAG patients, PET-imaging was 
performedd at baseline and 2 months post-operatively. All patients 
experiencedd improvement of > 2 angina classes. As in our study, TMLR 
didd not significantly affect myocardial perfusion. HED measurements 
showedd decreased innervation after TMLR in 6 of 8 patients and, 
surprisingly,, increased innervation in 2 patients. Pathophysiologically, this 
increasee is difficult to explain. Nevertheless, the authors concluded that 
TMLRR causes sympathetic myocardial denervation without affecting 
perfusion. . 

Comparedd to Al-Sheikh's study, our design has several advantages. 
First,, only one of our patients had diabetes (vs. 5 of 8 in Al-Sheikh's 
study),, which minimises possible interference of neuropathy with the 
scintigraphicc results. In this patient (diabetes type II) no clinical signs of 
neuropathyy were identified. Furthermore, even when excluding this patient 
fromm analyses, the observed denervation in the remaining 7 patients was 
stilll  highly significant (p = 0.0002). Second, we assessed denervation at 1, 
4,, 9 and 16 months and found clinical benefit and denervation at all follow 
up-times.. Given the controversy concerning long-term efficacy of TMLR, 
thiss is an important finding, even though it was investigated in only few 
patients.. Third, this study compares for each of 18 segments the areas that 
showedd denervation vs. the TMLR-treated areas. Out of 74 TMLR-treated 
segments,, 33 segments (45%) showed denervation. Apparently, not every 
transmyocardiall  laser perforation destroys nerves, or at least not enough to 
significantlyy decrease MiBG-uptake. However, since all patients post-
operativelyy showed decreased MiBG-uptake, and all experienced 
significantt clinical improvement, wc hypothesise that this incomplete 
denervationn of treated segments is sufficient to relieve angina. Inversely, 
333 of 50 denervated segments (66%) were treated. Of the remaining 
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177 non-treated segments, 10 were pre-apical or apical segments. As also 
postulatedd by Al-Sheikh et al., denervation of non-treated (pre-) apical 
segmentss may result from proximal ('upstream') lesions that interrupt 
sympatheticc nerve fibres that connect with the apex. Consequently, we 
concludedd that in 86% (43/50) of all segments that showed denervation, 
decreasedd MiBG-uptake could be attributed to TMLR. Why denervation 
occurredd in the remaining 7 non-treated segments is unclear. Although 
myocardiall  ischaernia may play a role in cardiac neuronal damage [124], 
onlyy 3 of the 7 remaining non-treated segments showed ischaernia, leaving 
unexplainedd denervation in 4 segments. These denervated segments were 
distributedd over 3 patients (with 1 month follow up) and one segment 
showedd a denervation score of 2 and 3 segments of only 1. Given our 
methodd of recording the treated area, it is entirely possible that a shift or 
uncertaintyy of some cm may occur in the TMLR polar plot compared to the 
scintigraphicc scans. As a result, this could have led to minor errors in our 
analysiss and this therefore may explain some of the inconsistencies. We 
havee considered three other possible explanations for the denervation in the 
44 segments: i) spontaneous denervation, ii) thoracotomy-related denervation 
orr iii ) a variation in observed MiBG-uptake. However, we rejected them 
becausee i) in our opinion spontaneous denervation is unlikely, given the 
shortt time span used in this study, ii) there is no theoretical basis for 
decreasedd MiBG-uptake solely induced by the thoracotomy and iii ) any 
uptake-relatedd variation would expected to be two-sided. Since none of the 
investigatedd segments showed increased innervation, this last explanation 
alsoo seems unlikely. 

Finally,, we performed both Ho:YAG and excimer TMLR. Despite 
differencess in laser-tissue interaction [69], no laser-specific differences in 
denervationn or myocardial damage (CK-MB) were observed. However, for 
thiss comparison groups were too small to draw definite conclusions. If 
denervationn would be the only working mechanism of TMLR, it is highly 
likelyy that the anti-anginal effect would decrease with re-innervation of the 
myocardium.. Similarly, a return of anginal complaints is observed after re-
innervationn of transplanted hearts. However, a sustained relief might be 
inducedd if the initial TMLR-induccd anginal relief due to denervation 
resultss in, for instance, a change in life style with increased exercise 
(inducingg increased capillary shear rates and arteriogenesis). 
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Conclusion Conclusion 
Inn all Ho:YAG and excimer patients, evidence of denervation was found, 
whilee no improvement was seen in perfusion. The coinciding improvement 
inn angina and QOL suggests that myocardial denervation plays an 
importantt role in the efficacy of TMLR. Consequently, further research is 
indicatedd to investigate whether other methods to induce myocardial 
denervationn might be at least as effective, simpler and cheaper in relieving 
anginaa and improving QOL in patients with severe refractory angina. 
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Abstract t 

CO:: and Ho:YAG TMLR arc used to treat patients with refractory angina. 
Thiss is the first randomised trial to investigate the efficacy and safety of 
XeCll  excimcr TMLR. 

Thirtyy patients with refractory angina were randomised in pairs to 
excimerr TMLR or maximal medication. We assessed angina, quality of 
life,, exercise time, myocardial perfusion and ventricular wall motion at 
baselinee and at 3, 6 and 12 months after TMLR. 

TMLRR patients had a significantly better outcome with respect to 
anginaa class and quality of life. One TMLR patient died pcri-operatively 
vs.. none in the controls. After TMLR angina decreased from class 3.8  0.4 
att baseline to 1.9  0.9 at 12 months, versus 3.9  0.3 to 3.7  0.6 in 
controlss respectively (p < 0.0001). At 12 months, a decrease of > 2 angina 
classess was found in 11 out of 14 TMLR patients vs. none of the controls 
(pp < 0.01). No improved myocardial perfusion or exercise time was found, 
despitee a small decrease in the reversible wall motion abnormality score. 

Inn conclusion, excimer TMLR significantly relieves angina and 
improvess quality of life, without evidence of improved cardiac perfusion or 
function. . 
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Introductio n n 

Transmyocardiall  laser revascularisation is a treatment for patients with 
severee angina pectoris, which cannot be adequately treated with standard 
therapiess such as medication, PTCA or CABG. TMLR aims to decrease 
anginall  pain by creating laser channels in ischaemic viable myocardium. 
Currently,, CO2, Ho:YAG and XeCl excimer lasers are clinically used. 
Significantt clinical improvement has been shown in randomised trials 
usingg CO? and Ho:YAG lasers [71-77], Although clinical improvement 
afterr excimer TMLR has been demonstrated in uncontrolled trials 
[110,111],, randomised excimer data are still missing. On theoretical 
groundss [69], XeCl excimer TMLR may be more effective and safer as 
CO:: or Ho:YAG TMLR. We report the first randomised study comparing 
thee efficacy and safety of excimer TMLR vs. maximal medication only 
(controls).. Additionally, we evaluated quality of life (QOL) and whether a 
beneficiall  clinical effect of excimer TMLR could be explained by 
improvedd myocardial perfusion and function. 

Patientss and Methods 

Patients Patients 
Eligiblee patients were required to have NYHA functional class I1I-IV/I V 
anginaa pectoris despite maximal medication, not amenable to PTCA or 
CABGG (as determined by an independent cardiac surgeon and 
interventionall  cardiologist at the trial centre). Other criteria for enrolment 
weree a scintigraphically proven reversible perfusion defect, a 
LVEFF > 35%, and a life expectancy > 1 year. Exclusion criteria were: 
ventricularr arrhythmias requiring treatment, clinically manifest heart 
failure,, severe intrinsic haemorrhagic disorders, or lack of informed 
consent. . 

Randomisation Randomisation 
Thee study was designed as a randomised, single centre trial with 
300 patients. When two subsequent patients met the criteria, they were 
includedd as a pair, randomised between excimer TMLR and continued 
maximall  medication, and then followed simultaneously for one year. At 
randomisation,, patients assigned to continued maximal medication were 
offeredd to undergo TMLR after one year follow up (and not earlier). The 
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hospitall  ethical committee approved the study and all patients gave written, 
informedd consent. 

TMLRTMLR procedure and medication 
Pre-medicationn was identical to that given to open-heart surgery patients. 
Underr general anaesthesia, a left lateral thoracotomy was performed. The 
pericardiumm was opened and without cardiopulmonary bypass 
transmyocardiall  channels were created in the ischaemic area of the left 
ventricularr wall as assessed by perfusion scintigraphy. Approximately one 
transmyocardiall  channel per cm2 was created with a XeCl excimer laser 
(MAX-20,(MAX-20, Medolas, Munich, Germany; wavelength 308 nm, 
32-400 mj/pulse, pulse duration 110 ns, pulse frequency 40 Hz), combined 
withh a hospital-built ECG-trigger device. The myocardium was perforated 
byy gently and manually advancing a 1 mm diameter flat-tipped fibre during 
3-44 triggered cardiac cycles (4-5 pulses/cycle) under transoesophageal 
echocardiographicc guidance [70]. Manual pressure was usually sufficient 
too stop the channel opening from bleeding. Positive inotropics were 
avoidedd if possible and pre-operative medication was resumed within 
244 hours. Further care was similar to that after open-heart surgery. In all 
patientss maximal medication, defined as maximally tolerable doses of 
p-blockers,, calcium-antagonists and nitrates, was continued. 

FollowFollow up and measurements 
Alll  pairs of patients were seen at the outpatient clinic at baseline and at 1, 
3,, 6 and 12 months after the date of TMLR in one of them. Table 1 
summarisess pre- and post-operative assessment. 

Parameter r 

Clinciall  status (NYHA angina 
class,, medication, clinical events. 
physicall  examination and QOL) 

Exercisee test 
Stress-echocardii  ography 
Myocardiall  perfusion scintigraphy 
Leftt ventricular ejection fraction 

Baseline e 

X X 

X X 

X X 

X X 

X X 

11 month 
 2 weeks 

X X 

--
--
--
--

33 months 
 2 weeks 

x x 

X X 

X X 

X X 

--

66 months 
 2 weeks 

X X 

X X 

X X 

--
--

122 months 
 2 weeks 

X X 

X X 

X X 

X X 

X X 

Tablee 1. Pre (baseline)- and post-operative assessment. NYHA - angina classification according to 
thee New York Heart Association; QOL - quality of life. 

Thee functional angina status was assessed by one cardiologist (JAPvdS) 
usingg the NYHA classification. Changes in medication were recorded as 
welll  as major adverse cardiac events, including hospital admittance, 
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unstablee angina, myocardial infarction, heart failure, arrhythmias and 
death.. In this study, myocardial infarction was defined as new Q-waves on 
thee ECG. Post-operatively, CK-MB washout curves were determined. 

QOLL was assessed during follow' up visits using the Seattle Angina 
Questionnairee and the EuroQol Standardised Questionnaire [112,113]. 

Exercisee tolerance was tested using a (symptom limited) treadmill test 
accordingg to a modified Bruce protocol. Medication was continued during 
thee test. Exercise time and the reason for stopping were recorded. 

MPSS was performed (at baseline, 3 and 12 months) according to the 
guideliness of the American Society of Nuclear Cardiology [114], using 
9t)mtechnetium-labelledd tetrofosmin (WlllTc-TF) and a 2-day stress/rest 
protocol.. Stress was induced by symptom limited exercise or 
pharmacologicallyy if exercise was not possible or suboptimal and in 
patientss with a left bundle branch block. In each patient, the stress modality 
usedd at baseline was also used at follow up. 9gmTc-TF (approximately 
5000 MBq) was injected at maximal exercise or after pharmacological stress 
andd at rest during rest testing. SPECT was performed one hour after 

mTc-TFF injection. Images were obtained with the patient in prone position 
usingg a three-headed gamma camera (MultiSPECT-3, Siemens, Hojfman 
Estate,Estate, Illinois) equipped with low energy high resolution collimators, a 
windoww centred on the [99niTc] 140 keV photopeak, according a step-and-
shoott protocol with 45 s/view. Images were reconstructed using standard 
filteredd back projection without applying attenuation correction. Short axis 
slicess were obtained and an 18-segment bull's eye was reconstructed. 
Stresss and rest images were scored using a three-dimensional sampling and 
analysiss algorithm, which generates a five-point myocardial perfusion 
scoree for each myocardial segment [115]. Perfusion was classified as 
normall  (0), equivocal abnormal (1), mildly abnormal (2), moderately 
abnormall  (3) or severely abnormal (4). The nuclear medicine physicians, 
blindedd to the treatment and date of investigation, reviewed the generated 
scoress per scintigram and segment. In case of artefact scoring by the 
algorithmm programme, scores were manually adjusted. Per patient and 
followw up moment, a summed stress score (SSS), summed rest score (SRS) 
andd summed difference score (SDS, generated from the SSS and SRS) was 
calculated. . 

Stress-echocardiographyy was performed using a HDI 3000 
echocardiographh {Advanced Technologies Laboratories, Bof hell, 
Washington,Washington, USA) or a System V echocardiograph (GE Ultrasound 
MedicalMedical Systems, Milwaukee, Wisconsin, USA). Images were obtained at 
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baselinee and with increasing dobutamine doses (every 3 minutes, 
10/20/30/40/500 ugr/kg/min), until the target heart rate (85% of the gender 
andd age-predicted rate) was achieved or new or increasing wall motion 
abnormalities,, severe angina or ischaemic ECG-changes were observed. 
Thee ischaemic area was qualitatively described by scoring the number of 
involvedd coronary territories (0, 1, 2, or 3) for both reversible and fixed 
walll  motion abnormalities. Stress-echocardiograms were defined non-
diagnosticc if the target heart rate was not reached (without another criterion 
too stop the test) and if echo-windows were inadequate for image 
interpretation.. The test was regarded to be positive if worsening wall 
motionn or a biphasic response of already diminished contracting 
myocardiumm was observed. 

LVEFF was assessed (at baseline and at 12 months) using equilibrium 
radionuclidee angiography, according to the guidelines of the American 
Societyy of Nuclear Cardiology [114]. 

Ambulantt 24-hour ECG was assessed using a Medilog Excel 2 and 
MR455 recorder (Oxford Instruments, Abingdon, Oxon, United Kingdom). 
Thee occurrence of ventricular arrhythmias (> 5 premature ventricular 
contractionss / min and of ventricular tachycardia) was recorded. Episodes 
off  angina were recorded in a patient diary. 

EndpoinisEndpoinis and statistical analysis 
Thee primary endpoint was improvement of angina at 12 months follow up 
afterr TMLR compared to the controls. Secondary endpoints were medical 
treatment,, clinical events, QOL, exercise time and myocardial perfusion 
andd function. 

Therapeuticc efficacy was defined as an improvement in angina of 
>> 2 classes in 40% of the TMLR patients compared to no improvement in 
thee control group (a = 5%, 1-p = 80%). Loss to follow up was expected to 
bee < 10%, resulting in negligible loss of power. 

Inn both groups, missing QOL scores and exercise times (in between 
baselinee and 12 months follow up) were substituted using linear 
interpolation.. When the first scheduled post-operative follow up was 
missingg in the TMLR group (e.g. 1 month QOL or 3 month exercise data), 
thee average (TMLR) group changes were used to calculate substitutes for 
thee missing values. Deceased patients were included in the analysis of 
baselinee characteristics (table 2) but excluded from the overall results. In a 
subanalysiss (of angina, Visual Analogue Scale of the EuroQol Standardised 
Questionnairee and exercise time) deceased patients were taken into account 
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byy including their baseline values at 1,3,6 and 12 months (last observation 
carriedd forward). If no diagnostic stress-echocardiogram was available at 
baselinee or at 12 months, the results at 3 or 6 months were extrapolated if 
noo relevant clinical events had occurred. 

Resultss are given as mean  standard deviation (SD), number of patients 
(n)) or frequency (%). We used two-tailed independent-sample /-tests to 
comparee the groups and, within groups, two-tailed paired /-tests to compare 
resuitss at basciine and 12 month follow up. 

Results s 

Patients Patients 
Betweenn March, 1998 and June, 2001, 30 out of 118 referred patients were 
included.. No patients were lost to follow up. No data were missing at 
baselinee and at 12 months. The clinical characteristics of the two groups at 
baselinee were the same (table 2). 

SurgicalSurgical and peri-operative data 
Duringg TMLR 46  10 channels were made. Transoesophageal 
echocardiographyy confirmed transmyocardial perforation in 88% of 
6966 channels. One channel required epicardial suturing to stop the 
bleeding.. Skin-to-skin and TMLR-procedure times were 111 2 and 
244  11 minutes respectively. No significant arrhythmias or bleedings were 
observed.. Four patients developed post-operative myocardial infarctions 
(CK-MBmaxx values of 101, 108, 221 and 697 u.g/1, respectively). One 
patientt (CK-MBmax = 697 ug/1) developed the infarction during the 
operationn and died the same day (total one-year mortality of 6.7% in the 
TMLRR group). The 11 patients without peri-operative myocardial 
infarctionn all had CK-MBmax values lower than 45 jig/1 (mean 27  9 ug/1). 
Twoo of the 14 surviving patients developed a post-operative pneumonia. In 
one,, 21 days of mechanical ventilation was necessary, resulting in a 
511 days in-hospital stay. The remaining 13 patients had 22  9 hours 
mechanicall  ventilation and 9  1 days in-hospital stay. 

Endpoints Endpoints 
AnginaAngina class 
Changess in the NYHA angina class are shown in table 3 and figure 1. At 
122 months follow up, 11 out of 14 TMLR patients (79%) improved 
>22 classes in angina versus 0 out of 15 controls. Angina was already 
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significantlyy improved at 1 month after TMLR. The improvement in angina 
classs 12 months after TMLR was significantly better than in the controls 
(fromm class 3.8  0.4 at baseline to 1.9 + 0.9 at 12 months after TMLR 
versuss 3.9  0.3 to 3.7  0.6 respectively in the controls; p = 0.000001, 
tablee 3). Even when the baseline value of the patient that died was included 
(anginaa class IV/IV during follow up), statistical significance remained. 

Characteristic c 

Agee (years, mean  SD) (range) 
Menn : women (n:n) 
Cardiacc status 

NYHAA angina class: l l l (n ) 

IVV (n) 
LVtiFF (%, mean  SO) 

35%<LVEF<45? i ( n ) ) 
Patientss with previous myocardial infarction 
Yearss since diagnosis of CAD (  SD) 
Two-vessell disease (n) 
Three-vessell disease (n) 

Previouss revascularisations 
Previouss CABG(n) 
Previouss PTC A (n) 

Medication:: double cardiac therapy (n) 
Medication:: triple cardiac therapy (n) 
Riskk factors 

Familyy history of coronary artery disease (n) 
Hypertensionn (n) 
Diabetess mcllitus (n) 
Hypercholesterolemiaa (n) 

Smokingg (n) 
Riskk associated with CABG t 

Scoree (mean  SD) 
Highh risk (n) 

Parsonn net 
Peripherall arteriosclerosis (n) 
Cerebrovascularr disease (n) 

T M L R R 
(nn = 15) 

62.7^7.6(48-76) ) 
13:2 2 

3 3 
12 2 

555 J- 9 
3 3 

11 1 
133 4 

2 2 
13 3 

15 5 
7 7 
5 5 

10 0 

12 2 
8 8 
2 2 

12 2 
10 0 

4.77  1.5 
7 7 

10.77 3 
2 2 

1 1 

Maximall medication 
<n=15) ) 

58.11 ) 
14:1 1 

I I 
14 4 

566 6 
1 1 
9 9 

133 5 
1 1 

14 4 

13 3 
4 4 
3 3 

12 2 

11 1 
7 7 

3 3 
13 3 
14 4 

4.33 + 2.7 
6 6 

9.77 1 
3 3 
4 4 

Tablee 2. Baseline characteristics. No significant baseline differences were present between the two 
groups.groups. CABG = coronary artery bypass graft; LVEF = left ventricular ejection fraction; n = number of 
patients;; NYHA = New York Heart Association; PTCA = percutaneous transluminal coronary 
angioplasty;; SD = standard deviation; f the risk associated with coronary artery bypass grafting was 
assessedd with the scoring system of the Cleveland Clinic [125]. A score of > 5 indicates a high risk. 

MedicalMedical treatment and clinical events after discharge 
Duringg follow up, medical treatment remained virtually unchanged in both 
groupss (see table 4) except for the use of sublingual nitrates, which was 
significantlyy decreased after TMLR. Two TMLR patients and one control 
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TMLR R 

Proo 1 month 3 months 6 mon ths 12 months 

i i 

„ ,, — . . 1 in intensive .. , 
Liabbb iv | 2.  I 

22 "> I 
A A 

Classs II I 3 2  2  3  2 1 
** * i * 

II 1 2 
11 ' 

AA A A A 

99  9  8  7 
2 * 22 2

C l a sss I 2 2 "  4  5 

Maximall  medication 

Pree 1 month 3 months 6 months 12 months 

22

I I 

C l a sss I I I I  4  4 :  2 

; i a sss 11 

C l a sss I 

Figuree 1. Changes in NYHA angina class in the TML R group (upper panel) and the medication 
groupp (lower panel), f = deceased. 
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NYHAA class 
(SD) ) 

>> 2 classes 1 

>> 1 class * 

QOL:: VAS 
(SD) ) 

Lxcrcise e 
(SD) ) 

Baseline e 
3.8 8 

(0.4) ) 

--

46% % 
(14) ) 

4655 s 
(167) ) 

T M L RR (n = 
1m m 
2.0 0 

(0.6) ) 

10/133 J 
(77%) ) 

11 1 13 i 
(85%) ) 

59% % 
(13) ) 

n.p. . 
n.p. . 

