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Chapter I . 
The clinical problem of angina pectoris 

Ischaemic heart disease is one of the leading causes of morbidity and mortality in the 
western world. Atherosclerosis of the coronary arteries leads to a mismatch between the 
demand and supply of oxygen in the heart muscle. In the healthy heart with normal 
coronary arteries an increased oxygen demand, for example during exercise, is met by 
increased coronary blood flow, coronary vasodilation and increased oxygen extraction. 
However, atherosclerosis in coronary arteries prevents an effective increase in supply 
during increased demand. When the obstruction is severe, this results in myocardial 
ischaemia. Myocardial ischaemia can be either reversible or irreversible. The latter form 
is usually caused by a total occlusion of a coronary artery during which the myocardium 
distal from the occlusion is deprived of oxygen. When blood flow through the coronary 
artery is not restored, the myocardium can either die, resulting in infarction and 
permanent damage of the tissue, or, through collateral blood supply, remain ischaemic 
without cardiomyocyte loss. In the situation of reversible myocardial ischaemia, the 
coronary artery is usually not completely occluded and when the oxygen demand is 
decreased the myocardium has the ability to recover from the episode of oxygen 
shortage, resulting in relatively little or no pennanent myocardial damage. One of the 
most common clinical manifestations of these periods of reversible myocardial 
ischaemia is angina pectoris ('pain of the chest)'. This symptom occurs relatively late in 
the sequence of events following ischaemia (the so-called ischaemic cascade) and is 
preceded by respectively diastolic dysfunctions, regional systolic dysfunctions and 
ST-segment changes on the electro-cardiogram. At the cellular level, consequences of 
ischaemia include the accumulation of intracellular free fatty acids (which may lead to a 
decrease in contractile function) and increased levels of lactate due to lactate production 
(instead of the normal extraction) as a consequence of anaerobic glucose metabolism. 

The typical clinical presentation of angina pectoris was described for the first time by 
Dr. William Heberden, a famous physician of the eighteenth century. In 1772 he 
published the article entitled 'Some account of a disorder of the breast' in which he 

wrote: ' There is a disorder of the breast, marked with strong 
and peculiar symptoms, considerable for the danger belonging 
to it .... Those who are afflicted with it are seized, while they are 
walking, and more particularly when they walk soon after 
eating, with a painful and most disagreeable sensation in the 
breast ... the moment they stand still all this uneasiness vanishes 
.... After it has continued some months, it will not cease so 
instantaneous upon standing still ... most whom I have seen, 
who are at least twenty, were men, and almost all above 
50 years old, and most of them with a short neck, and inclining 
to be fat .... But the natural tendency of this illness be to kill the 
patients suddenly .... The os sterni is usually pointed to as the 

seat of this malady ... and sometimes there is with it a pain about the middle of the left 
arm.' [1]. At the time, Heberden did not consider the heart to be a possible source of this 
typical pain. Indicating the location of the pain he referred to it as 'pectoris dolor' which 

Dr. William Heberden 
(1710- 1801) 
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was later changed by his son to 'angina pectoris'. 
Over two centuries later. Heberden's description of angina pectoris still stands 

remarkably accurate. According to the current guidelines of the American Heart 
Association (AHA) and the American College of Cardiology (ACC), angina pectoris is 
defined as '... a clinical syndrome characterised by discomfort in the chest, jaw, 
shoulder, back, or arm. It is typically aggrevated by exertion or emotional stress and 
relieved by nitroglycerin. Angina usually occurs in patients with coronary artery disease 
involving > 1 large epicardial artery. However, angina can also be present in patients 
with normal coronaries and myocardial ischaemia related to spasm or endothelial 
dysfunction' [2]. The neural etiology of anginal pain is poorly understood. It is thought 
to be caused by the activation of cardiac nociceptors by ischaemia-induced release of 
specific substances (a.o. adenosine [3]). The pain stimulus is transported through cardiac 
afferent fibres to the spinal cord. Here, the cardiac afferent fibres converge with other 
afferent fibres after which the stimulus is transported to the somato-sensible cortex of 
the cerebrum where it is registered as typical angina pectoris [4]. The convergence of 
different afferent fibres from different dermatomes in the spinal cord is likely the reason 
why activation of cardiac nociceptors is not only experienced as pain in the cardiac region 
(chest) but also in other dermatomes, such as the jaw, arm or shoulder ('referred pain') [5]. 