3m m 
2.1 1 

(0.6) ) 

99 14 
(64%) ) 

133 14 
(93%) ) 

66% % 
(7) ) 

5422 s 
(154) ) 

14) ) 
6m m 
1.9 9 

(0.7) ) 

99 14 
(64%) ) 

144 14 
(100%) ) 

69% % 
(14) ) 

5255 s 
(145) ) 

12m m 
1.9 9 

(0.9) ) 

111 14 
(79%) ) 

122 14 
(86%) ) 

67% % 
(16) ) 

5199 s 
(157) ) 

Maximall medication (n = 

Baseline e 
3.9 9 

(0.3) ) 

--

48% % 

(16) ) 

4866 s 
(216) ) 

hti i 

3.7 7 
(0.5) ) 
0/15 5 
(0%) ) 

3/15 5 
(20%) ) 

48% % 
(16) ) 

n.p. . 
n.p. . 

3m m 
3.7 7 

(0.5) ) 
00 15 
(0%) ) 

33 15 
(20%) ) 

48% % 
(16) ) 

4533 s 
(240) ) 

6m m 
3.9 9 

(0.4) ) 

00 15 
(0%) ) 

115 5 
(7%) ) 

43% % 
(13) ) 

4155 s 
(229) ) 

15) ) 
12m m 
3.7 7 

(0.6) ) 
0.15 5 
(0%) ) 

33 15 
(20%) ) 

48% % 

(17) ) 

4455 s 
(212) ) 

Tablee 3. Angina class, QOL and exercise time at baseline, 1, 3, 6 and 12 months, m ^ months; 
n.p,, ~ nol performed; NYHA = angina classification according to the New York Heart Association; 
QOLL ^ quality of life; VAS - visual analogue scale of the KuroQol questionnaire. I - two angina 
assessmentss at 1 month are missing: One patient died and one patient was in intensive care: SD = 
standardd deviation. 

p-bb lockers 
LA-nitrates s 
Calcium-antagonists s 
Aspirin n 
Coumarin n 
Persantin n 
Lipid-loweringg drugs 
Diuretics s 
ACL-inhibitors s 

Baseline e 
<n=15) ) 

% % 
100 0 
87 7 
80 0 
67 7 
34 4 

7 7 
80 0 

0 0 
34 4 

T M L R R 
3m m 6m m 

( n == 14) (n = 14) ( 

% % 
X6 6 
86 6 
72 2 

100 0 
14 4 
7 7 

79 9 
14 4 
21 1 

% % 
86 6 
93 3 
64 4 

100 0 
14 4 
7 7 

79 9 
14 4 
29 9 

12m m 
n=14) ) 

% % 
86 6 

100 0 
64 4 

100 0 
14 4 
7 7 

79 9 
14 4 
29 9 

Max x 
Baseline e 

% % 
100 0 
87 7 
94 4 
74 4 
20 0 

7 7 

87 7 
20 0 
40 0 

mall medication (n 

3m m 

% % 
100 0 
87 7 

100 0 
80 0 

7 7 
0 0 

87 7 
27 7 
40 0 

6m m 

% % 
100 0 
87 7 

100 0 
80 0 

7 7 
0 0 

87 7 
27 7 
40 0 

== 15) 
12m m 

% % 
100 0 
87 7 

100 0 
93 3 

0 0 
0 0 

87 7 
27 7 
40 0 

Tablee 4. Medication at baseline and follow up. ACL-inhibitors - angiotensin-converting enzyme 
inhibitors;; LA-nitrates = long-acting nitrates. 

requiredd hospital admittance due to a cardiac cause and in both groups one 
patientt required hospital admittance due to a non-cardiac cause. Besides 
thee 4 peri-operative myocardial infarctions, one control but no TMLR 
patientt suffered from a myocardial infarction during follow up. Unstable 
angina,, life-threatening arrhythmias and heart failure were not reported. 

QualityQuality of life 
Thee scores (%) of the physical limitation domain, angina frequency domain 
andd disease perception domain of the Seattle Angina Questionnaire 
improvedd significantly (p = 0.001, p = 0.09 and p = 0.09, respectively) 
afterr TMLR compared to the controls {in the TMLR group respectively 
fromm 40.5  12.9, 27.1  24.0 and 32.7  20.5 at baseline to 59.3  13.7, 
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52.11  30.4 and 63.7  18.7 at 12 months vs. in the control group 
respectivelyy from 32.8  15.5, 30.7  26.6 and 20.0  14.0 at baseline to 
30.99  19.1, 26.7  29.7 and 27.2  24.3 at 12 months). Compared to 
baseline,, also the score of the anginal stability domain at 12 months was 
improvedd significantly after TMLR, but the score for the treatment 
satisfactionn domain was not improved. The EuroQol questionnaire's Visual 
Analoguee Scale increased significantly after TMLR compared to the 
controlss (p = 0.002; table 3). When we included the baseline score of the 
deceasedd patient (40%) during follow up, statistical significance remained. 

ExerciseExercise time 
Changee in exercise time from baseline to 12 months follow up was not 
significantlyy different in the two groups {table 3). However, 12 months 
afterr TMLR the incidence of angina as a reason for stopping the exercise 
testt was significantly decreased compared to pre-operatively, while this 
wass unchanged in the controls. 

MyocardialMyocardial perfusion scintigraphy 
Firstly,, all post-operative myocardial perfusion scans showed sustained 
ischaemia.. In the TMLR group, the mean summed difference score at 
baselinee was 13.9  7.8 vs. 12.1 + 7.8 and 11.7  5.2 at 3 and 12 months 
respectivelyy (non-significant differences compared to baseline). In the 
controlss this was 10.9  5.7, 9.5  6.3 and 9.4  7.4 respectively (non-
significantt differences compared to baseline and compared to the TMLR 
group).. Secondly, the summed rest scores at 12 months did not differ from 
thosee at baseline (both within and between groups). 

Stress-echocardiography Stress-echocardiography 
Thee reversible wall motion abnormality score was significantly decreased 
122 months after TMLR compared to the controls (from 1.1  0.5 at 
baselinee to 0.5  0.5 at 12 months after TMLR vs. 1.1  0.6 and 1.2  0.8 
respectivelyy in the controls; p = 0.005), while the fixed wall motion 
abnormalityy score was significantly increased (from 0.3  0.5 at baseline to 
0.77 5 12 months after TMLR vs. 0.3  0.5 and 0.5  0.7 respectively in 
thee controls; p = 0.008). 

EjectionEjection fraction 
Averagee pre-operative LVEF was 55  9% in the TMLR group and 
566  6% in the controls (p = 0.67). Compared to baseline, the LVEF was 
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decreasedd significantly 12 months after TMLR (51  11%, p = 0.01). In the 
controls,, LVEF was decreased non-significantly (p = 0.07) at 12 months 
(533  8%). 

AmbulantAmbulant 24-hows ECG 
Comparedd to baseline, the reported incidence of angina was significantly 
decreasedd 12 months after TMLR (p = 0.003), as opposed to a non-
significantt decrease in the control group. However, the comparison of the 
changee in angina between the groups did not reach statistical significance. 
Comparedd to the control group, the incidence of premature ventricular 
contractionss was unchanged 12 months after TMLR, as was the incidence 
off  ventricular tachycardia (in no patient ventricular tachycardia was 
observed). . 

Discussion n 

Inn general, treatment of coronary artery disease results in a decrease of 
anginaa and improved QOL. Only in a limited number of patients (with 
severee three-vessel disease or a main left coronary artery stenosis) a 
revascularisationn procedure improves life expectancy. Due to the increased 
incidencee of refractory angina, there is a growing demand for treatment 
alternatives.. CO: and Ho:YAG TMLR have previously shown to be such 
alternativess [71-77]. Although clinical improvement has also been reported 
afterr excimer TMLR [110,111], this is the first randomised study. The 
resultss show that at 12 months follow up, excimer TMLR significantly 
reducess angina pectoris and improves QOL compared to maximal 
medication. . 

Angina,Angina, quality of life and exercise time 
Inn the current study, 79% of patients in the TMLR group showed a 
decreasee of > 2 angina classes at 12 months follow up, versus 0% of 
patientss in the control group. A significant relief of angina 12 months after 
TMLRR was confirmed by the ambulant-ECG diary. Although assessed in a 
smallerr number of patients, this result is (at least) as good as the outcome 
off  earlier randomised TMLR studies using CO: and Ho:YAG lasers. In 
thesee studies, angina decreased with > 2 classes in 24% to 76% of TMLR 
patientss and with > 1 class in at least 63% of TMLR patients (vs. 86% in 
thiss study). A clinically important observation in both earlier randomised 
trialss and in our study is that the therapeutic gain is highest in patients with 
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classs IV angina. In the current study, 80% of TMLR patients had NYHA 
classs IV at baseline and 79% of all TMLR patients (including those with 
NYHAA class III ) improved > 2 classes at 12 months. Furthermore, 91% of 
thee improved patients were in class IV at baseline. In the other studies 
baselinee class IV percentages and percentages of all patients that improved 
>> 2 classes at 12 months were respectively 100 and 76% [72], 63 and 61% 
[73],, 70 and 72% T71,741, 27 and 24% [75] and 24 and 44% [76]. These 
numberss indicate that the benefit of TMLR on angina is most pronounced 
inn the patients with most severe angina. The results of our study show that 
inn patients with refractory angina excimer TMLR is at least as effective in 
reducingg angina as C02 and Ho:YAG TMLR. 

Thee improvement in QOL in our study is comparable with results 
reportedd earlier by Spertus et al. [77] and Allen et al. [72]. As in our 
opinionn improvement in QOL is the major goal of treatment of refractory 
angina,, this significant improvement is clinically even more important than 
thee observed improvement in angina class. 

Givenn the results above, surprisingly we did not find any evidence for 
increasedd exercise time. Three [72,73,76] of four [72,73,75,76] randomised 
studiess that assessed exercise time did report significant improvements in 
thee TMLR group. It is unlikely that this can be attributed to the use of XeCl 
excimerr TMLR. An explanation might be the use of a modified Bruce 
protocoll  to assess exercise time. This protocol includes the use of an 
incrementall  workload that has the disadvantage that small differences in 
exercisee capacity cannot be detected. 

MedicalMedical treatment, mortality and morbidity 
Afterr TMLR, medical treatment did not change significantly with 
exceptionn of a decreased sublingual nitroglycerin use that was not observed 
inn the control group. One patient died post-operatively due to a myocardial 
infarctionn (mortality of 6.7% vs. 0% in the controls). Mortality after TMLR 
wass comparable in the other five randomised trials (5-16%), excluding 
cross-over.. Including cross-over, overall mortality in these five studies at 
122 months after TMLR was 74 out of 545 patients (14%) vs. 34 out of 355 
patientss (10%) receiving continued medication (of a total of 937 patients 
includedd in the five studies). 

Inn our study, overall morbidity and hospital admittance was similar (and 
low)) in both the TMLR and control group, except for myocardial 
infarctions,, which occurred more often after TMLR (5 versus 0 infarctions 
inn controls). The morbidity (and mortality) after TMLR mainly occurred 
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peri-operatively.. This emphasises the importance of adequate selection and 
post-operativee care in TMLR-treated patients. TMLR-induced ventricular 
arrhythmiass were not observed. In our opinion, the complication rate is 
acceptable,, given the impressive subjective improvement in the majority of 
TMLR-treatedd patients. 

MyocardialMyocardial perfusion and function 
Wee did not find any changes in myocardial perfusion after TMLR. Both 
reversiblee defects and persistent defects remained unchanged. These results 
aree in line with three [72,73,75] out of four [71-75,77] previously reported 
randomisedd TMLR trials. 

Inn contrast to myocardial perfusion scintigraphy, however, after TMLR 
stress-echocardiographyy showed a small but significant decrease in 
reversiblee wall motion abnormalities, as well as an increase in fixed wall 
motionn abnormalities. Our findings may indicate a reduced sensitivity of 
stress-echocardiographyy for the detection of ischaemia in this specific 
patientt group. However, this study was not designed to compare 
myocardiall  perfusion scintigraphy and stress-echocardiography head-to-
headd for the detection of myocardial ischaemia. Moreover, stress-
echocardiographyy was analysed according to perfusion territories while 
myocardiall  perfusion scintigraphy used a segmental model. Therefore, 
explanationss for the found differences remain speculative and probably 
reflectt differences related to the imaged substrate i.e. perfusion alone vs. 
perfusionn related function. 

Thee observed small increase in fixed wall motion abnormalities after 
TMLRR did not correlate with peri-operative myocardial infarction or 
myocardiall  infarction during follow up. In addition, the summed rest score 
onn the myocardial perfusion scintigraphy remained unchanged at follow 
up.. The small increase in fixed wall motion abnormalities may 
alternativelyy reflect the presence of dysfunctional but viable myocardium. 
However,, the stress-echocardiography was performed without a low-dose 
dobutaminee protocol and without special attention to the detection of viable 
myocardium.. Therefore, the explanation that the small increase in fixed 
walll  motion abnormalities could be due to small differences in 
stunned/hibernatingg myocardium remains hypothetical. 

Thee overall minimal change in global myocardial function after TMLR 
andd in controls seems clinically not relevant since mean values at follow up 
stayy within normal limits. This minimal change probably reflects 
progressionn of disease. 
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FurtherFurther  comparison with other lasers 
TMLRR using a CO:, Ho:YAG or excimer laser results in laser-specific 
formationn of channels with a particular shape and diameter and with 
varyingg degrees of myocardial thermal and mechanical damage [69]. 
Whateverr the working mechanism of TMLR may be, differences in laser-
tissuee interaction do not seem to translate into important differences in 
therapeuticc efficacy. Overall, in four of the earlier randomised studies 
usingg a CO: or Ho:YAG laser, TMLR was recommended [71-74,76,77] 
andd in one study, because of a (not significantly) higher mortality after 
TMLR,, TMLR was not advocated [75]. In general, our results are in 
accordancee with those of other studies, since in all randomised trials 
[71-77],, including ours, TMLR was effective in relieving angina, and in 
mostt trials an improved QOL was demonstrated. For many clinicians this is 
sufficientt reason to use this modality. Our results using an excimer laser 
mightt be viewed in a similar manner. Given the small differences in 
efficacyy and the lack of a randomised comparison of the various lasers, 
currentlyy the costs, the quality of technical support and the viability of the 
supplyingg company are factors that predominantly determine the choice of 
laserr for TMLR. 

PatientsPatients with a high peri-operative risk 
Thiss and other randomised studies have shown that, with adequate patient 
selection,, TMLR can be performed safely, with a mortality and morbidity 
thatt is comparable to CABG. However, in patients with a high peri-
operativee risk due to severe comorbidity or a very low LVEF, we believe 
thatt first other experimental approaches, such as spinal cord stimulation 
[42],, should be considered. Randomised studies are required to establish 
whetherr such therapies are similarly effective whilst having a reduced risk. 

Conclusion n 

Inn conclusion, treatment of refractory angina with excimer TMLR gives 
similarr results as earlier C02 and Ho:YAG studies, showing a relief of 
anginaa and improved QOL, without evidence of improved cardiac 
perfusionn or function. Consequently, TMLR is primarily a symptomatic 
treatmentt with results that are comparable with other approaches, including 
revascularisationn strategies. Therefore, in patients with severe refractory 
angina,, TMLR is a valuable option. 
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Abstract t 

Thiss study assessed the QOL in a randomised clinical trial investigating 
TMLRR as a treatment for severe refractory angina pectoris. 

Thirtyy patients were randomised to receive either XeCl excimer TMLR 
inn combination with maximal cardiac medication, or maximal cardiac 
medicationn alone. QOL was assessed at baseline, 1, 3, 6 and 12 months 
usingg three different questionnaires: The Medical Outcomes Study - Short 
Formm 24 (MOS, 7 domains), the Seattle Angina Questionnaire (SAQ, 
55 domains) and the EuroQol Standardised Questionnaire {5 domains and a 
Visuall  Analogue Scale, VAS). The MOS and EuroQol are general health 
questionnairess and the SAQ is a disease (angina) specific questionnaire. 
Thee primary outcome measure was the change in score between baseline 
andd 12 months. 

TMLRR treated patients scored significantly better compared to 
medicatedd patients in the EuroQol usual activity domain, the EuroQol 
VAS,, the MOS social functioning, energy, general health and bodily pain 
domainss and in the SAQ physical limitation, angina frequency and disease 
perceptionn domains. 

Tnn conclusion, QOL significantly improved after XeCl excimer TMLR 
comparedd to medication. These results are similar to the improvements in 
QOLL that have been reported following C02 and Ho:YAG TMLR. 
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Introductio n n 

Forr the growing number of patients with severe angina pectoris refractory 
too standard treatments, improvement in quality of life (QOL) is one of the 
mostt important therapeutic goals. For one of these therapies, TMLR, 
significantt improvements in QOL has been reported in randomised studies 
usingg C02 or Ho:YAG lasers [71-74,77]. For the third clinically used laser, 
thee XeCl excimer laser, uncontrolled studies have also reported promising 
clinicall  improvements [110,111,126,127], In these studies laser parameters 
weree used that were similar to ours (see below) or a shorter pulse 
(20-400 ns) with a lower pulse energy (9-15 mJ/pulsc) was used at a higher 
repetitionn frequency (up to 240 Hz). Here we present the QOL results of 
thee first randomised study comparing XeCl excimer TMLR with maximal 
anti-anginall  medication. 

Methods s 

Thee QOL study presented here was part of a randomised study comparing 
XeCll  excimer TMLR with maximal anti-anginal medication (see chapter 
5).. A total of 118 patients were evaluated for inclusion in this study. Thirty 
patientss with angina pectoris NYHA class II I  or IV refractory to 
conventionall  treatments (medication, balloon angioplasty, bypass surgery) 
andd with detectable reversible myocardial ischaemia were included and 
randomisedd in pairs between stand-alone (i.e. without bypass surgery) 
XeCll  excimer TMLR with maximal anti-anginal medication (treatment 
group)) or maximal anti-anginal medication alone (control group). Maximal 
anti-anginall  medication was defined as the maximally tolerable dosage of 
(3-blockers,, calcium-antagonists and long-acting nitrates. All patients 
receivedd maximal anti-anginal medication prior to enrolment. At 
randomisation,, patients assigned to continued maximal medication were 
offeredd the opportunity to undergo TMLR after one-year follow up. The 
hospitall  medical ethical committee approved the study and all patients gave 
written,, informed consent. In TMLR-assigned patients a left-lateral 
thoracotomyy was performed, the heart was exposed and in the ischaemic 
areaa (as identified by myocardial perfusion scintigraphy) one 
transmyocardiall  channel per cm2 was created with an ECG-triggered 
(100-1200 ms after the R-wave) XeCl excimer laser (MAX-20, Medolas, 
Munich,Munich, Germany) with a wavelength of 308 nm. Using 37-40 mj/pulse, a 
pulsee duration of 110 ns and a pulse frequency of 40 Hz, a flexible 1 mm 
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flat-tippedd fibre was manually advanced to perforate the myocardium in 
3-44 triggered cardiac cycles (4-5 pulses/cycle). Complete transmyocardial 
penetrationn was confirmed by transoesophageal echocardiography. 

AssessmentAssessment of quality of life 
Assessmentt of quality of life was performed during visits to the outpatient 
clinicc at baseline and at 1,3,6 and 12 months follow up. At the end of each 
visit,, patients were asked to fill  out the three questionnaires described 
below.. Baseline assessment was performed after randomisation. In this 
study,, we aimed to assess QOL very extensively and therefore (validated) 
Dutchh versions of three different questionnaires were used: The Medical 
Outcomess Study - Short Form 24 (MOS-SF24, which is derived from the 
MOS-SF366 [128]), the EuroQol Standardised Questionnaire [113], and the 
Seattlee Angina Questionnaire (SAQ) [112]. The MOS-SF24 and the 
EuroQoll  are both non-disease specific questionnaires. Although some 
overlapp exists, the specific domains are mostly different and thus provide 
differentt information. The SAQ is a disease-specific questionnaire, 
especiallyy designed to evaluate QOL in patients with angina pectoris and 
cann therefore be used to evaluate the effect of TMLR more specifically. 
Tablee 1 gives an overview of the questionnaires and their domains. 

Thee MOS-SF24 consists of 24 multiple-choice questions, which are 
subdividedd in seven different health domains: Physical functioning, role 
functioning,, social functioning, mental health, energy, general health and 
bodilyy pain. For each domain, the specific question scores are calculated 
intoo a domain score (from 0-100%) [128]. 

Thee EuroQol is composed of two parts. The first part consists of five 
multiple-choicee questions, one for each of the following domains: 
Mobility ,, self-care, usual activities, pain / discomfort, and anxiety / 
depression.depression. Each question can be scored as: Having no problems 
(scoree = 3), some problems (score = 2) or severe problems (score = 1). Per 
domainn question, we subtracted the baseline scores from the 12-month 
scores,, resulting in a 'change-score' per domain per patient (a positive 
scoree indicates less problems at 12 months). The second part of the 
EuroQoll  consists of a Visual Analogue Scale (VAS). The VAS is a line 
thatt runs from 0% (worst imaginable health) to 100% (best imaginable 
health)) on which patients directly score their perceived health status [113]. 

Thee SAQ consists of 19 multiple-choice questions which are subdivided 
inn 5 domains: Physical limitation, anginal stability, angina frequency, 
treatmentt satisfaction and disease perception / quality of life. Again, 
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Domain n 
Physicall  functioning 
Rolee functioning 
Sociall  functioning 
Mentall  health 
Energy y 
Generall  health 
Bodilyy pain 

Mohilitv v 
Sell  f care 
Usuall  activities 
Painn ' discomfort 
Anxietyy / depression 
Visuall  analogue scale 

Physicall  limitation 
Anginaa stability 
Anginaa frequency 
Treatmentt satisfaction 
Diseasee perception 

## Questions 
6 6 
2 2 
1 1 
5 5 
4 4 
5 5 

9 9 
1 1 
2 2 
4 4 
3 3 

Possiblee scores 
0-100% % 
0-100% % 
0-100% % 
0-100% % 
0-100% % 
0-100% % 
0-100% % 

1-3 3 
1-3 3 
1-3 3 
1-3 3 
1-3 3 

0-100% % 

0-100% % 
0-100% % 
0-100% % 
0-100% % 
0-100% % 

Highh score indicates 
goodd physical functioning 

goodd role functioning 
goodd social functioning 

goodd mental health 
muchh energy 

goodd general health 
muchh bodily pain 

nott impaired 
nott impaired 

noo pain discomfort 
nott anxious ' depressive 

goodd general health 

noo physical limitation 
highh angina stability 
loww angina frequency 

highh treatment satisfaction 
goodd DP ' QOL 

Tablee 1. Domains of the MOS-SF24, EuroQol and SAQ. EuroQol = EuroCM Standardised 
Questionnaire;; DP = disease perception; MOS-SF24 = Medical Outcomes Study - Short Form 24; 
QOLL = quality of life; SAQ = Seattle Angina Questionnaire. 

individuall  domain scores (from 0-100%) are calculated from the scores of 
thee specific questions [112]. 

Ass shown in table 1, in general, higher MOS-SF24, SAQ and EuroQol 
domainn scores indicate better physical, mental or social health. For the 
SAQ-physicall  limitation and SAQ-angina frequency domains higher scores 
respectivelyy indicate less physical limitation and less frequent angina 
(whichh also corresponds to better health). The only exception is the MOS-
bodilyy pain domain, where a higher score indicates more pain. 

OutcomeOutcome measure, statistics and missing data analysis 
Thee primary QOL outcome measure was the change in score between 
baselinee and 12 months. Thus, for each of the 18 MOS-SF24, SAQ and 
EuroQoll  domains and for the EuroQol VAS, this change was compared 
betweenn the TMLR and control group. Furthermore, comparison of the 
averagee baseline domain scores was performed between the TMLR and 
controll  group. All comparisons were performed with two-tailed 
independent-samplee /-tests (with Statistical Programme for Social Sciences 
(SPSS)) software, version 11.0). Results are presented as mean  SD. 

Inn both groups, missing QOL scores were substituted using linear 
interpolation,, except when the one-month follow up was missing in the 
TMLRR group. Then, the average (TMLR) group changes were used to 
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calculatee substitutes for the missing values. In case of missing data due to 
mortality,, the last observations obtained before death were used as input 
forr the remaining follow up moments ('last observation carried forward'). 

Results s 

Thee baseline patient characteristics are shown in table 2. During TMLR, on 
averagee 46  10 channels were created per patient. One patient died in the 
TMLRR group (1 day after the operation due to a myocardial infarction), none 
inn the control group. None of the patients were lost to followr up. At baseline 
andd 12 months, no data were missing for both groups. At 1 month follow 
up,, 3 patients in the TMLR group vs. 2 controls did not complete their 
questionnaires.. At 3 and 6 months FU, this was the case for 3 vs. 0 and 
22 vs. 1 patient respectively. 

Characteristic c 

Agee (years, mean  SD) 
Menn : women 
Averagee NYHA angina class (mean  SD) 
LVEFF (%, mean - SD) 
PreviousPrevious bypass surgery (n) 
Previouss coronary angioplasty (n) 

TML R R 
(nn = 15) 

62.77  7.6 
13:2 2 

3.88 4 
555  9 

15 5 
7 7 

Maximall  medication 
(nn = 15) 

58.11 6 
14:1 1 

3.99  0.3 
566 6 

13 3 
4 4 

Tablee 2. Baseline patient characteristics. LVEF = left ventricular ejection fraction: NYHA = New 
Yorkk Heart Association; SD = standard deviation. 

MedicalMedical Outcomes Study (MOS) 
Thee results of the MOS-SF24 domains arc presented in figure 1. There 
weree no baseline differences between the TMLR and the control group 
exceptt for the physical functioning domain where the TMLR group scored 
significantlyy higher than the control group. Social functioning, energy and 
generall  health were significantly more improved between baseline and 
122 months in the TMLR group than in the control group (see figure 1 for 
p-values).. Bodily pain was significantly more decreased between baseline 
andd 12 months in the TMLR group compared to the control group. In the 
remainingg domains (physical functioning, role functioning and mental 
health)) no significant differences between the TMLR and the control group 
weree observed. 
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EuroQol EuroQol 
Resultss of the 5 EuroQol domains are presented in table 3. Only the 
improvementt in the 'usual activities' domain 12 months after TMLR was 
significantlyy higher in the TMLR group than in the control group. The 
EuroQoll  VAS scores were significantly more improved between baseline 
andd 12 months in the TMLR group than in the control group (figure 2). 

Domain n 

Mobility y 
Selff care 
Usuall activities 
Painn discomfort 
Anxiervv depression n 

T M L R R 
Baseline e 
2.33  0.4 
2.77 5 
1.99  0.5 

1.88 7 
2.55  0.7 

122 months 
2.33 + 0.5 
2.99  0.4 
2.55 5 
2.22 6 
2.77 6 

Maxima]] medication 
Baselinee 12 months 
2 .1 : ** 0.3 
2 .7-0.5 5 
1.77 T 0.6 
11 .X i 0.4 
2.33 5 

2.33 5 
2.66 5 
1.77 6 
1.88 7 
2.22 7 

p-change e 
baselinee vs. 12 m f 

n.s. . 
n.s. . 

0.003 3 
n.s. . 
n.s. . 

Tablee 3. Domain scores of the EuroQol questionnaire (mean  standard deviation). Scores are on 
aa scale of 1-3 and higher scores indicate better health, t the change between baseline and 12 months 
wass compared between the TMLR and maximal medication group (primary outcome measure); 
mm = months: n.s. = non-significant (p > 0,05). 

SeattleSeattle Angina Questionnaire (SAQ) 
Resultss of the SAQ domains are presented in figure 3. There were no 
baselinee differences between the TMLR and the control group except for 
thee treatment satisfaction domain where the TMLR group scored 
significantlyy higher than the control group. Physical limitation, angina 
frequencyy and disease perception were significantly more improved 
betweenn baseline and 12 months in the TMLR group than in the control 
groupp (see figure 3 for p-values). In the remaining domains (angina 
stabilityy and treatment satisfaction) no significant differences between the 
TMLRR and the control group were observed. 

Discussion n 

Patientss with severe refractory angina are known to have a poor QOL 
[129].. They are heavily disabled by their angina, which not only results in 
aa limitation of their physical possibilities, but can also negatively affect 
theirr mental state and social life (also observed in this study as indicated by 
thee low baseline QOL scores). Therefore, when evaluating the effect of 
alternativee therapies in these patients, QOL should be the most important 
endpointt and should therefore be assessed extensively using general and 
diseasee specific questionnaires. 
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Figuree 2. Scores of the EuroQol Standardised Quest ionnaire 's Visual Analogue Scale. The change 
betweenbetween baseline and 12 months was significantly greater in the TMLR group compared to the control 
groupgroup (primary outcome measure/, indicating heller health in the TMLR group, t = level of 
significancee for the change in score (between baseline and 12 months) compared between the TML R 
andd control group. Pre ~ baseline assessment; m _ month(s): QOL ~ quality of life. 
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Inn the study presented here, significantly improved QOL was found at 

122 months in the XeCl excimer TMLR group (compared to the control 
group).. The improvement was observed in the MOS-SF24 social 
functioning,, energy, general health and bodily pain domains, in the SAQ 
physicall  limitation, angina frequency and disease perception domains and 
inn the EuroQol 'usual activities' domain and the EuroQol VAS. Five of the 
MOS-SF244 and SAQ domains did not improve significantly. Of these 
55 domains, two already showed a significant difference at baseline (MOS-
SF244 physical functioning and SAQ treatment satisfaction). Since the QOL 
assessmentt was performed after randomisation, the difference in baseline 
SAQ-treatmentt satisfaction score could express that patients were more 
satisfiedd with their treatment if they were randomised into the TMLR 
group.. This positive bias might also have played a role in the baseline 
differencee in the MOS-physical functioning domain. It is furthermore 
possiblee that this bias may have played a role for the control patients. With 
thee SAQ-treatment satisfaction domain for instance, the significant 
baselinee difference had disappeared at 12 months, when the control group 
camee close to receiving TMLR. Therefore, the differences between the 
TMLRR and control group might have been even greater if, at baseline, the 
controll  group had not been offered treatment one-year after randomisation. 

Itt is interesting to see that in all three questionnaires, there is a general 
tendencyy for the differences between the two groups to be most 
pronouncedd at 3, 6 and 12 months while the 1-month results are more 
similarr between the two groups. The absence of general improvement in 
thee TMLR group at 1 month follow up is likely due to the recovery from 
thee operation. 

ComparisonComparison to other randomised trials 
Thee improvements in QOL observed in this study are similar to the 
improvementss reported by other randomised TMLR studies using CO: or 

Ho:YAGG lasers. Four out of the five published randomised studies have 
alsoo assessed QOL. One used the Duke Activity Status Index (Allen et al., 
Ho:YAGG laser [72]), one used the SAQ (Burkhoff et al., Ho:YAG laser 
[73]),, one used both the MOS-SF36 and the SAQ (March, Frazier et al., 
C022 laser [71,74], detailed QOL results from this last study were later 
publishedd by Spertus et al. [77]) and one did not report the QOL 
assessmentt method nor its results (Schofield et al., C02 laser [75]). The 
firstfirst three studies reported significant improvements in the TMLR groups 
comparedd to the control groups. In the study by Burkhoff, all 5 domains of 
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thee SAQ were significantly improved at 12 months in the TMLR group vs. 
thee control group. When comparing the 3 improved SAQ domains of our 
studyy with the same domains of the study by Burkhoff et al., similar 
improvementss were observed in both the TMLR and the control groups. In 
thee study by Burkhoff et al., the remaining 2 SAQ domains (treatment 
satisfactionn and angina stability) were also significantly improved. The 
absencee of a difference between the two groups in the treatment 
satisfactionn domain between baseline and 12 months in this study is likely 
duee to the fact that the control patients also underwent TMLR shortly after 
theirr 12 months follow up. Their anticipation towards the treatment after 12 
monthss follow up likely increased their treatment satisfaction, thus 
decreasingg the difference in satisfaction with the TMLR group. The non-
significantt difference in the angina stability domain in this study may be 
duee to the (non-significant) difference between the two groups that was 
alreadyy present at baseline. Spertus et al. only presented results on 3 of the 
55 SAQ domains (physical limitation, angina frequency and disease 
perception)) and showed that these were all significantly improved in the 
TMLRR vs. the control group. Interestingly, these 3 domains were also the 
oness that improved significantly in the study reported here. Spertus et al. 
furthermoree divided the MOS-SF36 domains into a physical and a mental 
componentt and found significant improvements in both components. 
Unfortunately,, the specific MOS-SF36 domain results were not provided 
andd could therefore not be compared to the results presented here. 

OtherOther treatments for refractory angina 
Besidess TMLR, several other techniques such as PMR and SCS are 
currentlyy in use for the treatment of refractory angina pectoris, and studies 
investigatingg these techniques have reported improvements in QOL [130], 
whichh seem comparable to those observed in this study [40]. However, 
sincee QOL assessment was not performed as extensively as in this study 
andd other QOL assessment methods were used, a definitive statement on 
whichh technique provides the best improvement cannot be made until the 
differentt techniques have been compared within one study. 

StudyStudy limitations and placebo effect 
Ass mentioned above, there are two important points in this study that may 
bee considered limitations, as they could have created bias in the QOL 
results.. The first limitation is the assessment of baseline QOL scores after 
randomisation.. This may have created a positive baseline bias in the 
treatmentt group as well as a negative bias in the control group. The latter 
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couldd also play a roie as a consequence of the study design (i.e. non-
blinded).. The second limitation that could have introduced a bias is the fact 
thatt at baseline, patients randomised to the control group were offered 
treatmentt after they had completed their one-year follow up. This may have 
introducedd a positive anticipation bias, especially towards the end of the 
followw up period when they were about to be treated. However, although 
thesee two limitations should be considered when interpreting the results, it 
iss also important to realise that they both tend to give an under-estimate of 
thee actual effect (given the method of statistical analysis in this study). 
Therefore,, since it may then be speculated that the real effect is even more 
pronouncedd than currently observed, the limitations do not change the 
generall  conclusion of this study, i.e. that patient's QOL is significantly 
increasedd after TMLR. 

AA much-debated point in the clinical efficacy of TMLR has been the 
relevancee of the placebo effect. Fuelled by the absence of (reproducible) 
effectss of TMLR on perfusion, some believe that the improvement is 
mainlyy due to the placebo effect. Indeed, the fact that TMLR is an option 
forr patients who thought there were no options anymore, makes them very 
anxiouss to feel better after the treatment, thus introducing a placebo bias, 
especiallyy in QOL assessment. Furthermore, clinical improvements in 
patientss who only received a thoracotomy or sternotomy without further 
treatmentt have been described. The extent of these effects will probably 
neverr be fully known since it is impossible to perform a sham operation in 
aa fully blinded TMLR study. Despite these explanations, we believe that 
thee improvements in QOL found in this study cannot be fully explained by 
placeboo effects. Although it can have some effect on the clinical outcome, 
thiss is likely to be short-term (up to 6 months) and cannot explain the 
persistentt improvement found at one-year in this and up to 5 years in other 
studiess [109], for which TMLR-induced cardiac denervation currently 
appearss the most likely explanation. 

Inn conclusion, the results of this study show that XeCl excimer TMLR 
generallyy improves the QOL at 12 months follow up of patients with severe 
refractoryy angina, with results that are comparable to those after C02 or 
Ho:YAGG TMLR. Whether these improvements are sustained at longer 
followw up has to be awaited. 
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Abstract t 

Sincee its first clinical application in 1981, many reports have described the 
usee of TMLR as a treatment for refractory angina pectoris. In the current 
chapterr both uncontrolled and controlled stand-alone TMLR studies (using 
C02,, Ho:YAG and XeCl excimer lasers) that have been published are 
reviewed. . 

Forr uncontrolled TMLR, a total of 721 CO:, 251 Ho:YAG and 34 XeCl 
excimerr patients have been described. Overall, in respectively 349, 222 and 
277 patients with a completed one-year follow up, angina decreased from 
classs 3.2  0.5 to 2.2  0.9 after C02l 3.7  0.3 to 2.0  0.7 after Ho:YAG 
andd 3.5  0.5 to 1.8  0.5 after XeCl excimer TMLR. Mortality at 
8-122 months was 25% after CO, TMLR, 12% after Ho:YAG TMLR and 
7%% after XeCl excimer TMLR. 

Inn six randomised TMLR trials {3 C02, 2 Ho:YAG, 1 XeCl excimer), 
anginaa decreased > 2 classes in 24-72% of C02 treated patients, in 61-76% 
off  Ho:YAG treated patients and in 79% of XeCl excimer treated patients 
(alll  significant compared to medication). Including cross-over, one-year 
mortalityy was 12-21% after C02, 5-13% after Ho:YAG TMLR and 
7%% after XeCl excimer TMLR (no differences compared to medication). 

AA meta-analysis of the six randomised TMLR trials was also performed. 
Inn a total of 967 patients, 57.1% (197 out of 345) of the TMLR patients 
improvedd > 2 classes in angina compared to 14.2% (40 out of 282) in the 
maximall  medication group (absolute difference 42.9%, 95%CI: 35%-51%, 
pp < 0.0001). The relative risk of mortality was 1.16 (95%CI: 0.80-1.71, 
pp = 0.43) comparing TMLR with maximal medication. 

Inn conclusion, all studies with the three clinically used lasers 
demonstratee relief of angina in the majority of patients, combined with an 
acceptablee peri-operative mortality. Therefore, after a proper selection of 
patients,, TMLR can be performed safely and effectively and should be the 
treatmentt of choice in selected patients. Clinically, as there was no 
importantt difference between the three types of laser, currently any of these 
laserss is suitable for TMLR. 

-92--



ReviewReview clinical TMLR 
Introductio n n 

Transmyocardiall  laser revascularisation (TMLR) is a treatment option for 
refractoryy angina pectoris. Three different laser types are currently in 
clinicall  use: A high power CO: laser (wavelength 10.6 jam), a Ho:YAG 
laserr (2.12 urn) and a XeCl excimer laser (308 nm). Significant clinical 
improvementt has been shown in randomised clinical trials using CO? or 
Ho:YAGG lasers. Currently, our own work is available (chapters 5 and 6) 
butt no other randomised trials have been published on excimer TMLR. 
However,, clinical improvement has been demonstrated after XeCl excimer 
TMLRR in several uncontrolled studies [93,110,111]. In this review, both 
thee uncontrolled and controlled clinical literature on TMLR is described 
andd discussed, with a focus on its effect on peri-operative mortality, and on 
anginaa and mortality during the first year and at long-term follow up. 

Methods s 

DataData acquisition and selection 
Inn this review, books, journal articles, reviews and (meeting) abstracts 
reportingg on clinical work are included. The literature acquisition was 
performedd using PubMed: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi) 
andd the 'all years' database from the Web of Science (http: 
//wos.library.tudelft.nl/CIW.cgi).. The following keywords were used in the 
searchess (both in American and Oxford English): transmyocardial laser 
revascularisation,, laser myocardial revascularisation, transmyocardial 
revascularisation,, direct myocardial revascularisation, percutaneous laser 
revascularisation,, percutaneous myocardial laser revascularisation, 
percutaneouss myocardial revascularisation, TMLR, TMR, PMR and DMR. 

Ass we aim to give a clinical overview of TMLR, we have only 
consideredd reports on stand-alone TMLR and we have disregarded studies 
onn TMLR as an adjunct to CABG or studies where results of stand-alone 
TMLRR and TMLR as an adjunct to CABG were lumped together and could 
nott be separated (as was, unfortunately, done in an international registry of 
9322 patients [131]). In the literature, methods to describe the effect of 
TMLRR on angina are diverse. Both the classification of the CCS and the 
NYHAA are used. Unless stated otherwise, this report considers CCS 
functionall  angina classes. Furthermore, some colleagues report on the 
changee in mean angina class, some on the number or percentage of patients 
thatt are classified in 1 (or 2) angina classes at baseline and follow up (for 
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instance:: 93% of the patients were in class II I  or IV at baseline), some only 
givee the number or percentage of patients with a decrease of angina of 
>> 2 classes and / or > 1 class, and others give only graphs or figures. To 
enablee comparison of the various reports with respect to angina, we 
calculatedd the mean angina class at baseline and follow up for each study. 
Iff  results were given for two classes [132], we assumed an even 
distributionn over the classes. If the sum of the surviving and non-surviving 
patientss at follow up is lower than the number of patients at baseline, 
patientss did not yet reach follow up at the time of the report or were lost to 
followw up. Numbers for the latter two are not reported separately in this 
review.. For overall calculations we disregarded reports where the mean 
anginaa class or mortality could not be derived. Furthermore, we 
disregardedd results of earlier reports of groups that later, individually or as 
aa multi-centre study, reported on a larger number of patients with a longer 
followw up, assuming that the later report included patients of the earlier 
report(s).. Overall results are calculated by considering the weighted results 
off  each study. 

Meta-analysis Meta-analysis 
Too perform a statistical overview of randomised studies (refs [71-77] and 
chapterss 5 and 6), standard methods for combining information from 2 x2 
tabless were used [133]. For each trial, 2 x2 tables were constructed for the 
numberss of TMLR-treated patients and controls (treated with maximal 
medication)) who experienced the endpoint under consideration. Absolute 
differencess and relative risks (RR's) were calculated in such a way that 
benefitt from TMLR was associated with a RR less than 1 or an absolute 
differencee greater than zero. Overall event rates were calculated as 
weightedd averages of the trial-specific rates with weights proportional to 
thee total sample sizes of the trials. The overall point estimates for RR was 
calculatedd using the Mantel-Haenszel estimate [134]. The corresponding 
95%% confidence intervals (95%CI) were calculated by the test-based 
methodd using the Mantel-Haenszel chi-square statistic [134], 

Results s 

UncontrolledUncontrolled TMLR studies 
UncontrolledUncontrolled C02 TMLR 
TMLRR was pioneered by Mirhoseini et al., who first used clinical CO: 
TMLRR as an adjunct to CABG in areas that could not be revascularised by 
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graftss [68]. Following this report, Okada et al. reported the first successful 
clinicall  stand-alone C02 TMLR procedure in 1986 [135]. Then, in 1990, a 
higherr power CO: laser (Heart Laser, PLC Medical Systems, Franklin, 
MA,MA, USA) became available, and made it possible to perform TMLR on the 
beatingg heart. Since then, more than 15 reports have been published on 
uncontrolledd stand-alone C02 TMLR (as well as three randomised clinical 
trialss comparing C02 TMLR with maximal medication). In an attempt to 
assesss the overall results on anginal relief and mortality of published 
uncontrolledd studies on stand-alone TMLR we considered all patients of 
thesee reports [132,136-143] and disregarded reports according to the 
criteriaa described in the methods section [94,95,144-149]. Overall, for a 
totall  of 721 stand-alone C02 TMLR patients anginal status has been 
describedd in uncontrolled studies. Of these 721 patients, 349 patients had a 
followw up of 12 months. Angina decreased from class 3.2  0.5 at baseline 
too 2.2  0.9 at 12 months follow up. Overall, peri-operative mortality was 
reportedd for 591 patients of which 60 died (10%) and mortality at 
122 months was 25% (114 out of 463 patients). 