The most important risk factors for the development of coronary artery disease and 
angina pectoris include smoking, hypertension, hypercholesterolaemia, diabetes mellitus 
and the occurrence of coronary artery disease in family members. The severity of angina 
can be classified according to the classification of the Canadian Cardiovascular Society 
(CCS) or according to the classification of the New York Heart Association (NYHA). 
The latter was used in the clinical research described in this thesis and consists of four 
functional classes [6] which are shown in table 1. 

NYHA 
Class Clinical presentation 

. Patients with cardiac disease but without resulting limitation of physical activity. Ordinary physical activity 
docs not cause anginal pain. 

Patients with cardiac disease resulting in slight limitation of'physical activity. They arc comfortable at rest. 
Ordinary physical activity results in anginal pain. 

Patients with cardiac disease resulting in marked limitation of physical activity. They are comfortable at 
rest. Less than ordinary activity causes anginal pain. 

v Patients with cardiac disease resulting in inability to carry on any physical activity without discomfort. The 
anginal syndrome may be present even at rest. If any physical activity is undertaken, discomfort increases. 

Table 1. Classification of angina pectoris according to the New York Heart Association (NYHA). 

Angina can furthermore be classified as either 'stable' or 'unstable'. In stable angina 
(CCS and NYHA classifications), the severity of the disease can increase but will do so 
in a fairly constant manner. Angina-triggering events are usually predictable (e.g. 
walking up a stairway). In unstable angina (which has a separate classification [7]), 
unpredictable episodes of severe myocardial ischaemia can lead to myocardial 
infarctions or sudden death and hospital admittance is often indicated. 
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Chapter I 
Treatment of angina pectoris 

The treatment of angina pectoris has generally been based on three different approaches: 
i) medication; aimed at a) decreasing myocardial oxygen demand, b) increasing oxygen 
supply (e.g. by vasodilation), and c) reducing the risk of further thrombotic coronary 
occlusions, ii) revascularisation techniques; i.e. location-specific restoration of blood 
flow to the ischaemic myocardium and iii) symptomatic treatment of anginal pain. 

Medication 
The first approach, decreasing oxygen demand or increasing oxygen supply through 
cardiac medication, is the most widely used treatment. It is also the first option that 
should be considered when a patient presents with angina pectoris. Three main types of 
cardiac medication are used for angina pectoris: Beta-blockers [8], calcium-antagonists 
[9] and long acting nitrates [10]. In short, beta-blockers inhibit beta-receptors of the 
sympathetic nervous system, decreasing both heart frequency (negative chronotrope) 
and strength of the cardiac contraction (negative inotrope), and thus decreasing the 
oxygen demand. Calcium-antagonists mainly act by reducing calcium concentrations in 
vascular smooth muscle cells which induces i) coronary vasodilation, leading to 
improved myocardial perfusion and oxygen supply, and ii) peripheral arterial 
vasodilation leading to an afterload reduction and subsequent decreased myocardial 
oxygen demand. Furthermore, some calcium-antagonists also work negatively 
chronotrope. Long-acting nitrates are vasodilators that work in two ways. They reduce 
the cardiac preload and therefore the myocardial oxygen demand through dilation of the 
peripheral venous system and they increase the myocardial blood supply through their 
(nitric oxide mediated) vasodilative effect on the coronary arteries. These three types of 
cardiac medication are often used in combination, forming the well known 'triple 
therapy' regime. Another (fourth) type of medication which is widely used in patients 
with angina pectoris is anti-platelet therapy (e.g. aspirin) which reduces platelet 
aggregation [11]. Unlike for beta-blockers, calcium-antagonists and long acting nitrates, 
it is not aimed at direct treatment of anginal symptoms but at the prevention of further 
thrombotic coronary occlusions. 

Revascularisation techniqlies 
The second approach to the treatment of angina pectoris, revascularisation, is aimed at 
the reduction of angina-inducing ischaemia. Surgical techniques to 'revascularise' 
ischaemic myocardial regions have been under investigation for many decades. One of 
the first attempts was made by Beck in 1935 who grafted the pectoral muscle to the 
epicardial surface of the heart [12]. After removing the pericardial fat, his aim was to 
create vascular connections between the myocardium and the overlying pectoral 
musculature and thus provide an alternative supply of blood to the myocardium. Almost 
20 years later Vineberg [13] described the treatment of coronary insufficiency using 
direct implantation of the left mammary artery into the myocardium. This 'Vineberg 
procedure' was not a direct arterial anastomosis but an implantation of the distal arterial 
end into a mechanically created myocardial channel. After a few weeks microvascular 
connections were shown between the implanted artery and the native coronary 
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circulation. Follow-up reports of patients who have undergone the Vineberg procedure 
have demonstrated patent mammary artery grafts more than 20 years after the procedure 
[14]. 