Forr one uncontrolled trial, long-term follow up to 7.2 years after C02 

TMLRR has been reported (Horvath et al. [109]). Because of its importance, 
thiss study is discussed separately. From the original 195 patients that were 
includedd in a Phase II and III USA FDA trial, 82 had died (41 in the first 
year,, overall mortality 42%), 33 underwent an additional revascularisation 
proceduree (16 in the first year, overall 17%) and 2 (1%) were lost to follow 
up.. The remaining 78 patients, who received their TMLR procedure 
55 years earlier, had baseline angina class 3.7  0.4 and at 12 months follow 
upp this was 1.5  1.1. Furthermore, 60 patients (77%) showed > 2 angina 
classess relief and 69 patients (89%) > 1 angina class. At an average of 
55 years follow up, angina class was 1.6  1.1, and 53 patients (68%) and 
711 patients (91%) showed a relief of > 2 and > 1 angina class respectively. 

UncontrolledUncontrolled Ho: YAG TMLR 
Thee Ho:YAG laser is the second most used laser (after the C02 laser) for 
TMLR.. Dowling et al. assessed the efficacy of Ho:YAG TMLR (TMR 
2000,2000, Eclipse Surgical Technologies, Sunnyvale, CA, USA) to relieve 
refractoryy angina in 85 patients. Symptomatic improvement was excellent, 
withh angina class improving from 4.0  0 at baseline to 2.3  0.7 at 
33 months follow up. At 1 month follow up 10 patients had died (mortality 
off  12%) [150]. Milano et al. [151] performed Ho:YAG TMLR in 
166 patients using the same laser and settings as Dowling et al.. Angina 
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decreasedd from 3.4  0.5 at baseline to 1.8  0.7 at 12 months follow up. 
Twoo patients died during follow up (mortality of 13%). 

Dee Carlo et al. [152] have assessed Ho:YAG TMLR efficacy in 
344 patients using the same laser and settings as Dowling et al., and 
includedd the 16 patients described earlier by Milano et al.. Angina 
decreasedd from class 3.6  0.5 at baseline to 1.8  0.8 at 12 months follow 
up.. Five out of 34 patients had died at 12 months follow up (mortality 
15%). . 

Sundtt et al. reported on two groups of patients treated with a different 
Ho:YAGG laser (NSLX-6, CadioGenesis Corp., Sunnyvale, CA, USA). One 
seriess included 49 patients who received Ho:YAG TMLR at one of 10 sites 
inn the United States or Europe. Data at 3 months were available for only 
244 patients, all of who had class III or IV angina at baseline (assumed 
meann angina class 3.5  0.5). Given the reported decrease in angina, this 
wass approximately class 1.7  0.7 both at 3 and 6 months follow up 
(nn = 14). There were 3 peri-operative deaths in this series (mortality of 6%) 
[153],, Another series, which included 19 patients, showed similar results 
withh a decrease in angina from class 3.5 + 0.5 at baseline to 1.9  1.0 in 
177 patients with a completed 12 months follow up [154], Mortality was not 
reportedd for this series. 

Diegelerr et al. applied stand-alone Ho:YAG TMLR using the same laser 
andd settings as Sundt et al. and created 26  6 channels per patient in 
166 patients [155]. Unfortunately, part of the results is given for a group of 
patientss that includes results of patients treated by TMLR as an adjunct to 
CABGG (e.g. the reported follow up is for 23 patients instead of 16). As a 
result,, only limited data were available for stand-alone Ho:YAG TMLR. 

Schneiderr et al. [156] reported long-term follow up in 14 patients, 
probablyy the same 14 that were earlier described by Diegeler et al. [155]. 
Afterr an initial significant decrease of angina from 3.5  0.5 at baseline to 
1.66  0.7 and 1.7  0.5 at 12 and 18 months respectively, angina was 
slightlyy increased at 2 and 3 years follow up, to 2.4  1.0 and 2.5  1.2 
respectivelyy (non-significant relief of angina compared to baseline). 

Finally,, Guleserian et al. and Muxi et al. reported on quality of life and 
MiBGG SPECT scintigraphy, respectively, after Ho:YAG TMLR using the 
samee laser as Dowling et al. [150], In these papers, data on peri-operative 
andd one-year mortality were included [88,157]. Guleserian et al. included 
344 patients, of which 3 died peri-operatively (9%). One-year follow up was 
completee in 27 patients (one-year mortality 9%) [157], Muxi et al. 
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observedd a one-year mortality in 1 out of 16 patients (6%) and no peri-
operativee deaths [88], 

Overall,, disregarding early results of the groups of Milano and De Carlo 
[151]]  and of Diegeler and Schneider [155], a total of 251 Ho:YAG TMLR 
patientss have been described in uncontrolled studies. Of these 251 patients, 
1088 patients had a mean follow up of 8  4 months and angina decreased 
fromm class 3.7  0.3 at baseline to 2.0  0.7 at follow up. Overall mortality 
wass 27 out of "ill  patients (12%) at 8-12 months follow up. 

UncontrolledUncontrolled XeCl excimer TMLR 
Thee first XeCl excimer TMLR treatments were performed as adjuncts to 
CABG.. Krabatsch et al. reported on 19 patients [158], Morgan and 
Campanellaa followed with a report on 30 patients [159] and Klein et al. 
withh results in 98 patients [93]. Besides their experience with XeCl 
excimerr TMLR as an adjunct to CABG, Klein et al. also assessed the 
efficacyy of stand-alone XeCl excimer TMLR in 12 patients [93]. They used 
aa 1 mm diameter fibre in combination with a (non-ECG triggered) Medolas 
MAX-200 XeCl excimer laser {Medolas, Munich, Germany) at 40 mJ/pulse 
andd a repetition frequency of 40 Hz. A mean of 33 channels/patient were 
createdd in -110 pulses/channel. Overall, angina reduced from 3.7 at 
baselinee (n = 12) to 1.5 (n = 11) and 2.3 (n = 8) at 3 months and 12 months 
followw up respectively (for NYHA functional class these results were 3.1, 
1.88 and 2.6 respectively). None of the 12 patients died during follow up. 

Leee et al. [ 110] performed XeCl excimer TMLR in 15 patients, and they 
assessedd its effect on angina. Furthermore, MPS (201thallium SPECT), 
exercisee tolerance testing and 24-hour ECG monitoring were assessed. A 
6000 pm diameter fibre was used in combination with a (non-ECG 
triggered)) XeCl excimer laser at 9 mJ/pulse, a pulse duration of 40 ns and a 
repetitionn frequency of 240 Hz (Acculase Inc., San Diego, CA, USA). 
Duringg TMLR 41  16 channels were created per patient (range 
24-611 channels). Two patients had died at 12 months follow up (mortality 
off  13%) and one patient was lost to follow up. In the remaining 12 patients 
anginaa reduced from class 3.5  0.5 to 1.8  0.8 at 12 months follow up. 
Nitroglycerinn requirements were significantly decreased and exercise 
tolerancee was non-significantly increased by 22% at 12 months follow up. 
24-Hourr ECG monitoring showed no increase of arrhythmias over baseline 
values.. No results were given with regard to an effect of TMLR on 
myocardiall  perfusion. 

-97--



ChapterChapter 7 ^ . ^___ 
Inn 7 patients, Kavanagh et al. [ I l l ] assessed the efficacy of XeCl 

excimerr TMLR (using the same laser and settings as Lee et al.). During 
TMLRR 69 + 5 channels were created per patient (range 56-90 channels). 
Anginaa decreased from pre-operative class III to class I in 6 patients and to 
classs II in the one remaining patient at 12 months follow up. Overall, 
exercisee time increased with 63% at 6 months follow up {only two 
measurementss available at 12 months follow up) and perfusion as assessed 
withh MPS (rest 201thallium and stress 94mtechnetium sestamibi SPECT) 
showedd increased perfusion at 12 months follow up. However, changes in 
perfusionn were discordant with the clinical results: The highest increase in 
perfusionn was found in the patient with the least clinical benefit (class 11 at 
122 months follow up) and 2 other patients showed a decreased perfusion 
whilstt their angina was decreased by two classes at 12 months follow up. 

Overall,, a total of 34 XeCl excimer TMLR patients have been described 
inn uncontrolled studies. Angina decreased from class 3.5  0.5 at baseline 
too 1.7 + 0.5 at a mean follow up of 9  4 months (n = 30) and 1.8 + 0.5 at 
122 months follow up (n = 27). At 12 months follow up, overall mortality 
wass 7% (2 out of 29 patients). 

Al ll  uncontrolled studies on excimer TMLR conclude that excimer 
TMLRR is well tolerated, safe and effective in relieving angina. 

RandomisedRandomised clinical trials 
One-yearOne-year results of randomised trials: General overview and meta-analysis 
Thee first randomised (multi-centre) trial was reported by March [71], 
followedd by a (single-centre) randomised trial by Schofield et al. [75]. 
Thesee studies, using the high power CO: laser manufactured by PLC 
Medicall  Systems (Heart Laser, PLC Medical Systems, Franklin, MA, USA) 
weree followed by the first (multi-centre) randomised trial using a Ho:YAG 
laserr (NSLX-6, CardioGenesis Corp., Sunnyvale, CA, USA) by Burkhoff et 
al.. [73]. Frazier et al. [74] then published results of a randomised trial on a 
cohortt that was also described by March [71]. The second (multi-centre) 
randomisedd trial using a Ho:YAG laser (TMR 2000, Eclipse Surgical 
Technologies,Technologies, Sunnyvale, CA, USA) was published by Allen et al. [72] and 
wass followed by a third (single-centre) randomised trial using the PLC CO: 
laserr by Aaberge et al. [76]. Spertus et al. [77] published the QOL results 
off  the patients described by Frazier et al. [74]. Finally, van der Sloot et al. 
reportedd on a single centre-trial using a XeCl excimer laser (chapter 5) and 
Huikeshovenn et al. reported on the QOL of this study (chapter 6). 
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Tablee 1 shows the 12 months results of the randomised clinical trials. 

Overall,, angina decreased > 2 classes in 24-79% of the TMLR patients 
(24-72%% in the C02 trials, 61-76% in the Ho:YAG trials and 79% in the 
excimerr trial, all significant compared to medication) and > 1 angina class 
inn at least 63% of the TMLR patients. Of a total of 967 patients included in 
thee six studies, the total one-year mortality after TMLR was 12.1% when 
excludingg cross-over patients (56 out of 461 patients) and 13.4% (75 out of 
5600 patients) when including cross-over patients with one-year follow up 
afterr TMLR, versus 9.2% (34 out of 370 patients) receiving continued 
medication.. Including cross-over patients, one-year mortality after TMLR 
wass 5-21% (range 12-21% for CO:, 5-13% for Ho:YAG and 7% for 
excimer)) vs. 0-26% in the medication groups (excluding cross-over 
patients;; 4-26% for C02, 10-12% for Ho:YAG and 0% for excimer). 
Overall,, and in each separate study, no differences were found in mortality 
betweenn TMLR and medications groups. Four out of six studies reported 
onn quality of life (QOL) and all four showed a significant improvement 
[72-74].. Furthermore, three studies showed a significant increase in 
exercisee tolerance [72-74] and only one study a significant increase in 
myocardiall  perfusion [74], Overall, in five of the randomised studies 
TMLRR was recommended (refs [72-74,76] and chapters 5 and 6) and in 
onee study TMLR was not advocated because of a (not-significantly) higher 
mortalityy in the TMLR group [75]. 

Tabless 2a-b show the event rates in the two treatment arms of the six 
trialss comparing TMLR with maximal medication. 

Long-termLong-term result of one randomised trial 
Currently,, long-term follow up of only one randomised clinical trial is 
available.. Recently, Aaberge et al. published the long-term follow up [160] 
off  patients included in the randomised trial in which C02 TMLR was 
comparedd to maximal medical treatment (one-year results in [76]). At a 
meann follow up of 43 months (range 32-60), the total mortality was 23% 
(includingg the 4% peri-operative mortality) and was not different between 
thee groups. The significant initial improvement in angina symptoms 
persistedd untill 3 to 5 years after TMLR (improvement > 2 NYHA classes 
inn 24% in the TMLR group compared to 3% in the medical treatment 
group).. Anti-anginal medication was however not significantly reduced 
comparedd to the medication group. Compared to the initial report, they 
noww added the effect of TMLR on QOL. Measured with the MOS SF-36, 
theree were significant improvements in the physical health domains and the 
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physicall  component scale after TMLR, whereas the mental and social 
domainss and mental component scale did not change significantly at 12 
monthh follow up. Long-term effects on QOL were not given in this report. 
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Tablee 1. Results of six randomised studies. MET = metabolic equivalents (test not performed at 
baseline);; Med = medication; n = number of patients; n.p. ^ not performed; n.r. - noi reported; n.s. - not 
specified;; pt(s) - patient(s); SDS = summed difference score; * ^ p < 0.001 compared to control; 
tt = p < 0.01 compared to control; % = p < 0.05 compared to control; # =- number; § = results are mean 

 standard deviation or range (median); §§ the NYHA classification was used in the studies by Aaberge 
ett al. and van der Sloot et al., the other four studies used the CCS classification; " = percentage of 
patientss with improved perfusion. 
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18/74(24%) ) 

47/77(61%) ) 

58/76(76%) ) 

19/43(44%) ) 

11/14(79%) ) 

13/200 (65%)
3/788 ( 4%) 
8/73(11%) ) 

16/500 (32%) ' 
0'466 ( 0%) 
0/155 ( 0%) 

7%% (-16%- 30%) 
20%% ( 9%- 31%) 
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79%% ( 4 3 % - 115%) 

Overall l 9677 197/345 (57.1%') * ' 40/282 (14.2%+)"  42.9% (35% - 51%) 
Tablee 2a. Decrease of angina with ï 2 classes in six randomised studies of TML R vs. maximal 
medication,, n = total number of included patients; 95%CI = 95% confidence interval; * = p < 0.0001 
comparedd to maximal medication;" = cross-over excluded; ' = Mantel-Haenszel's method. 
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Tria l l 
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Tablee 2'v. jYiurtaiii y in six randomised studies of TML R vs. maximal medication, n = total number 
ofof included patients; 95%C1 = 95% confidence interval: " p = 0.43 compared to maximal medication: :; 

-- cross-over excluded; "B = cross-over with completed one-year follow up after TMLR included; ' = 
Mantel-HaenszePss method. 

Discussion n 

CC)2,, Ho:YAG and excimer TMLR results in formation of channels with a 
particularr shape and diameter and with varying degrees of myocardial 
thermall  and mechanical damage. However, whatever the working 
mechanismm of TMLR may be, differences in laser-tissue interaction seem 
too translate into only small differences in therapeutic efficacy, if any, since 
inn all randomised C02 or Ho:YAG laser trials [71-77] and in uncontrolled 
excimerr laser studies [93,110,111] TMLR was effective in relieving 
angina.. Furthermore, in all studies that assessed QOL an improvement was 
demonstrated,, Schneider et al. recently reported for a limited number of 
patientss (n = 14) that at 2 and 3 year after Ho:YAG TMLR the earlier 
reductionn of angina did not sustain [156]. However, the studies with the 
longestt follow up (5 years) demonstrated that in patients treated with 
Ho:YAGG or CO2 TMLR a reduction of anginal pain (and an improvement 
inn quality of life) can be maintained for many years [109,160]. 

Fivee out of six randomised trials (refs [71-74,76,77] and chapter 5) 
concludee that TMLR results in a relief of angina, especially in patients with 
classs IV angina. The studies by March, Frazier et al. and Spertus et al., that 
alll  more or less describe the same cohort of patients [71,74,77], and that by 
Allenn et al. [72], included cross-over for patients who failed medical 
therapy.. The cross-over rates were 32% and 60% respectively. We consider 
thee design with cross-over an important drawback of these studies. On the 
otherr hand, the choice of Allen et al. to exclusively include patients with 
classs IV angina has increased the value of this study. It is noteworthy that 
inn all six randomised studies, the patient groups that received TMLR 
directlyy after randomisation had a peri-operative mortality of 1-7%, while 
thee cross-over patients, initially randomised to medical therapy, had a peri-
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operativee mortality of 9%. When combining the results of the controlled / 
randomisedd studies with those of the uncontrolled reports, overall mortality 
upp to 12 months follow up was 22% (159 out of 738 patients) after CO: 

TMLR,, 11% (56 out of 492 patients) after Ho:YAG TMLR. 7% (3 out of 
44)) after XcCl excimer TMLR and 17% (218 out of 1274 patients) for the 
threee lasers combined (i.e. all reported TMLR patients with completed one-
yearr follow up). 

Onlyy one report of a randomised clinical trial has refrained from 
concludingg that TMLR should be used in a selected group of patients. This 
study,, by Schofield et al. [75], is the second published controlled trial 
comparingg the efficacy of TMLR with medical management and therefore 
itt is of great value and had a high impact. However, in our opinion the 
authors'' conclusion that "the adaptation of TMLR cannot be advocated" is 
nott warranted for several reasons. First, the negative conclusion is based on 
aa non-significant difference (p = 0.14) in one-year survival between the 
TMLRR and medical-management group (89% vs. 96%). One-year survival 
inn the TMLR group (consisting mainly of patients with a history of 
coronaryy artery bypass grafting) was however comparable with one-year 
survivall  (86%) after elective re-operation for coronary bypass surgery in 
similarr patients [161]. Therefore, in our opinion the reported survival after 
TMLRR is acceptable. Furthermore, angina score decreased by > 2 classes in 
24%% of TMLR and 4% of medical-management patients at one-year 
(pp < 0.001). Although this is lower than in the other randomised trials, it is 
interestingg to note that compared to the other trials relatively few patients 
(255 out of 94 patients or 27% in both groups) had class IV angina at 
baseline.. As a result, clinical efficacy, defined as a decrease in angina of 
>> 2 classes, a priori could be expected to be low. Detailed analysis of the 
publicationn shows a decrease of > 1 class in at least 66% of the TMLR 
patientss and only in 9% of medical-management patients at 3 months. We 
wouldd like to emphasise that these results are excellent considering the fact 
thatt these patients had predominantly class III angina, were severely ill 
withh inoperable coronary artery disease and probably had a poor quality of 
life.. Second, in our opinion improved quality of life is the most important 
goall  of treatment in these patients. Although Schofield et al. mention that 
qualityy of life was investigated, unfortunately the outcome of this endpoint 
hass (still) not been not reported. Quality of life was also assessed in other 
randomisedd trials discussed above and in all these trials it was significantly 
betterr after TMLR than medical management. In conclusion, the interesting 
dataa presented by Schofield et al. show a significant relief of angina in 
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patients,, while mortality was not significantly increased by TMLR, 
Therefore,, in our opinion no negative conclusions on effectiveness of 
TMLRR can be drawn from these results. 

Conclusion n 

Inn conclusion, all studies with the three clinically used lasers demonstrate 
thatt TMLR results in relief of angina (and improvement of quality of life) 
inn the majority of patients. Improved perfusion has been demonstrated in 
onlyy one out of six randomised clinical trials and in only a few 
uncontrolledd studies. Consequently, TMLR seems to be a primarily 
symptomaticc treatment. However, the label 'experimental' that many 
clinicianss still use for TMLR docs not do justice to the outcome of the 
randomisedd trials. After a proper selection of patients, TMLR can be 
performedd safely and effectively with a low peri-operative mortality and 
morbidityy and a high success rate that can sustain for a period of years 
[109].. Given these results, the conclusion is warranted that C02, Ho:YAG 
orr XeCl excimer TMLR should be the treatment of choice in selected 
patients.. Clinically, as there was no important difference between the three 
typess of laser, currently any of these lasers is suitable for TMLR. 
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Abstract t 

Refractoryy angina pectoris is defined as a chronic condition characterised 
byy severe angina caused by coronary insufficiency, which cannot be 
controlledd by conventional therapies. By definition, the presence of 
detectablee ischaemia should be established. We investigated the diagnostic 
valuee of myocardial perfusion scintigraphy (MPS) in patients with 
refractoryy angina evaluated for a randomised trail of TMLR and the 
consequencess for therapy and clinical course. 

Off  67 patients with severe angina refractory to conventional treatment 
andd proven severe coronary artery disease, as much as 22 (33%) had to be 
excludedd for TMLR because of the lack of detectable ischaemia on MPS 
(bothh visually and quantitatively). However, a subanalysis in 9 of these 
222 patients showed a significantly increased lung/heart ratio, suggesting the 
presencee of generally impaired myocardial perfusion. Thirty out of 
677 patients showed ischaemia on MPS and were randomised to immediate 
(nn = 15) or delayed TMLR after one year (n = 15). The one-year morbidity 
inn patients with ischaemia who were randomised to delayed TMLR and 
patientss without detectable ischaemia was identical, except for the number 
off  hospitalisations and alternative treatments that were significantly higher 
inn patients without detectable ischaemia. TMLR resulted in a significant 
reductionn in angina class (3.6+ 1.0 to 1.9 + 0.8), which persisted during 
thee mean follow up of 36 months, in contrast to patients excluded for 
TMLR.. Peri-operative mortality of TMLR was 7.2% and 8 patients 
experiencedd a peri-operative myocardial infarction (28.6%). During follow 
upp the number of hospitalisations for angina remained significantly higher 
inn patients without detectable ischaemia. 

Ourr results indicate that (i) the sensitivity of MPS for the detection of 
ischaemiaa in patients with refractory angina is lower than expected, (ii) the 
applicationn of alternative treatment options for symptomatic relief is 
justifiedd in all patients with refractory angina irrespective of detection of 
ischaemiaa and (iii ) TMLR is an effective palliative treatment for refractory 
anginaa in patients with detectable ischaemia, although with considerable 
pcri-operativee morbidity and mortality. 
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Introduction n 
DiagnosticDiagnostic limitations of MPS in refractory angina 

Refractoryy angina pectoris in coronary artery disease is predominantly 
definedd as a chronic condition characterised by the presence of angina 
causedd by coronary insufficiency that cannot be controlled by a 
combinationn of medical therapy, angioplasty and coronary bypass surgery. 
Thee presence of detectable reversible ischaemia should be clinically 
establishedd to be the cause of the symptoms [11]. Myocardial perfusion 
scintigraphyy (MPS) is the preferred diagnostic test in high-risk patients 
withh a high pre-test likelihood of myocardial ischaemia to determine the 
extentt and localisation of ischaemia due to perfusion impairment. The 
outcomee of MPS can often be used to identify the culprit lesion in case of 
multi-vessell  disease. In general, MPS has a high sensitivity and specificity 
andd is of prognostic value in patients with CAD, especially in patients with 
multi-vessell  disease [162-166], 

Ass far as we know, no studies have been performed on the value of 
MPSS in patients with refractory angina. Therefore, littl e is known about 
diagnosticc limitations and prognostic impact of MPS in this specific patient 
group.. We used MPS as a diagnostic tool to assess and localise ischaemia 
inn patients referred to our hospital for inclusion in a randomised trial 
evaluatingg TMLR to treat refractory angina. A considerable number of 
referredd patients had to be excluded because of the absence of ischaemia on 
visuall  assessment of MPS. This was against all expectations, since in these 
patientss the history and severity of refractory angina and the 
angiographicallyy documented extensive CAD, makes the presence of 
myocardiall  ischaemia almost certain. This was reason to assess the same 
perfusionn scans again, now using a three-dimensional sampling and 
analysiss algorithm to detect ischaemia [115] and to compare the clinical 
coursee in patients with and without MPS-detectablc ischaemia. In this 
paper,, we report on novel insight in the diagnostic value of MPS in 
refractoryy angina, and consequences for therapy and prognosis in this type 
off  patients. 

Patientss and Methods 

Patients Patients 
Thee TMLR trial has been previously described (see chapter 5). A total of 
300 patients with refractory angina and myocardial ischaemia on MPS were 
randomlyy assigned to immediate or delayed treatment with TMLR. Eligible 
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patientss were in NYHA functional class III-I V angina pectoris despite 
maximall  medication and had angiographically proven CAD that was not 
amenablee to PTCA or CABG. Patients were excluded if they had an 
ejectionn fraction < 35% or severe comorbidity. 

Potentiall  participants underwent standard MPS prior to randomisation. 
Alll  scans were visually assessed by an experienced nuclear medicine 
physician.. If sufficient ischaemia was observed (in other segments than 
basal-septa!!  or mid-septal segments), the patients qualified for entry into 
thee trial. 

TMLRR was performed through a left lateral thoracotomy, without 
cardiopulmonaryy bypass, guided by transoesophageal echocardiography 
(seee chapter 2 / rcf [70]). Transmyocardial laser channels were created in 
thee ischaemic area of the left ventricular wall identified by MPS. The 
proceduree was performed as soon as possible in patients assigned to 
immediatee TMLR and after one year in patients assigned to delayed 
TMLR.. The latter patients were medically treated during this first year. 

Thee principal analysis of the trial was a comparison of the one-year 
clinicall  course of the patients who underwent (immediate) TMLR with that 
off  the patients who received medical treatment during this period, i.e. the 
(control)) patients randomised to delayed TMLR. 

AssessmentAssessment of patients for entry into the randomised TMLR trial 
Betweenn January 1998 and March 2001, 118 patients were referred to our 
hospitall  as potential participants in the randomised TMLR trial. Figure 1 
showss the results of the assessments of these 1 18 patients. The patients 
symptomss were assessed once more at the trial centre and medication was 
adjustedd if necessary. The symptoms of 16 patients were judged as 
functionall  class II/I V angina only. The symptoms of 3 patients could be 
alleviatedd after adjustment of their anti-anginal medication. Seventeen 
patientss refused informed consent. Exclusion criteria were applicable in 
44 patients whereas 2 patients died during the assessment. The ejection 
fractionn was too low in 9 patients. 

Next,, 67 patients underwent MPS testing. Visual assessment of the 
scanss identified 29 patients with insufficient myocardial ischaemia for 
inclusionn in the TMLR trial. Two patients were excluded since their 
ischaemiaa was located in the septum and thus not accessible for TMLR. 
Thee remaining 36 patients all showed TMLR-accessiblc ischaemia on 
MPS.. All 36 patients were subjected to a final assessment to determine 
whetherr or not patients were amenable to PTCA or CABG by an independent 
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Figur ee I . In- and exclusion of patients referred for  TML R trial . //; the present study, a comparison 
isis made of diagnostic value of myocardial perfusion scintigraphy and follow up in 22 patients with no 
ischaemiaischaemia (group 'no/minimal ischaemia') versus 30 patients with moderate or severe ischaemia 
includedincluded in the TMLR trial (group 'ischaemia TMLR') and a subgroup of 15 out of these 30 patients, 

randomisedrandomised to maximal medication for one year and optional TMLR thereafter (group 
'ischaemia'ischaemia delayed TMLR ') (see boxes with bold lines). 
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interventionn cardiologist and cardiac surgeon at the trial centre. In 6 
patientss an option for PTCA or CABG existed and was performed. 
Eventually,, 30 patients met all the inclusion criteria for entry into the 
randomisedd trial. Patients who did not qualify for the randomised TMLR 
trial,, were referred back to their own cardiologist. 

Thee MPS of the 30 randomised patients and those of the 29 patients 
excludedd from the trial because of the lack of ischaemia on MPS were 
subjectedd to a (retrospective) quantitative analysis. Methods of MPS have 
beenn described in chapter 4. Stress and rest images were scored using a 
threee dimensional sampling and analysis algorithm, which generates a five-
pointt myocardial perfusion score for each myocardial segment [115]. 
Perfusionn was classified as normal (0), equivocally abnormal (1), mildly 
abnormall  (2), moderately abnormal (3) or severely abnormal (4). The 
nuclearr medicine physicians (HJV and BLFvE-S), blinded to the treatment 
andd date of MPS, reviewed the generated scores per scintigram and 
segment.. In the event of artefact scoring by the algorithm programme, 
scoress were manually adjusted. Per patient, a summed stress score, a 
summedd rest score, and a summed difference score were calculated. MPS 
wass considered normal if the summed stress score was < 3. The summed 
differencee score reflects the presence of ischaemia. No ischaemia was 
definedd as a summed difference score < 2 (e.g. [165]). 

Theree was no disagreement between the visual and quantitative 
assessmentt of MPS for the 30 randomised patients. However, the (posthoc) 
quantitativee assessment was positive for ischaemia in 7 of the 29 patients 
thatt had been refused for the randomised trial for the lack of ischaemia by 
visuall  assessment. For the remaining 22 patients, MPS showed no 
ischaemiaa both by visual and by quantitative assessment. Nine of them 
showedd no defects at stress MPS (summed stress score < 3) and 13 showed 
defectss at stress MPS that persisted through rest scintigraphy. The 
lung/heartt ratio and transient ischaemic dilatation were calculated for the 
99 patients without defects at stress MPS [167], On the anterior view of the 
raww data of the stress MPS, the mean counts per pixel in the myocardium 
weree compared to the mean counts per pixel in an arbitrarily chosen region 
overr the right lung. Volumes were automatically assessed on the non-gated 
tomographicc slices, using QPS(4i (version 3.0, Cedars-Sinai Medical 
Centre).Centre). For comparison, a group of 11 patients were randomly selected 
fromm the institutional normal myocardial perfusion database consisting of 
patientss with a low likelihood of CAD. 
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StudyStudy population, follow up and clinical events 
Thee study population for the present analysis consists of two parts: 
222 patients with refractory angina without myocardial ischaemia on MPS 
byy quantitative assessment and 30 patients with refractory angina in 
combinationn with myocardial ischaemia on MPS by quantitative analysis. 
Thee latter group is divided in two subgroups: 15 patients who underwent 
immediatee TMLR and 15 patients with delayed TMLR. 

Thee study population was followed trom the moment of MPS (t = 0) 
untill  April 1, 2003, being the end of the present study. The mean duration 
off  follow up was 36 months, with a minimum of 24 and a maximum of 61 
months,, excluding the deceased patients. Information on the occurrence 
andd cause of death, PTCA, CABG, hospitalisation for angina, and other 
treatmentss such as SCS was retrospectively gathered from the patient's 
medicall  records (by JAPvdS), if not already available in the database of the 
randomisedd study. Information on the patient's functional class (NYHA 
classification)) at one year and at the end of follow up was obtained in a 
similarr fashion. Figure 2 shows inclusion of the different groups and their 
followw up. 

Thee primary outcome of the study was the occurrence of a major 
cardiacc adverse event (MACE), which was the composite of cardiac death, 
myocardiall  infarction, PTCA, CABG, and hospitalisation for angina. All 
deathsdeaths were regarded as cardiovascular (including deaths that were sudden, 
orr of unknown cause) unless there was documented evidence of a clear 
non-cardiovascularr cause. In this study, myocardial infarction was defined 
ass the presence of at least two of the three following criteria: typical chest 
pain,, cardiac enzyme concentration at least two times above the upper limit 
off  normal, or newr ECG-changes compatible with myocardial infarction. 
Hospitall  admissions were classified as angina related when the patient file 
indicatedd that angina was the major diagnosis. 

DataData analysis and statistics 
Descriptivee statistics were generated for baseline demographic and clinical 
characteristics,, medication use, and risk factors broken-down by the 
presencepresence of ischaemia on MPS. This was also done for the quantitative 
MPSS scores at baseline. 

Thee primary assessment of the present study was the association of 
ischaemiaa at baseline MPS with early morbidity in untreated refractory 
anginaa patients. For this purpose, we compared the one-year incidence of 
MACEE and the functional status at one year between the 22 patients without 
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Figuree 2. In- and exclusion of patients for this stuch and their follow up. For the groups 
consideredconsidered in this study, boxes with hold lines are used. 
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ischaemiaa at baseline MPS and the 15 patients with ischaemia at baseline 
MPSS who had been randomised to delayed TMLR. 

Thee secondary assessment was the long-term clinical morbidity in 
TMLR-treatedd refractory angina patients (with ischaemia on MPS) 
comparedd with that in untreated refractory angina patients (with no 
ischaemiaa on MPS). For this purpose, we compared the long-term 
incidencee of MACE and the functional status at the end of follow up 
betweenn 30 TMLR-treated patients (with ischaemia at baseline MPS) and 
222 patients whom TMLR had been denied because of insufficient 
ischaemiaa on baseline MPS. 

Resultss are given as mean  standard deviation (SD), number of patients 
(n)) or frequency (%). Fisher's exact test was used to analyse differences 
betweenn groups of patients in qualitative variables. The two-tailed 
independent-samplee Mest or, when appropriate, Mann-Whitney-Wilcoxon 
testss were used to analyse differences in quantitative variables. The results 
forr primary composite endpoint MACE are presented as relative risks (RR) 
withh 95% confidence intervals (95% CI). 

Results s 

PatientPatient characteristics at baseline 
Tablee 1 shows the findings of the quantitative analysis of the baseline 
scintigrams.. As expected, there were no differences between the patients 
withh ischaemia on MPS randomised to immediate or delayed TMLR. 
Patientss with no ischaemia on MPS had substantially lower summed stress 
scoress but similar summed rest scores. In the 9 patients with summed stress 
scoress < 3, the mean lung/heart ratio was 0.37  0.4, which was slightly 
elevatedd compared to 0.33  0.4 in patients from the institutional database 
off  normals (n = 9, p = 0.04). Left ventricular volumes after stress and mean 
leftt ventricular volumes after stress were similar to those in the database of 
normals:: 53.5  17.5 ml vs. 58.0  22.0 ml, (p = 0.66) and 53.5  17.5 vs. 
45.22 3 ml (p = 0.18). 

MPS-result t 

Slimmedd stress score 
Summedd rest score 
Summedd difference score 

Noo ischaemia 
(nn = 22) 
S.11  1.5 
7.K  1.5 
0,55 2 

All( nn = 30) 
21.0=9.11 * 

7.22 5 
12.44 * 

schaemia a 
Delayedd TML R (n-

20.33  K.6 * 
8.11 6 

10.99 * 

-15) ) 

Tablee 1. Myocardial perfusion scintigraphy results at baseline (mean  standard deviation). MPS 
-- myocardial perfusion scintigraphy; n ^number of patients; * = p < 0,05 compared to no ischaemia. 
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Tablee 2 shows the baseline characteristics of patient with and without 

ischaemiaa on MPS. Most patients had a long history of CAD with 
extensivee three-vessel disease. Virtually all patients were in functional 
classs IV. With a few exceptions, all patients had a well-preserved left 
ventricularr function. There were no major discrepancies between the two 
groups. . 

One-yearOne-year morbidity and mortality inpatients without TMLR 
Tablee 3 shows the occurrence of clinical events and the one-year functional 
statuss for 22 patients without ischaemia at baseline MPS and for 
155 patients with ischaemia at baseline MPS who had been randomised to 
delayedd TMLR. Two patients without ischaemia on MPS died, one patient 
duee to the complications follow ing CABG and one patient during her sleep. 
Theree were significantly more hospitalisations for angina in the patients 
withoutt ischaemia on MPS (8 patients vs. one patient, total number of 
admissionss 15 vs. 2). There was a more than six fold increased incidence of 
MACEE in patients without ischaemia relative to patients with ischaemia on 
MPSS (RR = 6.8 [95% CI: 1.5 to 30.7]; p < 0.05). Functional class was 
similarr in the two patient groups. 

Thee medication regiments were more or less the same. Patients with no 
ischaemiaa on MPS resorted to the following additional treatments: the use 
off  opiates (n = 1), transcutaneous electric nerve stimulation (n = 3), and 
intermittentt urokinase therapy (n = 2). 

TMLRTMLR treatment 
TMLRR was performed in all 15 patients randomised to early TMLR. Two 
off  the 15 patients randomised to delayed treatment did not undergo TMLR. 
Symptomss had substantially improved (NYHA class II) in one patient and 
marginallyy (NYHA class III ) in the other patient, whose kidney function 
hadd also deteriorated. Following TMLR, no significant peri-operative 
bleedingss occurred. Eight patients developed a peri-operative myocardial 
infarctionn (CK-MBmax values 51-697 ug/1), two of them died consequently. 
AA life-threatening arrhythmia occurred during acute myocardial infarction 
inn one patient. One patient developed unstable angina 2 days after TMLR, 
whichh was treated by a percutaneous intervention of a previously 
undetectedd lesion in a saphenous vein graft to the circumflex artery. Three 
patientss developed post-operative pneumonia during their intensive care 
stay.. The mean hospital stay of the 26 surviving patients was 9  2 days 
(rangee 5-23). 
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Characteristic c 
MM  PS-result 

Noo ischaemia 
(nn = 22) 

Agee (months, mean  SD) (range) 62  10 (44-76) 
Men:: women 16:6 
Cardiacc status: 

NYHAA class HI angina (n/%) 3 (14%) 
classs IV angina (n/%) 19 (86%) 

Monthss since diagnosis of CAD (mean  SD) (range) 136  78 (13-276) 
Paiiemss with previous myocardial infarction (n/%) 13 (59%) 
Previouss CABG (n/%) 19 (86%) 
Previouss PTCA (n/%) 13 (59%) 
One-vessell  disease (n/%) 1 ( 5%) 
Two-vessell  disease (n/%) 3 (14%) 
Three-vessell  disease (n/%) 18 (82%) 
LVEFF (equilibrium radionuclide angiography, %) 56  8 (46-80) 
35%% < LVEF < 45% (n/%) 0 

Medication: : 
Medication:: double therapy (n/%) 5 (23%) 
Medication:: triple therapy (n/%) 17 (77%) 
P-blockerr (n/%) 17(77%) 
Calcium-antagonistt (n/%) 21 (95%) 
Long-actingg nitrate (n/%) 22 (100%) 
Lipid-loweringg drugs (n/%) 16 (73%) 
Ace-inhibitorss (n/%) 5 (23%) 
Diureticss (n/%) 11 (50%) 
Coumarinn derivates (n/%) 3 (14%) 
Aspirinn (n/%) 17(77%) 
Orall  anti-diabetics (n/%) 2 ( 9%) 
Insulinn (n/%) 5 (23%) 

Riskk factors: 
Familyy history of previous coronary artery disease 16 (73%) 
Hypertensionn (n/%) 7 (32%) 
Diabetess mellitus (n/%) 6 (27%) 
Hypercholesterolaemiaa (n/%) 16 (73%) 
Smokingg at baseline(n/%) 4 (18%) 
Smokingg stopped > 6 months before baseline (n/%) 11 (50%) 
Noo history of smoking (n/%) 7 (32%) 
Bodyy mass index ) 29  4 (23-37) 
Bodyy mass index > 28 (n/%) 15 (68%) 

Comorbidity: : 
COPD(n/%>> 2( 9%) 
Renall  insufficiency (n/%) 6 (27%) 
Historyy of peripheral or cerebrovascular disease (n/%) 6 (27%) 

Ischaemia a 
(nn = 30) 

?foh h 

600 8 (47-76) 
27:3 3 

4(13% % 
266 (87% 

1577 % 
211 (70% 
288 (93% 
111 (37% 

0 0 
3(10% % 

277 (90% 
566 1 

4(13% % 
73) ) 

88 (27% 
222 (73% 
30(100% % 
266 (87% 
266 (87% 
255 (83% 
111 (37% 
3(10% % 
88 (27% 

211 (70% 
4(13% % 
3(10% % 

233 (77% 
122 (40% 
55 (17% 

255 (83% 
77 (23% 

17(57% % 
66 (20% 

28^4(22-, , 
10(33% % 

2(( 7% 
3(10% % 
66 (20% 

Tablee 2. Baseline characteristics. CAD = coronary artery disease; CABG = coronary artery bypass 
graft;; COPD = chronic obstructive pulmonary disease; LVEF = left ventricular ejection fraction; MPS 
== myocardial perfusion scintigraphy; n = number of patients; NYHA = New York Heart Association; 
PTCAA = percutaneous transluminal coronary angioplasty; SD = standard deviation. 
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MM  PS-result 

Clinicall  events 

MACE(n/%) ) 
Deathh (n/%) 
Myocardiall  infarctions (n/%) 
Admissionss for angina (n/%) 
CABGG (n/%) 
PTCAA (n/%) 
Anginaa class (mean  SD): 

NYHAA class 11 angina (n/%; 
IIII  angina (n/%; 
IVV angina (n/% 
nott applicable / 

Alternativee treatments (n): 

) ) 
deceasedd (n/%) 

Noo ischaemia 
(nn = 22> 
10(45%) ) 
2(( 9%) 
11 ( 5%) 
8(36%) ) 
11 ( 5%) 

0 0 
3.77 5 

0 0 
55 (23%) 

15(68%) ) 
2(( 9%) 
66 (27%) 

Ischaemiaa / delavec 
(n-15) ) 
11 ( 7"») * 

0 0 
0 0 

11 ( 7%) * 
0 0 
0 0 

3.77 6 
11 ( 7%-) 
2(13%) ) 

122 (80%) 
0 0 
00 * 

Tablee 3. One-year  clinical events and functional status of patients with no ischaemia on MPS and 
withh ischaemia on MPS who did not undergo TMLR . CABG = coronary artery bypass graft; MACh 
-- major adverse cardiac events; MPS = myocardial perfusion scintigraphy; n - number of patients; 
NYHAA = New York Heart Association; PTCA = percutaneous transluminal coronary angioplasty; 
SDD = standard deviation; * = p < 0.05. 

Long-termLong-term morbidity and mortality in all patients 
Thee mean duration of follow up was 36 months in patients with no 
ischaemiaa on MPS and 44 months in patients with ischaemia on MPS. 
Tablee 4 shows the occurrence of clinical events and the functional status at 
thee end of follow up for 22 patients without ischaemia at baseline MPS and 
forr 30 patients with ischaemia on MPS who had been entered in the 
randomisedd trial. In addition to the two deaths within the first year (table 
3),, one additional patient without ischaemia on MPS died of myocardial 
infarction.. Furthermore, 6 patients of the randomised trial died, two of a 
TMLR-relatedd peri-operative myocardial infarction, two of a non TMLR-
relatedd myocardial infarction, one of heart failure and one of respiratory 
failure.. Two patients with no ischaemia on MPS developed myocardial 
infarctionn against 11 patients with ischaemia on MPS (including 8 peri-
operativee myocardial infarctions). Four of the latter experienced multiple 
myocardiall  infarctions (3 patients had 2 infarctions and one patient 
sufferedd 4 infarctions). One patient of each group underwent CABG, 
whereass one vs. 2 patients underwent a PTCA. Eighteen patients with no 
ischaemiaa on MPS were (at least once) admitted to a hospital against 6 
patientss with ischaemia on MPS from the randomised trial. At the end of 
followw up, there was no significant difference in MACE in patients without 
ischaemiaa compared to patients with ischaemia on MPS (RR = 1.3 [95% 
CI:: 0.8 - 2.1]). Cumulatively there were 40 hospitalisations for angina in 
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Clinicall  events 

Durationn of follow up (m)(mean  SD)(range) 

MACEE (n/%) 
Deathh (n/%) 
Myocardiall  infarctions (n/%) 
Admissionss for angina (n/%) 
CABGG (r.'%) 
PTCA(n/%) ) 
Anginaa class (mean  SD): 

NYHAA class! angina (n/%) 
111 angina (n/%) 

1111 angina (n/%) 
IVV angina (n/%) 
nott applicable / deceased (n/%) 

Alternativee treatments (n): 

Noo ischaemia 
(nn = 22) 

MM  PS-

366  16(2-61) 
(244 - 61 exci deceased) 

14(64%) ) 
3(14%) ) 
2(( 9%) 

188 (82%) 

ii  ( >%) 
11 ( 5%) 

3.66  1.0 
11 ( s5%) 

0 0 
4(18%) ) 

14(64%) ) 
3(14%) ) 
9(41%) ) 

result t 
Ischaemiaa / TML R 

(nn = 30) 
4 4ii  14(4-61) 

(24-611 exel deceased) 
15(50%) ) 
6(20%) ) 

111 (37%) 
6(20%)* * 
11 ( 3%) 
2(( 7%) 

1.99 * 
111 (46%) 
88 (27%) 
4(13%) ) 
11 ( 3%) 
6(20%) ) 
2<< 7%)* 

fablee 4: Long-term clinical events and functional status of patients with no ischaemia on MPS 
andd with ischaemia on MPS treated with TMLR . CABG = coronary artery bypass graft; 
inn = months; MACE = major adverse cardiac events; MPS = myocardial perfusion scintigraphy; 
nn = number of patients; NYMA - New York Heart Association; PTCA = percutaneous transluminal 
coronaryy angioplasty; SD = standard deviation; * = p < 0.05. 

patientss with no ischaemia on MPS and 17 in patients with ischaemia on 
MPS.. Functional status at the end of follow up was substantially better in 
TMLR-treatedd patients than in the patients with no ischaemia on MPS 
(pp < 0.01), with only one against 14 patients in NYHA class IV. 