Another approach to restore blood flow to ischaemic myocardium is the direct 
delivery of oxygenated blood from the left ventricular cavity into the myocardium. This 
concept originates from the work of Wearn and colleagues [15]. In 1935 they described 
the existence of vascular connections ('myocardial suinusoids') between human 
coronary arteries and the ventricular cavity. These connections may facilitate a flow 
from the ventricular cavity directly into the myocardium in the case of inadequately 
functioning coronary arteries. Such connections between the ventricular cavity and the 
myocardium are also known to be present in reptile hearts. In the reptilian heart, 
perfusion through these connections provides an important portion of blood delivery to 
the endocardium, and an underdeveloped coronary artery system only provides a small 
part of the myocardial perfusion [16]. Kohmoto and colleagues have investigated this 
perfusion system in alligator hearts and found that in the myocardium > 60% of the 
perfusion was derived directly from the ventricular chamber [17]. Myocardial 
oxygenation through direct ventriculo-myocardial perfusion has furthermore been 
described to be functional in children with hypoplasia of the left ventricle [18] and in 
patients with pulmonary atresia combined with proximal obstruction of the coronary 
arteries [19]. 

In the decades following Wearns' description, many attempts have been made to 
mimic the reptilian heart anatomy by developing ways of delivering oxygenated blood 
to the myocardium. The first attempt was described by Goldman and colleagues in 1956 
[20]. They implanted perforated U-shaped carotid artery grafts in canine myocardium 
with both ends of the grafts in open connection with the left ventricular cavity. When the 
left anterior descending artery (LAD) was ligated three weeks after the implantation, 
mortality was only 5% versus 61% after ligation in non-implanted (control) animals. 
Massimo and co-workers [21] slightly modified this concept and implanted T-shaped 
tubes with the long leg in open connection with the left ventricular cavity and both short 
legs inside the myocardium. When Sen [16] later simplified this approach by using 
hollow needles to create channels in the myocardium, the first transmyocardial 
revascularisation procedure was a fact. Although these channels appeared to be 
successful in protecting the myocardium against infarction after ligation of the LAD, the 
long-term effect of this 'transmyocardial acupuncture' technique was poor, which was 
attributed to rapid occlusion of the channels. Investigators such as Hershey [22] and 
Pifarré [23] further explored this revolutionary idea of transmyocardial 
revascularisation. However, the TMR approach was greatly overshadowed by the rapid 
development of two new revascularisation techniques: Percutaneous transluminal 
coronary angioplasty (PTCA) and coronary artery bypass grafting (CABG). 

PTCA, which was first proposed by Dotter and Judkins in 1964 [24], is aimed at 
reopening (partly) occluded / stenosed coronary arteries. This can generally be 
accomplished by inserting a catheter into the arterial vessel system (usually the femoral 
artery) after which the catheter is advanced through the aorta into the coronary arteries 
to the site(s) of the stenosis. A balloon is then inflated at the site of the stenosis, dilating 
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Chapter I 
the artery and the stenosis [25]. When sufficient dilation is achieved, the post-PTCA 
lumen diameter of the artery will be increased and perfusion through the coronary artery 
improved. One of the drawbacks of this method is the fact that restenosis of the dilated 
artery can occur, thus eliminating the initial gain in perfusion [26]. To prevent this, 
intracoronary stents can be placed in the coronary artery at the site of stenosis [27]. This 
significantly reduces the restenosis rate, although using stents the problem of restenosis 
is not completely solved due to stent-induced intimal hyperplasia. However, PTCA has 
shown to be an effective treatment for angina pectoris [28] and in the year 2000, 
approximately 16.000 patients were treated in The Netherlands (70% of which received 
a stent). 