Ninee of the patients with no ischaemia on MPS sought other treatment 
forr pain relief against 2 patients of the randomised trial. One patient in each 
groupp used opiates and 5 vs. one patient underwent TENS, whereas one 
andd 2 patients with no ischaemia on MPS underwent PMR and IUT 
treatmentt respectively. 

Discussion n 

MyocardialMyocardial perfusion scintigraphy inpatients with refractory angina 
Ourr most important finding was that in as much as 22 out of 67 patients 
(33%;; see figure 1) despite severe anginal complaints, a long history of 
anginaa and documented CAD, no ischaemia was detected on MPS. In 
general,, MPS is considered to be a reliable diagnostic tool to detect 
ischaemiaa in patients with CAD. In large, mostly unselected patient groups, 
MPSS had a high sensitivity and specificity (82-98%, pooled 90% and 
43-91%,, pooled 70%, respectively) for the detection of CAD [168-171] 
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andd is considered to be superior to other diagnostic modalities such as 
stress-echocardiographyy (sensitivity and specificity of 85% and 77%, 
respectively)) or exercise ECG (sensitivity and specificity of 52% and 71%, 
respectively)) [168,172-174]. In unselected patient groups with documented 
three-vessell  disease, sensitivity and specificity for the detection of CAD is 
evenn higher compared to patients with documented two- or one-vessel 
diseasee [169], Unfortunately, for the detection of ischaemia there is no gold 
standardd to verify the scintigraphic results. However, considering the 
longevityy and severity of anginal complaints with angiographic ally 
documentedd extensive CAD (not amenable to revascularisation therapy), 
makess the presence of ischaemia as the cause of their pain in these patients 
almostt certain. Therefore, our finding of the substantial proportion of 
patientss with refractory angina not showing ischaemia on MPS (33%) is 
remarkable. . 

Inn studies evaluating treatments for refractory angina, reasons for 
exclusionn from the trials were often specified. In such studies proven 
ischaemiaa without exception is an inclusion criterion, although only 
occasionallyy the number of patients without ischaemia on MPS was 
reported.. In three TMLR studies, the prevalence of no detectable ischaemia 
variedd between 6 and 18% [73,75,76], which is substantially lower than in 
ourr study. 

Detectionn of CAD and ischaemia by myocardial perfusion scintigraphy 
iss based on the presence of decreased tracer uptake in post-stenotic regions 
comparedd to regions supplied by normal coronary arteries, especially at 
stress.. In patients with diffuse CAD, such as in our patient population, 
inhomogeneityy of tracer distribution may be masked by diffusely impaired 
perfusionn at stress. In fact, coronary flow reserve may be impaired in all 
threee vessel regions due to multiple serial stenoses and diffuse endothelial 
dysfunction,, resulting in a homogeneous distribution of the tracer (at a low 
concentration),, despite the presence of severe CAD and, likely, the 
presencepresence of moderate or severe ischaemia. This phenomenon has recently 
beenn described by Aarnoudse et al. [175]. One would expect, that in this 
cohortt of patients with severe CAD, other scintigraphic parameters than 
tracerr distribution could reveal the presence of multi-vessel CAD and 
ischaemia,, such as transient (stress-induced) dilation, increased left 
ventricularr volumes at rest and increased lung uptake [167]. In our patient 
populationn only a slight but significant increased lung/heart ratio was 
present.. In these patients, despite their summed stress score < 3 and 
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summedd difference score < 2 on MPS, this finding suggests the presence of 
multivessell  CAD and ischaemia as an explanation for their complaints. 

Furthermore,, in non-selected patients MPS has an important prognostic 
value.. In patients with a completely normal stress scan, the risk of cardiac 
deathh or myocardial infarction is low. In 14 studies comprising 
>> 12,000 patients with stable angina and a normal stress scan, the average 
annuall  hard event-rate (death or non-fatal myocardial infarction) was 0.6% 
vs.. 7.4% in patients with an abnormal stress scan. Both fixed and reversible 
defectss are prognostically important, and quantitative analysis shows 
increasedd risk in relation to the severity of the abnormality. This has been 
demonstratedd both for 2(Jlthallium- and for 99mtechnetium-labelled tracers 
[162].. However, data on the diagnostic and prognostic value of MPS in 
patientss with refractory angina are currently lacking. 

Inn our study, patient numbers are too small and follow up too short to 
drawrr firm conclusion on the prognostic value of a MPS with no ischaemia 
inn patients with refractory angina. In patients without MPS-detectable 
ischaemia,, mortality and myocardial infarctions occurred respectively 
twicee and once in 15 patient years (and respectively thrice and twice in 
666 patient years). In patients with MPS-detectable ischaemia, no mortality 
orr myocardial infarctions were seen in 15 patient years. These relatively 
loww incidences suggest that in patients with refractory angina (and 
preservedd left ventricular function), the type of CAD essentially differs 
fromm that in the general population in aspects like the extent of collateral 
vesselss and the occurrence of acute thrombotic events, 

Surprisingly,, patients without MPS-detectable ischaemia were 
substantiallyy more frequently admitted in hospitals for angina. This 
observationn could be explained by several psychological explanations such 
ass anticipation of the patients with MPS-detectable ischaemia randomised 
too optional TMLR in the near future or in reverse the desperate search for a 
solutionn to their problem of patients excluded for a end-stage therapy like TMLR. 

TMLRR results in a significant and persistent reduction of angina. Also 
inn chapter 6, we reported an improved quality of life after TMLR [176]. 
However,, a considerable price has to be paid in terms of a significant 
increasee in major endpoints, like mortality and incidence of myocardial 
infarction.. Consequently, proper patient selection is mandatory to minimise 
thee peri-operative risk of TMLR. Given the high rate of hospitalisation and 
alternativee treatments, patients excluded for a therapy such as TMLR 
continuee to seek for a medical solution. 
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TreatmentTreatment options in refractory angina without ischaemia on MPS 
Alll  of the considered 52 patients had documented and extensive CAD 
responsiblee for their complaints. The extended cardiac history and the 
experiencee these patients have with their disease makes them experts in the 
recognitionn of their cardiac symptoms. In our opinion, this is clinically 
moree important than the findings on MPS. Despite the absence of 
ischaemiaa on MPS, there can be littl e doubt that their complaints are due to 
myocardiall  ischaemia. Furthermore, it is well known that there is no linear 
relationn between the extent and degree of ischaemia and the severity of 
complaints:: ischaemia can be silent and minimal ischaemia can result in 
severee angina. We therefore advocate that patients with the clinical 
syndromee of refractory angina but without detectable ischaemia are 
suitablee candidates for all alternative treatments, currently available for 
refractoryy angina, including TMLR. At present TMLR is only performed in 
regionss with detectable ischaemia. However, TMLR of the whole 
ventricularr wall is a therapeutic option worthy of investigation. On the 
otherr hand, to target the regions for TMLR, maybe other diagnostic 
modalities,, such as stress-echocardiography, PET or MRI, should be used 
too localise the ischaemic regions if MPS shows no detectable ischaemia. 

Conclusion n 

Currently,, most clinicians limit application of non-conventional treatments 
suchh as TMLR and spinal cord stimulation to patients with proven 
ischaemia.. Our results suggest that there is a substantial number of patients 
withh refractory angina but without detectable ischaemia on MPS. 
Additionall  studies are warranted to (i) establish the true sensitivity, 
specificityy and predictive value of MPS in a larger cohort of patients with 
refractoryy angina and (ii) elucidate the mechanism by which MPS could 
resultt in a 'false-negative' MPS in refractory angina patients. Complaints 
inn these patients are severe and maintained and can almost certainly be 
attributedd to CAD related ischaemia. Although prognosis in these patients 
seemss to be relatively good, they are more often hospitalised because of 
theirr angina. As a result, application is warranted of every reasonable 
treatmentt option for symptomatic relief that is available for patients with 
refractoryy angina. Further studies are needed to determine what treatment 
optionn (e.g. treatments aimed at pain reduction vs. other approaches) 
resultss in the best clinical outcome in terms of quality of life, morbidity, 
mortalityy and cost-effectiveness. 
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Introductio n n 

Coronaryy Artery Disease (CAD) is still the major cause of morbidity and 
mortalityy in the western world, despite all efforts in primary and secondary 
preventionn during the last decades. Thanks to new treatment modalities in 
modemm cardiology, i.e. treatment of acute coronary syndromes as well as 
off  arrhythmias and of congestive heart failure, and thanks to advancement 
off  healthcare in general, patients with a cardiac illness have an improved 
lif ee expectancy. However, improved treatment of CAD has also resulted in 
aa growing number of patients with refractory angina pectoris. In this thesis, 
researchh was focussed on this type of patient and now we will focus on the 
threee main topics of this thesis. Firstly, clinical efficacy and safety of 
TMLRR using a XcCl excimer laser are discussed. Secondly, our findings 
aree discussed with respect to effect of TMLR on myocardial perfusion and 
functionn and our work on the working mechanism of TMLR. Thirdly, the 
demonstratedd diagnostic limitation of myocardial perfusion scintigraphy to 
detectt ischaemia in patients with refractory angina is discussed, as well as 
itss implications for the clinical course and therapy in these patients. 
Finally,, a guideline is proposed for the treatment of refractory angina in 
general. . 

Clinicall  efficacy and safety of XeCI  excimer  TML R 

Inn previous studies, the clinical efficacy (i.e. the reduction of angina) of 
C022 and Ho:YAG TMLR has been demonstrated. Since CO: and Ho:YAG 
laserss have a different mechanism of tissue destruction than XeCI excimer 
lasers,, XeCI excimer TMLR may be more effective and safer than C02 or 
Ho:YAGTMLR[69]. . 

Inn our study, 79% of patients in the TMLR group showed a decrease of 
>22 angina classes at 12 months follow up, versus 0% of patients in the 
controll  group. Although assessed in a smaller number of patients, this 
resultt is at least as good as the outcome of earlier randomised TMLR 
studiess using CO: and Ho:YAG lasers. In these latter studies, angina 
decreasedd with > 2 classes in 24% to 76% of TMLR patients and with 
>> 1 class in at least 63% of TMLR patients (versus 86% in our study). As 
couldd be expected, improvement was most pronounced in patients with 
functionall  class 1V/IV angina (see chapters 5 and 7). 

Thee improvement in QOL in our study was comparable with results 
reportedd earlier for CO: or Ho:YAG TMLR. The scores of the physical 
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limitationn domain, angina frequency domain and disease perception 
domainn of the Seattle Angina Questionnaire improved significantly after 
TMLRR compared to the controls. Also the EuroQol and MOS-SF24 
questionnairess showed improvement of quality of life (see chapter 6). As in 
ourr opinion an increased QOL is the major goal of treatment of refractory 
angina,, these significant improvements are clinically even more important 
thann the observed improvement in angina class. 

!nn contrast to other investigators, we did not find any evidence for 
increasedd exercise time. This is remarkable in view of the demonstrated 
relieff  of anginal complaints. This might be explained by use of the 
modifiedd Bruce protocol to assess exercise time. This protocol includes the 
usee of an incremental workload that has the disadvantage that small 
differencess in exercise capacity cannot be detected. 

Inn our study, the peri-operatively mortality after XeCl excimer TMLR 
wass 6.8% (which was similar to the 7.7% that we observed in our results 
withh HotYAG TMLR). During the first year of follow up none of the 
controll  patients died and no additional patient died in the TMLR group. In 
thee other randomised trials, when including cross-over, mortality during 
thee first year of follow up varied from 5-21% after TMLR vs. 4-26%» in the 
controls.. Total one-year mortality after TMLR in the other randomised 
trialss was 14% (74 out of 545 patients). The peri-operative morbidity was 
low,, except for the occurrence of TMLR-related myocardial infarctions 
(44 in 15 excimer TMLR patients or 27%). 

Wee concluded that the treatment of refractory angina with excimer 
TMLRR gives similar results as earlier CO: and Ho:YAG studies, showing a 
relieff  of angina and improved quality of life without evidence of improved 
cardiacc perfusion or function. Consequently, TMLR is primarily a 
symptomaticc treatment for patients with refractory angina with no known 
prognosticc benefit, with improvement in angina and QOL that are 
comparablee to results after other approaches, including revascularisation 
strategiess such as PTCA and CABG. In view of the demonstrated clinical 
improvement,, peri-operative mortality and morbidity is acceptable. 
Therefore,, in patients with severe refractory angina, TMLR is a valuable 
option.. However, careful patient selection is mandatory since TMLR is still 
ann invasive procedure requiring general anaesthesia and a thoracotomy. 
Finally,, long-term results for excimer TMLR have to be awaited, although 
persistingg favourable results have been reported with respect to angina, 
qualityy of life and hospitalisations for unstable angina up to 5 years after 
C022 and Ho:YAG TMLR [109,160]. 
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Workin gg mechanism of TML R 

Thee initial hypothesis from which the treatment has originated was based 
onn the description of myocardial sinusoids and the observation that in 
reptiliann and some amphibian hearts, perfusion through these sinusoids 
providess the majority of blood delivery to the myocardium. Currently, this 
hypothesiss has been dismissed because in most post-mortem histology, 
fibroticfibrotic scars with an cpicardial to endocardial orientation were observed 
insteadd of open channels. At present, angiogenesis and denervation are 
consideredd the two main hypotheses to explain the clinical efficacy of 
TMLR.. In this section, after the paragraph on angiogenesis, also the effect 
off  TMLR on perfusion and function is discussed. 

Angiogenesis Angiogenesis 
Inn TMLR, using any of the three clinically available lasers, thermal 
damagee and scar formation is induced, which are likely part of the normal 
healingg response to the inflicted injury. Not surprisingly, as in any lesion 
resultingg in scar formation, angiogenesis plays a role in tissue healing and 
remodelling.. In 1 of our patients, who died 3 months after TMLR, we have 
observedd angiogenesis (see chapter 3). An interesting finding was that new 
vesselss sprouted into the myocardial tissue adjacent to the channel 
remnant.. However, whether these newly formed vessels attribute to local 
perfusionn remains doubtful. The histological appearance of the new vessels 
suggestss that the contribution to local perfusion is probably minimal. 
Althoughh the mechanistic importance of angiogenesis is probably limited, 
itt might be that angiogenesis does play a role in redistribution of local flow 
andd relief of anginal complaints following TMLR. 

Perfusion Perfusion 
Onlyy one randomised TMLR study claimed an improvement in myocardial 
perfusionn [74], In this study an unusual endo-to-epicardial perfusion ratio 
wass used, which hampers the interpretation of the findings. Conflicting 
clinicall  results on the effect of TMLR on perfusion are reported in 
uncontrolledd studies. Different detection methods for ischaemia were used, 
e.g.. MPS. stress-echocardiography, PET and MRI. In our study, scans 
showedd sustained ischaemia on MPS at 3 and 12 months follow up. In 
individuall  patients, local perfusion remained unchanged or even decreased 
whilstt these patients improved clinically (see chapter 5). In contrast to 
MPS,, however, after TMLR stress-echocardiography showed a small but 
significantt decrease in reversible wall motion abnormalities, as well as an 
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increasee in fixed wall motion abnormalities. However, compared to the 
controls,, the LVEF was unchanged 12 months after TMLR. Our findings 
mayy indicate a reduced sensitivity of stress-echocardiography for the 
detectionn of ischaemia in this specific patient group. It remains speculative 
whetherr the increase in fixed wall motion abnormalities reflects the 
presencee of dysfunctional but viable myocardium. Nevertheless, 
consideringg that angina pectoris occurs late in the cascade of events 
followingg an ischaemic insult, it can be hypothesised that although an 
increasee in perfusion may be too small to be detected by perfusion 
scintigraphy,, it may be sufficient to decrease the severity of an ischaemic 
insultt below the level of sensitisation of cardiac nociceptors. Overall, we 
concludee that TMLR does not improve myocardial perfusion and function. 

Denervation Denervation 
Myocardiall  denervation as a mechanism of anginal pain reduction 
followingg TMLR, has been much less investigated clinically. Besides our 
ownn work, two studies have been published so far. In the first study using 
PET,, denervation after TMLR was demonstrated in 6 patients, while 
increasedd innervation was seen in 2 patients [87], Recently, in a second 
study,, denervation after TMLR was demonstrated in 14 patients (whilst 
22 patients remained unchanged) using MiBG SPECT scintigraphy, as in 
ourr own study. This study was published sometime after the acceptance for 
publicationn of our own MiBG study (see chapter 4) in the same journal. 
Thee method of this and our study were almost identical, especially with 
regardd to the use of MiBG scintigraphy and semiquantative analysis of 
segmentall  results. Although the general conclusion of this paper was that 
TMLRR induces denervation, several differences should be noted. Firstly, 
33 months after TMLR, 14 patients had decreased anginal complaints and in 
onlyy 10 of these patients (71%) denervation was demonstrated. Results on 
thee number of patients showing persisting denervation at 12 months are 
lacking.. Overall, 60% (15 of 25) of the treated areas showed denervation, 
vs.. 45% in our study. Secondly, partial reinnervation was observed at 
122 months follow up. To what extent this finding corresponded with 
increasee of angina is unclear. Thirdly, although also untreated segments 
weree evaluated for denervation, the authors fail to report on this item. A 
remarkablee finding in our study was that 34% of segments showing 
denervationn were not treated. Finally, in contrast to our study, a positive 
effectt of TMLR on myocardial perfusion was observed at 3 and 12 months 
afterr TMLR [88]. Contrary to the findings in these two studies, in the 
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clinicall  denervation study described in this thesis (see chapter 4), clear 
evidencee for TMLR-induced local myocardial denervation was observed in 
alll  investigated patients. Furthermore, in the majority of denervated 
segments,, the location of denervation correlated with treated area. Finally, 
diabetess can influence the biodistribution of MiBG and influence the 
outcomee of the scans. In the other studies diabetes was present in 5 out of 
88 (63%) and 6 out of 16 (38%) patients respectively, vs. one out of 8 (13%) 
inn our study. 

Alll  patients in our study experienced significant relief of angina and 
improvedd quality of life, suggesting a correlation between local changes in 
innervationn and symptomatic status. Another observation, which provides 
supportt for the denervation hypothesis, is that many patients who are 
treatedd with TMLR experience relief of angina already within days after 
treatment.. This early relief of angina cannot be explained by the 
angiogenesiss hypothesis since it takes some time for new vessels to grow. 
However,, it is in agreement with the quickly induced damage on which the 
denervationn hypothesis is based. The denervation-evidence seems even 
moree convincing when the results of TMLR are compared with results of 
percutaneouss myocardial revascularisation (PMR), which showed 
disappointingg relief in angina [123,177]. We hypothesise that this is 
becausee the relatively large bundles of epicardially located nerve fibres are 
unaffectedd by PMR, in contrast to TMLR. Overall, we conclude that 
denervationn plays a major mechanistic role in inducing the observed 
decreasee of anginal symptoms following TMLR. 

Treatmentt  proposal for  refractory angina in the Netherlands 

Refractoryy angina pectoris is usually defined as a chronic condition of 
anginaa that cannot by controlled by medication, PTCA or CABG, in which 
reversiblee myocardial ischaemia should be clinically established to be the 
causee of the symptoms, e.g. by the Joint Study Group of the European 
Societyy of Cardiology on refractory angina. In our opinion, some aspects of 
thiss definition of refractory angina need further specification or adjustment. 
First,, optimisation of life style and medication should be included in the 
definition.. Even after optimising of life style and medication, the patient 
shouldd still experience severe angina, functional class 111 to IV/IV 
accordingg to the NYHA classification. Second, in our opinion, detectable 
ischaemiaa is not mandatory for the diagnosis of refractory angina (see 
below). . 
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Basedd on the limited evidence available in the literature and a number 

off  clinical considerations, a guideline for treatment of refractory angina is 
proposedd (figure 1). This proposal only considers management of stable 
refractoryy angina. In the following section, the consecutive levels of the 
guidelinee will be discussed in separate paragraphs. 

OptimisationOptimisation of life style and medication 
Lifee style changes remain important in this type of patients with refractory 
anginaa to delay the process of atherosclerosis. Weight reduction with a 
Mediterraneann diet, cessation of smoking and excessive alcohol 
consumption,, adjustment of physical activity to a moderate level and 
avoidingg mental stress, are recommended. Optimisation of medication 
includess maximal tolerable dosages of (3-blockers, long-acting nitrates and 
calcium-antagonists,, besides aspirin and lipid-lowering drugs. Conco-
mitantt disorders such as hypertension, diabetes and hypercholesterolemia 
shouldd be managed as optimal as possible. In some patients, adding 
amiodaronee in a low dosage or a potassium channel-activator is 
recommended. . 

LifeLife expectancy 
Inn patients with a life expectancy of less than one year, choice of treatment 
shouldd be focussed on palliation in general and also on relief of anginal 
complaints.. Consequently, therapy should not burden the patient with 
frequentt visits to their physicians or obligatory hospital admissions. Only 
minimallyy invasive surgery should be considered. The choice for TENS 
andd SCS has the additional benefit that the patient, to some extent, can 
managee his own degree of pain reduction. 

OperativeOperative risk 
Thee strongest parameters determining the operative risk in an individual 
patientt are cardiac, renal and pulmonary function. There is an increased 
peri-operativee risk in case of left ventricular dysfunction (LVEF < 40%) 
[74,157],, renal insufficiency (arbitrarily, at creatinin > 175 u.mol/1), and 
chronicc obstructive pulmonary disease (CO diffusion < 40%, FEV, < 40% 
off  normal) [178,179]. Therefore, to guide treatment choices, in the 
guidelinee proposal patients are primarily divided into patients with a low 
operativee risk and patients with a high operative risk. However, the 
patient'ss perception of the complaints and the patient's preferences and 
expectationss must also be taken into account. Patients with very severe 
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Figuree 1. Guideline proposal for  treatment of patients with stable severe refractory angina 
(dashedd lines for  experimental treatments). CABG == coronary artery bypass grafting; 
CAGG = coronary angiography: CO - carbon monoxide: COPD - chronic obstructive pulmonary 
disease;; ETS = endoscopic thoracoscopic sympathectomy; FEV| = forced expiratory volume in 1 s 
(40%NN = 40% of normal): IUT = intermittent urokinase therapy: LSGB = left stellate ganglion 
blockade:: PTCA - percutaneous transluminal coronary angioplasty: random (TMLR PMR) = (TMLR 

PMR)) of the whole ventricular wall; SCS = spinal cord stimulation: TMLR = transmyocardial laser 
revascularisation:: TEDA = thoracic epidural anaesthesia: TENS = transcutaneous electric nerve 
stimulation. . 
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complaints,, patients who cannot accept the constraints of a sedentary life, 
orr patients with more risk-prone behaviour might be willing to accept higher 
operativee risks. The ultimate decision, therefore, is taken with the patient 
byy carefully balancing the operative risk with the potential alleviation of 
symptomss and the ensuing gain in quality of life. 

MyocardialMyocardial ischaemia 
Patientss were furthermore deliberately divided into a group with no or 
minimall  ischaemia, and a group with moderate to severe ischaemia, as 
testedd with currently available diagnostic modalities (e.g. MPS, stress-
echocardiography,, PET or MRI). As we have stressed above, detectable 
ischaemiaa is not mandatory for the diagnosis refractory angina. In these 
patients,, ischaemia is certainly the cause of their complaints, even if you 
cannott detect the ischaemia, given the following patient characteristics. 
Mostt patients with refractory angina have a long history of CAD, always 
provenn by angiography, and found to be not amenable for revascularisation 
byy intervention cardiologists and cardiac surgeons. These patients do 
recognisee their symptoms, due to their experiences, and feel whether their 
complaintss are due to a cardiac cause or due to something else. If in this 
typee of patients ischaemia cannot be demonstrated, ischaemia should still 
bee considered to be the cause of their anginal complaints. In our own study 
ass much as 33% of patients with anginal complaints refractory to 
conventionall  treatment had no detectable ischaemia (see chapter 8). In 
otherr words, these patients had refractory angina pectoris according to all 
featuress of the definition, except for detectable ischaemia. Therefore, we 
proposee to treat patients with refractory angina, irrespective of the presence 
off  detectable ischaemia at testing. However, the inability to localise 
ischaemiaa excludes targeted TMLR to a specific region of the heart. This 
clinicall  point of view is integrated in the above proposal for management 
off  refractory angina. 

TreatmentTreatment modalities 
Notee that of all alternative treatments of refractory angina, transcutaneous 
electricc nerve stimulation (TENS) is relatively well accepted without 
appropriatee clinical evidence and only spinal cord stimulation (SCS), 
TMLRR and PMR have been studied in a randomised fashion. 
Unfortunately,, the major randomised study on SCS has been performed in 
patientss with a high operative risk that were eligible for CABG [42]. 
Consequently,, these patients did not have true refractory angina. TMLR 
demonstratedd a beneficial effect in all six randomised trials that to date 
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havee been published. Of these four treatments, only TENS, SCS and 
TMLRR are considered first choice treatment options. PMR has not been 
includedd as a first choice treatment option in the proposal as such because 
randomisedd trials either did not demonstrate a beneficial effect, or were 
stoppedd prematurely, except for one study [177]. Consequently, PMR and 
severall  other therapeutical approaches (i.e. IUT, TEDA, ETS and LSGB) 
includedd in the proposal have to be classified as experimental. Also TMLR 
(orr PMR) of the whole ventricular wall (random TMLR, random PMR) in 
patientss with diffuse ischaemia and a low operative risk should be 
classifiedd as such. New therapeutic strategies, such as gene therapy and 
injectionn of growth factors [63-65]) were excluded, although very 
promising,, because of minimal clinical experience as were other 
experimentall  treatments with limited clinical applicability, such as 
enhancedd external counterpulsation (EEC). Finally, at present refractory 
anginaa with preserved left ventricular function is no indication for heart 
transplantation. . 

CentresCentres for the management of refractory angina 
Ann additional objective of the guideline proposal is to initiate a broader 
discussionn on optimising management of refractory angina. Because of the 
complexityy of the clinical problems concerning refractory angina pectoris 
andd the necessity to search for and to investigate new treatment modalities, 
itt is recommended to create specialised centres for treatment of patients 
withh refractory angina pectoris. Such centres need to be suitably equipped 
too adequately compare various therapeutical approaches. Such comparisons 
aree currently lacking, e.g. a randomised comparison of SCS and TMLR. 
Furthermore,, in such centres new approaches could be evaluated in a 
sufficientt number of patients, i.e. application of growth factors and 
combinationss of different therapies. Given the results of our denervation 
study,, further research focussed on epicardial, non-transmyocardial laser 
applicationss might be indicated. Furthermore, other methods to induce 
epicardiall  denervation as well as other approaches to induce local 
denervationn are potential future investigation projects. In these centres of 
expertise,, a multidisciplinary staff should treat the patients on an individual 
basiss according to properly updated guidelines and participate in studies 
concerningg research in refractory angina. Such a multidisciplinary staff 
shouldd be composed of cardiologists, intervention cardiologists, cardiac 
surgeons,, nuclear medicine physicians, anaesthesiologists specialised in 
treatmentt of pain, psychologists, social workers and nurses trained in 
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specificc care for patients with refractory angina. In these centres TENS. 
TMLRR and SCS should be available. Given the estimated incidence of 
refractoryy angina in the Netherlands (at least 1000 to 2000 patients / year) 
andd the geographic and demographic situation, two or three of such centres 
probablyy would be sufficient. 

InterestInterest in TMLR 
Despitee clinical success, approval by the Food and Drug Administration 
andd insurance coverage in the USA. there is a remarkable reduction in 
interestt in TMLR. After a period with a high number of publications per 
year,, the number of annual publications on TMLR is gradually declining 
(seee figure 2). Editors of international journals are less willing to accept 
paperss for publication, the number of patients treated by TMLR seems to 
decreasee rather than increase and TMLR companies have problems to 
survive.. Several reasons can explain this decline of interest. The second 
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Figur ee 2. Number of publications on TML R and I'M R per  year  between 1981 and 2003. Included 
areare all /onus of publications (clinical and experimental), including journal articles, (meeting} 
abstracts,abstracts, letters, replies to letters, conference discussions, reviews and editorials. For 2003 the 
numbernumber of publications in the first 6 months have been doubled to gel an annual estimate. 
PMRR - percutaneous myocardial revascularisation; TMLR = transmyocardial laser revascularisation. 
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publishedd controlled TMLR trial [75] was of great importance and 
considerablee impact. This study, published in 1999, overall showed a 
significantt relief of angina, while none of the other results reached 
significance.. In spite of their promising clinical outcome, a (non-
significant)) difference in mortality prompted the investigators to conclude 
thatt "the adaptation of TMLR cannot be advocated". This publication, in 
combinationn with lack of consensus on the working mechanism of TMLR, 
hass made acceptation of the therapy problematic. Increasing evidence to 
supportt the denervation hypothesis probably will have a limited effect on 
currentt sentiments. Moreover, pioneers in TMLR research aimed at 
increasingg local perfusion. Increasing perfusion is one of the pillars of anti-
anginall  therapy. The idea that TMLR induces minimal or no effect on local 
perfusionn and 'only' induces denervation evidently affects clinical interest 
negatively.. As TMLR involves major surgery with substantial morbidity 
andd mortality, TMLR nowadays is rarely advocated and other treatment 
optionss are preferred although not always available. As a result, treatments 
otherr than medication are often withheld. 

Givenn the impressive clinical improvement in the majority of patients 
treatedd with TMLR, it is beyond doubt that this treatment modality still 
deservess a place in the treatment arsenal of physicians caring for patients 
withh refractory angina and be the therapy of choice in a carefully selected 
groupp of patients. In the recently published ACC / AHA 2002 guideline 
updatee for the management of patients with chronic stable angina, this 
opinionn is shared, given their Class Ila recommendation for TMLR (Class 
Haa = weight of evidence/opinion is in favour of usefulness/efficacy) [43]. 

Conclusions s 

Firstly,, TMLR using a XeCl excimer laser is highly effective in relieving 
refractoryy angina pectoris and improving quality of life, at least up to 
122 months after the procedure. With careful consideration of the operative 
risks,, TMLR should not be withheld in a selected group of patients. 

Secondly,, since after TMLR no improved myocardial perfusion was 
foundd and our study showed signs of denervation, clinical improvement is 
inducedd by denervation rather than by angiogenesis. 

Thirdly,, patients with the clinical syndrome of refractory angina 
withoutt documented ischaemia should not be excluded from alternative 
treatmentt strategics. A guideline for patient selection, treatment and future 
researchh in specialised centres is proposed. For the final choice of 
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treatment,, the patient's opinion and perception of complaints together  with 
hiss physical status and treatment-related risks are decisive. 
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Summary y 

Chapterr  1 provides an introduction of this thesis and is composed of three 
parts: : 

Partt 1, entitled 'conventional treatment of angina pectoris', describes 
thee different definitions of angina pectoris and gives some insight in the 
epidemiologyy of coronary artery disease in the Netherlands. Despite all 
effortss concerning primary and secondary prevention of cardiovascular 
diseases,, they are still the leading cause of morbidity and mortality in the 
Netherlands.. For example in 2001 more than 34% of all deaths were due to 
ischaemicc heart disease. Furthermore the different conventional treatment 
regimentss of stable angina pectoris, i.e. medication, PTCA and CABG, are 
shortlyy described. 

Partt 2, called 'treatment of refractory angina pectoris' discusses several 
differentt treatment modalities that are available for the treatment of 
refractoryy angina with special attention for transmyocardial laser 
revascularisationn (TMLR) and the main hypotheses of its working 
mechanism:: Patent channels, angiogenesis and denervation. 

Partt 3 provides an overview of the aims and the structure of this thesis. 

Chapterr  2 shows two-dimensional echocardiography images of laser-
madee channels in the myocardium in an experimental model and in a 
patientt treated with TMLR. 

Chapterr  3 describes a histological case report of a patient that died 
33 months after XeCl excimer TMLR. In the treated myocardium, no patent 
channelss were found but scars were seen with a linear distribution and in 
continuityy with circumscribed small fibrotic endocardial and epicardial 
scars.. The scars were highly vascularised by new vessels, ranging from 
smalll  capillaries to large thin-walled, and sometimes branching ectatic 
vessels.. Sprouting of vessels into the adjacent myocardium was also 
observed.. These results support the hypothesis that angiogenesis plays 
somee role in the clinical improvement after TMLR. 

Inn chaper4 a clinical study investigating TMLR-induced changes in 
innervationn is described. In 8 patients, Ho:YAG or XeCl excimer TMLR 
wass performed and myocardial innervation (using 123l-MiB G SPECT 
scintigraphy),, perfusion (using wTc-TF SPECT scintigraphy), and function 
(usingg stress echocardiography) were assessed pre- and post-operaiively. 
Post-operativee 123I-MiB G SPECT scintigraphy demonstrated myocardial 
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denervationn in all 8 patients (p = 0.00005). Using a segmental comparison 
off  denervation and TMLR-treated area, we found that 86% of denervated 
segmentss could be correlated to TMLR. Myocardial perfusion scintigraphy 
andd stress-echocardiography did not change significantly. In all patients 
anginaa was reduced with > 2 classes at 12 months follow up and quality of 
lif ee improved significantly. In conclusion, TMLR-induced improvements 
off  angina and quality of life may be explained by destruction of 
nociceptorss or cardiac neural pathways. 

Chapterss 5 and 6 describe the results of a randomised clinical trial 
investigatingg XeCl excimer TMLR as a treatment for severe refractory 
anginaa pectoris. Thirty patients with New York Heart Association (NYHA) 
functionall  class III-IV/I V angina, a reversible defect on 99Tc-TF SPECT 
perfusionn scintigraphy, a left ventricular ejection fraction > 35% and no 
optionn for PTCA or CABG were randomised to excimer TMLR with 
maximall  anti-anginal medication (n = 15) or continued maximal anti-
anginall  medication alone {n = 15). Patients were followed during one year 
withh assessment of angina class, quality of life (described separately in 
chapterr 6), myocardial perfusion scintigraphy, exercise tolerance and 
stress-echocardiography.. One TMLR patient died peri-operatively vs. none 
inn the controls. In the TMLR group angina decreased from class 3.8  0.4 
att baseline to 1.9  0.9 at 12 months, versus 3.9  0.3 to 3.7  0.6 
respectivelyy in the control group (p < 0.0001). At 12 months, a decrease of 
>> 2 angina classes was found in 11 out of 14 (79%) TMLR patients versus 
nonee of the controls (p < 0.01). At 12 months, improvement in the three 
usedd QOL questionnaires was significantly higher in the TMLR group vs. 
thee control group. A decrease in wall motion abnormality score was found 
withoutt improvement in myocardial perfusion or exercise time. The results 
off  this study show that XeCl excimer TMLR is very effective in reducing 
anginall  symptoms and improving QOL in the selected patient group, with 
resultss that are comparable to C02 and Ho:YAG TMLR. 

Chapterr  7 gives an overview of the current clinical TMLR literature. Since 
itss first clinical application in 1981, many reports have described the use of 
TMLRR as a treatment for refractory angina pectoris. In the current chapter 
bothh uncontrolled and controlled stand-alone TMLR studies (using CO:, 
HorYAGG and XeCl excimer lasers) that have been published are reviewed. 

Forr uncontrolled TMLR, a total of 721 C02, 251 Ho:YAG and 34 XeCl 
excimerr patients have been described. Overall, in respectively 349, 222 and 
277 patients with a completed one-year follow up, angina decreased from 
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classs 3.2  0.5 to 2.2 + 0.9 after C02, 3.7  0.3 to 2.0  0.7 after Ho:YAG 
andd 3.5 + 0.5 to 1.8  0.5 after XeCl excimer TMLR. Mortality at 
8-122 months was 25% after C02 TMLR, 12% after Ho:YAG TMLR and 
7%% after XeCl excimer TMLR. 

Inn six randomised TMLR trials (3 C02, 2 Ho:YAG, 1 XeCl excimer), 
anginaa decreased > 2 classes in 24-72% of CO? treated patients, in 61-76% 
off  Ho:YAG treated patients and in 79% of XeCl excimer treated patients 
(alll  significant compared to medication). Including cross-over, one-year 
mortalityy was 12-21% after C02, 5-13% after Ho:YAG TMLR and 
7%)) after XeCl excimer TMLR (no differences compared to medication). 

AA meta-analysis of the six randomised TMLR trials was also performed. 
Inn a total of 967 patients, 57.1% (197 out of 345) of the TMLR patients 
improvedd > 2 classes in angina compared to 14.2% (40 out of 282) in the 
maximall  medication group (absolute difference 42.9%, 95%CI: 35%-51%, 
pp < 0.0001). The relative risk of mortality was 1.16 (95%CI: 0.80-1.71, 
pp = 0.43) comparing TMLR with maximal medication. 

Inn conclusion, all studies with the three clinically used lasers 
demonstratee relief of angina in the majority of patients, combined with an 
acceptablee peri-operative mortality. Therefore, after a proper selection of 
patients,, TMLR can be performed safely and effectively and should be the 
treatmentt of choice in selected patients. Clinically, as there was no 
importantt difference between the three types of laser, currently any of these 
laserss is suitable for TMLR. 

Chapterr  8 discusses the diagnostic limitations of myocardial perfusion 
scintigraphyy (MPS) in refractory angina pectoris, as well as its 
consequencess for therapy. Refractory angina pectoris is defined as a 
chronicc condition characterised by severe angina caused by coronary 
insufficiencyy that cannot be controlled by conventional therapies. By 
definition,, the presence of detectable ischaemia should be established. We 
investigatedd the diagnostic value of myocardial MPS in patients with 
refractoryy angina evaluated for inclusion in a randomised trail of TMLR 
andd the consequences for therapy and clinical course. 

Off  67 patients with severe angina refractory to conventional treatment 
andd with proven severe coronary artery disease, as much as 22 (33%) were 
excludedd for TMLR because of the lack of detectable ischaemia on MPS 
(bothh visually and quantitatively). However, a subanalysis in 9 of these 
222 patients showed a significantly increased lung/heart ratio, suggesting the 
presencepresence of generally impaired myocardial perfusion. Thirty out of 
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677 patients showed ischaemia on MPS and were randomised to immediate 
(nn = 15) or delayed TMLR after one year (n = 15). The one-year morbidity 
inn patients with ischaemia who were randomised to delayed TMLR and 
patientss without detectable ischaemia was identical, except for the number 
off  hospitalisations and alternative treatments that were significantly higher 
inn patients without detectable ischaemia. TMLR resulted in a significant 
reductionn in angina class (3.6  1.0 to 1.9 + 0.8), which persisted during 
thee mean follow up of 36 months, in contrast to patients excluded for 
TMLR.. Peri-operative mortality of TMLR was 7.2% and 8 patients 
experiencedd a peri-operative myocardial infarction (28.6%). During follow 
upp the number of hospitalisations for angina remained significantly higher 
inn patients without detectable ischaemia. 

Thesee results indicate that (i) the sensitivity of MPS for the detection of 
ischaemiaa in patients with refractory angina is lower than expected, (ii) the 
applicationn of alternative treatment options for symptomatic relief is 
justifiedd in all patients with refractory angina irrespective of detection of 
ischaemiaa and (iii ) TMLR is an effective palliative treatment for refractory 
anginaa in patients with detectable ischaemia, although with considerable 
peri-operativee morbidity and mortality. 

Finally,, in chapter  9 the outcome of the research in this thesis is evaluated 
inn a general discussion resulting in the following conclusions: 

Firstly,, TMLR using a XeCl excimer laser is highly effective in 
relievingg refractory angina pectoris and improving quality of life, at least 
upp to 12 months after the procedure. With careful consideration of the 
operativee risks, TMLR should not be withheld in a selected group of 
patients. . 

Secondly,, since no improved myocardial perfusion was found after 
TMLRR and our study showed signs of denervation, clinical improvement is 
inducedd by denervation rather than by angiogenesis. 

Thirdly,, patients with the clinical syndrome of refractory angina 
withoutt documented ischaemia should not be excluded from alternative 
treatmentt strategies. A guideline for patient selection, treatment and future 
researchh in specialised centres is proposed. For the final choice of 
treatment,, the patient's opinion and perception of complaints together with 
hiss physical status and treatment-related risk are decisive. 
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Samenvatting g 

Hoofdstukk 1 is de introductie van dit proefschrift en bestaat uit drie delen: 
Deell  1, getiteld 'conventionele behandeling van angina pectoris', 

beschrijftt de verschillende definities van angina pectoris en geeft enig 
inzichtt in de epidemiologie van ischaemische hartziekten in Nederland. 
Ondankss alle inspanningen met betrekking tot primaire en secundaire 
preventiee van hart- en vaatziekten zijn zij nog steeds de belangrijkste 
oorzaakk van morbiditeit en mortaliteit in Nederland. In 2001 bijvoorbeeld 
wass 34% van alle doden het gevolg van ischaemische hartziekten. Tevens 
wordenn de verschillende conventionele behandelingen van stabiele angina 
pectoris,, te weten medicatie, PTCA en CABG, kort beschreven. 

Deell  2, geheten 'behandeling van refractaire angina pectoris' 
bcdiscussieertt verschillende behandelingsmodaliteiten zoals die nu 
beschikbaarr zijn voor de behandeling van refractaire angina pectoris. 
Hierbijj  wordt speciale aandacht besteed aan transmyocardiale laser 
rcvascularisatiee (TMLR) en worden de belangrijkste hypotheses van het 
werkingsmechanismee besproken: Persisterende kanalen, angiogenese en 
denervatie. . 

Deell  3 geeft een overzicht van de doelstellingen en de opbouw van dit 
proefschrift. . 

Inn hoofdstuk 2 worden twee-dimensionale cchocardiografie-beelden 
getoondd van laser-kanalen in het myocard in een experimenteel model en 
bijj  cen patient die behandeld werd met TMLR. 