CABG. pioneered by Favalaro in 1968 [29], is a technique which uses vascular grafts 
to bypass atherosclerotic stenoses in coronary arteries and thus reperfuse the 
myocardium distal to the obstruction. Both venous (such as the saphenous vein) and 
arterial grafts (internal mammary arteries, radial artery, gastro-epiploic artery) can be 
used. The grafts are either completely dissected from the donor place (i.e. leg / arm) and 
connected to both the ascending aorta and the obstructed coronary artery (distal from the 
obstruction), or only dissected at the distal end (internal mammary artery, gastro
epiploic artery) which is then connected to the obstructed coronary' artery (distal from 
the obstruction). The efficacy of this treatment depends greatly on the patency of the 
used graft(s), which tend to occlude (especially vein grafts) in the years following the 
operation. One year occlusion rates of up to 30% have been reported for vein grafts and 
at 10 years only one-third of the grafts which were patent at 1 year appeared to be 
unchanged (i.e. no occlusion or stenosis) [30]. Despite this drawback, major relief on 
angina pectoris following CABG has been reported to occur in more than 90% of 
appropriately selected patients [31] and in the year 2000, approximately 15.000 CABG 
procedures were performed in The Netherlands. 

The enormous potential of these two treatment options for coronary artery disease 
has facilitated their worldwide use and today they are (after medication) the first 
treatments of choice. 

Although medication, PTCA and CABG are the gold standards, there is a (growing) 
group of patients with angina that cannot be adequately treated with these modalities (an 
estimated 30-50,000 patients / year in Europe [32]). In most cases this is due to multiple 
stenoses in arteries which are too small for either PTCA or CABG, so-called 'small 
vessel disease'. This condition is referred to as refractory angina pectoris and is defined 
(by the European Society of Cardiology Joint Study Group on the Treatment of 
Refractory Angina [32]) as 'a chronic condition characterised by the presence of angina 
caused by coronary insufficiency in the presence of coronary artery disease which 
cannot be controlled by a combination of medical therapy, angioplasty and coronary 
bypass surgery. The presence of reversible myocardial ischaemia should be clinically 
established to be the cause of the symptoms. Chronic is defined as a duration of more 
than 3 months.' For this specific group of patients several 'alternative' therapeutic 
options have been proposed and investigated. From the revascularisation techniques the 
most important ones are transmyocardial laser revascularisation (TMLR), which is the 
subject of this thesis and will be further discussed below, and the induction of 
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angiogenesis or arteriogenesis through the administration of vascular growth factors. 
The latter is aimed at increasing the blood supply to the ischaemic myocardial region 
through the (local) stimulation of vascular growth [33,34]. Extensive research is being 
performed for this relatively new treatment modality and the initial results are 
promising. 

Symptomatic treatment of angina 
Several symptomatic therapies to treat (refractory) angina have been investigated, such 
as transcutaneous electric nerve stimulation (TENS), spinal cord stimulation (SCS), 
thoracic epidural anaesthesia (TEDA), left stellate ganglion blockade (LSGB) and 
endoscopic thoracoscopic sympathectomy (ETS) [32]. 

Transcutaneous Electric Nerve Stimulation 
TENS [35] is the least invasive neuro-modulating therapy. The rationale for this 
technique (as well as for spinal cord stimulation, see below) is based on the 'gate-
control' theory of Melzack and Wall [36]. In this theory, nociceptive nerve (C) fibres 
(transporting the anginal pain signal) are inhibited by stimulation (cutaneous in TENS or 
directly on the spinal cord in SCS) of non-nociceptive (A) nerve fibres. The technique of 
TENS is similar to needle acupuncture. However, instead of inserting needles, 
electrodes are placed on the chest wall. Using an external device, electrical stimulation 
(in different levels) is applied to the chest through the electrodes, creating an area of 
paraesthesia. When placed correctly, it is possible to cover the entire area of anginal 
pain. A great advantage of this technique is the relative simplicity of the application. 
When instructed properly, patients can personally operate the device when anginal pain 
occurs or is anticipated. Clinical experience has shown that when the pain is of 
ischaemic origin, 30-60 s of high-intensity stimulation is enough to decrease the pain. 
Although the clinical results are good, the current use of this technique is limited. This is 
because long-term use causes skin irritation in a large number of patients. Therefore, 
TENS is mainly used as a testing method for implanted nerve stimulating devices (SCS, 
see below), both to test patient compliance (which is required to be high) and to see 
whether myocardial ischaemia is really the underlying cause of the pain (other causes of 
pain react much less to TENS). 