Inn hoofdstuk 3 wordt de histologie bevindingen beschreven bij een patiënt 
diee 3 maanden na XeCl excimer TMLR is overleden. In het behandeld 
myocardmyocard werden geen open kanalen aangetroffen maar littekens met een 
lineairee distributie die in verbinding stonden met kleine fïbrotische 
endocardiall  en epicardiale littekens. De littekens waren sterk 
gevasculariseerdd met nieuwe bloedvaten, variërend van kleine capillairen 
tott grote dunwandige en soms vertakkende ectatische vaten. Uitgroei van 
vatenn naar het omliggende myocard werd ook gezien. Deze resultaten 
ondersteunenn de hypothese dat angiogenese een rol speelt in de klinische 
verbeteringg na TMLR. 

Inn hoofdstuk 4 wordt een klinische studie beschreven naar TMLR-
geïnduceerdee veranderingen in myocardiale innervatie. Bij 8 patiënten 
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werdd Ho:YAG of XeCl excimer TMLR uitgevoerd en werden myocardiale 
innervatiee (m.b.v. l23I-MiB G SPECT scintigrafie), myocardiale perfusie 
(m.b.v.. 99Tc-TF SPECT scintigrafie) en functie (m.b.v. stress-
echocardiografie)) pre- en post-operatief onderzocht. Post-operatieve 
~~ I-MiBG SPECT scintigrafie toonde significante myocardiale denervatie 

aann bij alle 8 patiënten (p = 0,00005). Gebruik makend van een segmentele 
vergelijkingg tussen gebieden met denervatie en behandelde gebieden 
vondenn wij dat in 86% van de gcdencrveerde segmenten de denervatie kon 
wordenn gecorreleerd aan de TMLR behandeling. Myocardiale perfusie 
scintigrafiee en stress-echocardiografie veranderden niet significant. Bij alle 
patiëntenn was de angina pectoris met > 2 klassen afgenomen 12 maanden 
naa TMLR en de kwaliteit van leven significant verbeterd. Concluderend 
kunnenn de TMLR-geïnduccerde verbeteringen in angina pectoris en 
kwaliteitt van leven verklaard worden door destructie van pijnsensoren of 
cardialee zenuwbanen. 

Inn de hoofdstukken 5 en 6 worden de resultaten van een gerandomiseerde 
klinischee studie naar XeCl excimer TMLR als behandeling voor ernstige 
refractairee angina pectoris beschreven. Dertig patiënten met New York 
Heartt Association (NYHA) functionele angina pectoris klasse III-JV/IV , 
eenn reversibel perfusiedefect aangetoond met wTc-TF SPECT perfusie 
scintigrafie,, een ejectie fractie > 35% en geen mogelijkheden voor PTCA 
off  CABG, werden gerandomiseerd naar excimer TMLR in combinatie met 
maximalee anti-angineuze medicatie (n = 15) of alleen maximale anti-
angincuzee medicatie (n = 15). Patiënten werden gedurende één jaar 
vervolgdd waarbij gekeken werd naar de angina klasse, de kwaliteit van 
levenn (apart beschreven in hoofdstuk 6), de bevindingen bij myocardiale 
perfusiee scintigrafie, inspannings-tolerantie en die bij stress-echocardiogra-
fie.. Eén patiënt overleed post-operatief na TMLR vs. geen van de controle 
patiënten.. In de TMLR groep nam de angina klasse af van 3,8  0,4 pre-
operatieff  naar 1,9  0,9 twaalf maanden na TMLR, versus van 3,9  0,3 
naarr 3,7  0,6 in de medicatiegroep (p < 0,0001). Bij 11 van de 14 (79%) 
TMLRR patiënten nam de angina met > 2 NYHA klassen af op 12 maanden. 
Ditt was bij geen van de controle patiënten het geval. Na 12 maanden 
toondenn de drie gebruikte kwaliteit van leven vragenlijsten een significante 
verbeteringg in de TMLR groep in vergelijking met de controle groep. Een 
afnamee in wandbewegingsstoornissen op 12 maanden in de TMLR groep 
werdd gevonden zonder verbetering in inspannings-tolerantie of 
myocardialee perfusie. De resultaten van deze studie tonen dat XeCl 
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cxcimerr TMLR een effectieve behandeling is voor de reductie van 
angineuzee klachten en verbetering van kwaliteit van leven in de 
geselecteerdee groep patiënten, met resultaten vergelijkbaar met die van 
CO:enHo:YAGTMLR. . 

Inn hoofdstuk 7 wordt een overzicht gegeven van de huidige klinische 
TMLRR literatuur. Sinds de eerste klinische toepassing in 1981 hebben veel 
artikelenn het gebruik van TMLR als behandeling van refractaire angina 
pectoriss beschreven. In dit hoofdstuk worden zowel ongecontroleerde als 
gecontroleerdee 'stand-alone1 TMLR studies (gebruik makend van C02. 
Ho:YAGG en XeCl excimer lasers), zoals die gepubliceerd zijn, beschreven. 

Watt betreft de ongecontroleerde TMLR studies zijn in totaal 721 C02, 
2511 Ho:YAG en 34 XeCl excimer laser patiënten beschreven. Over het 
geheell  genomen, voor respectievelijk 349, 222 en 27 patiënten die 
gedurendee het gehele eerste jaar vervolgd werden, nam de angina klasse af 
vann 3,2  0,5 naar 2,2  0,9 na CO: TMLR, van 3,7  0,3 naar 2,0  0,7 na 
Ho:YAGG TMLR en van 3,5  0,5 naar 1,8  0,5 na XeCl excimer TMLR. 
Naa 8-12 maanden bedroeg de mortaliteit in deze studies 25% na C02 

TMLR,, 12% na Ho:YAG TMLR en 7% na XeCl excimer TMLR. 
Inn zes gerandomiseerde TMLR studies (3 CO2, 2 Ho:YAG, 1 XeCl 

excimer)) nam de angina > 2 klasses af bij 24-72% van de met C02 laser 
behandeldee patiënten, bij 61-76% van de met Ho:YAG laser behandelde 
patiëntenn en bij 79% van de met XeCl excimer laser behandelde patiënten. 
All ee veranderingen waren significant vergeleken met die van patiënten 
behandeldd met maximale medicatie. Inclusief de cross-over patiënten 
bedroegg de 1-jaars mortaliteit 12-21% na CO: laserbehandeling, 5-13% na 
Ho:YAGG TMLR en 7% na XeCl excimer TMLR (geen verschil in 
vergelijkingg met de mortaliteit van met maximale medicatie behandelde 
patiënten). . 

Err werd ook een meta-analyse verricht van de zes gerandomiseerde 
TMLRR studies. Van de in totaal 967 patiënten nam de angina > 2 klasses af 
bijj  57,1% (197 van de 345) van de TMLR patiënten vergeleken met 14,2% 
(400 van de 282) van de met maximale medicatie behandelde patiënten 
(absoluutt verschil 42,9%, 95%CI: 35%-51%, p < 0,0001). De TMLR groep 
vergelijkendd met de maximale medicatie groep liet een relatief risico voor 
mortaliteitt zien van 1,16 (95%CI: 0,80-1,71, p = 0.43). 

Concluderendd laten alle studies met de drie klinisch gebruikte lasers een 
afnamee in angina zien bij het merendeel van de patiënten, gecombineerd 
mett een acceptabele peri-operatieve mortaliteit. Daarom kan TMLR, na 
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eenn zorgvuldige selectie van patiënten, veilig en effectief worden toegepast 
enn zou dit de behandeling van keuze moeten zijn in geselecteerde 
patiënten.. Aangezien er geen belangrijke klinische verschillen werden 
gezienn tussen de drie gebruikte laser types wordt geconcludeerd dat ze op 
ditt moment alle drie geschikt zijn voor TMLR. 

Inn hoofdstuk 8 worden de diagnostische beperkingen van myocardiale 
perfusiee scintigrafïe (MPS) bij rcfractaire angina pectoris besproken, 
alsmedee de gevolgen daarvan voor de therapie. Refractaire angina pectoris 
wordtt gedefinieerd als een chronisch ziektebeeld met ernstige angina 
veroorzaaktt door coronair insufficiëntie, die niet afdoende behandeld kan 
wordenn met een van de conventionele therapieën. Volgens de definitie 
moett de aanwezigheid van ischaemie hierbij aangetoond zijn. Wij 
onderzochtenn de diagnostische waarde van MPS bij patiënten met 
refractairee angina, die geëvalueerd werden voor inclusie in een 
gerandomiseerdee TMLR studie, en onderzochten de consequenties van de 
uitslagg van dit onderzoek voor de therapie en het verdere klinische beloop. 

Vann de 67 patiënten met ernstige angina refractair voor conventionele 
behandelingg werden er 22 (33%) uitgesloten van behandeling met TMLR 
vanwegee het ontbreken van aantoonbare ischaemie met behulp van MPS 
(zowell  visueel als kwantitatief). Een subanalyse bij 9 van de 22 patiënten 
toondee wel een significante toename van de long/hart ratio, suggestief voor 
dee aanwezigheid van een diffuus gestoorde myocardiale perfusie. Dertig 
vann de 67 patiënten bij wie door middel van MPS wel ischaemie 
aantoonbaarr was, werden gerandomiseerd naar directe (n = 15) of één jaar 
uitgesteldee TMLR behandeling (n = 15). De 1-jaars morbiditeit van 
patiëntenn met ischaemie gerandomiseerd naar de uitgestelde TMLR 
behandelingg en die van patiënten zonder aantoonbare ischaemie was 
identiek,, met uitzondering van het aantal ziekenhuisopnames en 
alternatievee behandelingen die significant hoger waren voor de patiënten 
zonderr aantoonbare ischaemie. TMLR leidde tot een significante afname in 
anginaa klasse (3,6  1,0 naar 1,9  0,8), welke gedurende een gemiddelde 
followw up duur van 36 maanden bleef bestaan. Dit in tegenstelling tot de 
bevindingenn bij de voor TMLR geëxcludeerde patiënten. De peri-
operatievee mortaliteit door TMLR bedroeg 7,2% en 8 patiënten (28,6%) 
kregenn peri-operatief een hartinfarct. Tijdens de gehele follow up bleef het 
aantall  opnames voor angina significant hoger voor de patiënten zonder 
aantoonbaree ischaemie. 
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Dezee resultaten tonen aan dat (i) de sensitiviteit van MPS voor het 

detecterenn van ischaemie bij patiënten met refractaire angina lager is dan 
verwacht,, (ii) de toepassing van niet-conventionele behandelingen ter 
verlichtingg van de klachten gerechtvaardigd is, onafhankelijk van de 
detectiee van ischaemie, en (iii ) TMLR als palliatieve behandeling effectief 
iss bij patiënten met refractaire angina en aantoonbare ischaemie, zij het met 
eenn substantiële peri-operative morbiditeit en mortaliteit. 

Tenslottee worden in hoofdstuk 9 de resultaten van het onderzoek uit dit 
proefschriftt geëvalueerd in een algemene discussie, resulterend in de 
volgendee conclusies: 

Tenn eerste is TMLR met een XeCl excimer laser zeer effectief in het 
verlichtenn van refractaire angina pectoris en het verbeteren van de kwaliteit 
vann leven gedurende ten minste 12 maanden na de behandeling. Na 
zorgvuldigg inschatting van het operatierisico dient TMLR niet onthouden 
tee worden aan een geselecteerde groep patiënten. 

Tenn tweede, aangezien er na TMLR geen verbeterde myocardiale 
perfusiee gevonden werd maar wel aanwijzingen voor denervatie, is het 
waarschijnlijkerr dat de klinische verbetering wordt geïnduceerd door 
denervatiee dan door angiogenese. 

Tenn derde, patiënten met het klinische syndroom van refractaire angina 
maarr zonder gedocumenteerde ischaemie zouden alternatieve behande-
lingsstrategieënn niet onthouden moeten worden. Een richtlijn voor de 
selectiee en behandeling van patiënten en voor toekomstig onderzoek in 
gespecialiseerdee centra wordt voorgesteld. Voor de uiteindelijke keuze van 
behandelingg zijn de mening van de patiënt, zijn beleving van de klachten, 
samenn met zijn fysieke status en de aan de behandeling gerelateerde 
risico'ss doorslaggevend. 
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Dankwoord d 

Hett verrichten van wetenschappelijk onderzoek en het schrijven van een 
proefschriftt doe je zeker niet alleen en kost veel tijd. In dit dankwoord richt 
ikk me met name tot de direct betrokkenen, maar ik realiseer me terdege dat 
veell  collega's mijn klinische taken hebben waargenomen in de periode dat 
ikk aan mijn proefschrift werkte. In het bijzonder wil ik hierbij noemen mijn 
collegaa stafleden van de afdelingen Cardiologie en Intensive Care 
Volwassenen,, die mij met name de laatste maanden zeer frequent uiterst 
bereidwilligg en vakkundig vervangen hebben. Jullie extra inspanningen 
waardeerr ik zeer en ik hoop me in de toekomst hiervoor te mogen en 
kunnenn revancheren. Daarnaast waren diverse personen direct bij het 
onderzoekk en het proefschrift betrokken. Ik wil hier van de gelegenheid 
gebruikk maken hen te bedanken. 

Mijnn promotoren Prof. dr. K.I. Lie en Prof. dr. J.G.P. Tijssen. 
Bestee Henk, de druk van velen, die vonden dat ik moest promoveren 

hebb ik jarenlang kunnen weerstaan, maar toen ji j je er na je komst vanuit 
Groningenn mee ging bemoeien en de slogan 'eerst je boekje' praktisch 
dagelijkss aan bod kwam, was mijn weerstand definitief gebroken. Mijn 
belevenn van de wijze waarop je me trachtte te motiveren veranderde 
geleidelijkk in waardering en ik ben je hier dan ook dankbaar voor. 

Bestee Jan, met name in de laatste schrijffase van het proefschrift heb je 
jee vanuitje eigen specifieke kennis zeer voor mij ingezet. Zelfs 's nachts 
wass je bereikbaar en werkte je al e-mailend mee. De door jou voorgestelde 
veranderingenn werden niet steeds met gejuich ontvangen, maar waren wel 
vaakk echt verbeteringen. Ik hoop ook in de toekomst bij je aan te mogen 
kloppen,, want naar ik van je heb begrepen is dit proefschrift pas het begin 
vann mijn wetenschappelijke carrière. 

Mijnn co-promotoren Dr. J.F. Beek en Dr. R. Tukkie. 
Bestee Johan, ik ben ervan overtuigd dat zonder jouw persoonlijke inzet 

enn intellectuele steun dit proefschrift veel moeilijker tot stand zou zijn 
gekomen.. Vele dagen en zelfs nachten heb je meegewerkt. Wat ik echter 
nogg belangrijker vind, is dat we in de loop der jaren ons contact hebben 
kunnenn verdiepen tot een vriendschap, waar ik zeer aan hecht en waar je 
ookk in de toekomst een beroep op kunt doen. 

Bestee Raymond, je heldere verstand en je 'to the point' wijze van 
benaderingg van problemen hebben me zeer geholpen. Ik ben je zeer 
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erkentelijkk voor de wijze waarop je er als 'jonkie' in geslaagd bent een 
'oudere'' collega te begeleiden. Ik wens toekomstige promovendi co-
promotorenn toe zoals ji j en Johan. 

Dee leden van de promotiecommissie. Prof. dr. B.L.F, van Eck-Smit, Prof. 
dr.. mr. dr. B.A.J.M, de Mol, Prof. dr. ir. J.A.E. Spaan, Prof. dr. CA. 
Visser,, Prof. dr. M.B. Vroom en Dr. M.J.L. de Jongste, dank ik voor hun 
bereidheidd zitting te nemen in de promotiecommissie en hun kostbare tijd 
tee besteden aan het beoordelen van mijn proefschrift. 

Prof.. dr. M.B. Vroom, beste Margreeth, je hebt me veel tijd gegund om 
aann dit proefschrift te werken en daarnaast heb je me steeds met raad en 
daadd bijgestaan. Ik ben je daar zeer erkentelijk voor en onze vriendschap 
heeftt voor mij een aparte en grote betekenis. 

Dr.. M.J.L. de Jongste wil ik tevens bedanken voor zijn positieve 
bijdragee aan het TMLR onderzoek in het AMC. 

Dr.. M. Huikeshoven, beste Menno, ik zou bijna zeggen dat dit ons tweede 
proefschriftt is. In november 2002 verdedigde je met verve je eigen 
proefschriftt 'Transmyocardial Laser Revascularisation, experimental and 
clinicall  studies'. Daarna heb je hard meegewerkt aan mijn proefschrift. 
Voorr mij, een computer analfabeet, was je van onschatbare waarde. 

Prof.. dr. ir. M.J.C, van Gemert, beste Martin, je nuchtere kijk op de 
wetenschapp en vooral de wijze waarop je me uit mijn 'dips' haalde, 
waardeerr ik zeer. Ik hoop ook in de toekomst het glas met je te mogen 
heffen. . 

Drs.. H.J. Verbcrne, beste Hein, ik ben je veel dank verschuldigd voor je 
inzett bij het beoordelen en herbeoordelcn en op ons verzoek her-
herbeoordelenn van de talloze scans die er tijdens ons onderzoek gemaakt 
zijn.. Je inzicht en deskundigheid waren daarbij van grote waarde. Ik hoop 
inn de (nabije) toekomst ook een bijdrage te kunnen leveren aan jouw 
dissertatie. . 

Drs.. J. van der Meulen, beste Jan, je nuchtere en vaak wat nonchalante 
houdingg had een bijzondere betekenis in ons team. Ook al was je 
schrijvendee bijdrage beperkt, des te belangrijker was je kundige snijdende 
inbreng.. Ik ben je daar zeer erkentelijk voor. 
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All ee collega's, die patiënten voor dit onderzoek hebben verwezen, wil ik 
oprechtt bedanken, me realiserend dat er in de gezondheidszorg geen 
wetenschappelijkk onderzoek mogelijk is zonder goede patiëntenzorg. 

Veell  medewerkers, met name die van de functieafdeling, de polikliniek 
Cardiologiee en de afdeling Nucleaire Geneeskunde hebben direct of 
indirectt geholpen bij de uitvoering van dit onderzoek of bij het verzamelen 
vann gegevens. Zonder julli e steun was dit onderzoek niet mogelijk geweest. 

Ookk zonder de secretariële ondersteuning van velen, maar in het 
bijzonderr van Mary-Ann Simons en Ank Schagen, zou de totstandkoming 
vann dit proefschrift op veel problemen gestuit zijn. 

Mijnn paranimfen Kurt van der Sloot en Bob van Vlies dank ik voor het feit 
datt ze mij op mijn promotiedag willen bijstaan en ik hoop nog lang van 
hunn vriendschap te mogen genieten. 

Graagg had ik mijn beide ouders bedankt. Helaas is mijn vader in 1999 
overleden.. Toch was hij misschien wel de belangrijkste aanleiding voor 
dezee promotie. Aan mijn moeder draag ik dit proefschrift op. Zij was en is 
eenn niet aflatende steun voor mij. Ik hoop nog jaren van en met haar te 
kunnenn genieten. 

Tenslottee Hedwig, Rik en Kim. Belachelijk dat ik julli e als laatste noem, 
wantt julli e zijn voor mij verreweg het belangrijkste! De ideale vader en 
echtgenoott ben ik zeker de laatste maanden niet geweest. Ik dank julli e 
alledriee voor julli e geduld en begrip en zal de komende tijd mijn 
achterstandd proberen in te halen. 

Hedwig,, als ji j je plannen om te promoveren doorzet, hoop ik net zoveel 
voorr je te kunnen betekenen, want 'at the end' gaat het vooral om ons 
gezin. . 
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Curriculu mm Vitae 

Josephuss Aldegondus Petrus van der Sloot werd op 11 april 1953 geboren 
tee Venlo. Na zijn eindexamen HBS-B aan het Titus Brandsma Lyceum te 
Osss begon hij in 1972 met de studie geneeskunde aan de Universiteit van 
Amsterdam.. Tijdens een zogeheten vakantie-assistentschap Interne 
Geneeskundee bij Prof. dr. A.M. van Leeuwen in het Binnengasthuis te 
Amsterdamm nam zijn belangstelling voor dit deel van de geneeskunde sterk 
toe.. Dit was de reden om in aansluiting op zijn artsexamen in 1983 (cum 
laude)) de opleiding Interne Geneeskunde in het AMC te gaan volgen. 
Aanvankelijkk onder leiding van prof dr. A.M. van Leeuwen, later onder 
leidingg van Prof. dr. J. Vreeken. In 1988 voltooide hij als eerste volledig in 
hett AMC opgeleide internist zijn opleiding. Na als internist werkzaam te 
zijnn geweest in het Antoni van Leeuwenhoekziekenhuis te Amsterdam en 
opp de afdeling Interne Geneeskunde van het AMC startte hij in 1989 zijn 
opleidingg Cardiologie in het AMC te Amsterdam onder leiding van Prof. 
dr.. A.J. Dunning. Hierbij speelde zijn speciale belangstelling voor 
Intensivee Care geneeskunde en Cardiothoracale chirurgie een belangrijke 
rol.. In 1992 voltooide hij zijn opleiding tot cardioloog en hij bleef ook 
daarnaa in het AMC werkzaam. Aanvankelijk als cardioloog en staflid op de 
Intensivee Care Volwassenen onder leiding van Prof. dr. Ch.P, Stoutenbeek, 
laterr als staflid op de afdeling Cardiologie onder leiding van Prof. dr. K.I. 
Lie.. Hij was daarbij werkzaam als vaste consulent voor de afdeling 
Cardiothoracalee Chirurgie en de Intensive Care Volwassenen en gaf leiding 
aann de Hartfalenpolikliniek. Vanaf 2001 is hij als staflid zowel werkzaam 
opp de afdeling Cardiologie als op de Intensive Care Volwassenen. Tijdens 
zijnn carrière kwam de patiëntenzorg altijd op de eerste plaats maar was er 
ookk ruimte voor onderwijs en wetenschappelijk onderzoek. Dit proefschrift 
iss hier een voorbeeld van. 
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