Spinal Cord Stimulation 
SCS has many similarities to TENS. However, the electrode is not placed on the chest 
wall but in the epidural space directly against those segments of the spinal cord that 
convey the anginal pain. The pulse generator is placed in a subcutaneous pouch below 
the left costal arch and stimulation can be controlled from the outside using a remote 
control. When placed correctly, stimulation produces paraesthesia in the region of 
anginal pain. Besides the paraesthetic effect, the clinical efficiency of SCS has also been 
ascribed to a reduction of myocardial ischaemia. This is thought to be caused by a 
decrease in myocardial oxygen demand due to decreased sympathetic tone. 
Interestingly, anginal pain is not completely masked by stimulation and therefore the 
warning signal is not completely disabled. This is important since angina can be a 
warning signal for a pending myocardial infarction. Currently, approximately 2000 
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Chapter I . 
patients have been implanted with a spinal cord stimulator. Several clinical (safety as 
well as efficacy) studies have been published and reductions in angina class and 
improvements in quality of life have been reported [37]. Furthermore, in a comparative 
study. SCS and CABG have shown similar effect in relieving anginal symptoms [38]. 

Thoracic Epidural Anaesthesia 
TEDA was first introduced as a treatment for angina in 1989 by Blomberg and 
colleagues [39]. The technique works through insertion of an epidural catheter at the 
spinal cord level that corresponds with the cardiac area, i.e. C7-T4. Either continuously 
(using an infusion pump) or with intermittent injections, anaesthetic is infused, aiming 
to achieve total bilateral anaesthesia of the spinal roots and sympathetic trunks. The 
clinical effect is tested on the affected dermatomes and treatment success is defined as 
complete anaesthesia of these dermatomes. Currently, a few hundred patients have been 
treated with this technique and good results have been achieved [40], especially for 
unstable angina. The use for chronic stable angina has been much less, mainly because 
of the many practical disadvantages of long-term use. 

Left Stellate Ganglion Blockade 
LSGB is a variation on thoracic epidural anaesthesia and was already described in 1966 
[41]. Rather than infusion of the anaesthetic into the epidural space to work directly on 
the spinal cord, it is injected paravertebrally at the location of the left stellate ganglion. 
Like TEDA, the aim is to achieve anaesthesia in the area of anginal pain and thus 
decreasing this pain. Only few patients (around one hundred) have been treated with this 
technique and although good results have been reported [42], the scientific evidence for 
efficacy remains scarce. 

Endoscopic Thoracoscope Sympathectomy 
ETS, initially used for the treatment of palmar and axillary hyperhidrosis, has been used 
for the treatment of angina pectoris for approximately a decade [43], although in small 
patient numbers. It is the most invasive and permanent method of neural modulation of 
anginal pain, aimed at achieving a permanent afferent sympathetic block to the heart as 
well as an analgesic effect through disruption of the afferent pathways. Under general 
anaesthesia the pleural cavity is entered through the second or third intercostal space. 
After collapse of the lung the sympathetic ganglia are electrocoagulated. Ganglia T,-T5 

are usually transsected. The procedure is usually only performed on the left side, 
however if the result is unsatisfactory it can be perfonned bilaterally. Significant 
decrease of anginal symptoms has been reported for this treatment. Unfortunately, 
(severe) complications such as death, myocardial infarction, autonomic disturbances and 
sensory disturbances have limited the clinical applicability, and it is estimated that in 
total less than one hundred patients have undergone this therapy [32]. 

Other methods 
Several other treatment methods have been suggested for the treatment of angina 
pectoris [32]. Enhanced external counterpulsation is a technique that increases arterial 
blood pressure and retrograde aortic blood flow during diastolic augmentation. Pressure 
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cuffs are placed around the patient's legs and compressed sequentially from the lower 
legs to the lower and upper thighs in early diastole to propel blood to the heart in a 
retrograde direction. Decrease of anginal symptoms has been reported which has been 
suggested to result from a reduction in myocardial ischaemia [44]. 

Long-term intermittent urokinase therapy has been reported to improve the 
haemodynamics of blood (decrease of viscosity) and have antithrombotic effects [45]. In 
short, up to 500,000 units of urokinase are administered intravenously 3 times a week 
for 12 weeks. The resulting heamodynamic and antithrombotic effects are thought to 
reduce anginal symptoms by a reduction of myocardial ischaemia. Drawbacks of this 
technique are the high costs and the occurrence of complications such as bleeding. 

Introduction to Transmyocardial Laser Revascularisation 

After more than a decade of silence, in 1981 Mirhoseini and Cayton re-introduced the 
myocardial acupuncture concept first described by Sen (see above). They reported on 
the creation of transmyocardial channels in canine hearts using a 400 Watt (W) carbon 
dioxide (C02) laser instead of needles [46]. Ligation of the LAD after creation of 
transmyocardial laser channels resulted in no mortality versus 100% mortality after 
ligation without laser channels. Two years later, these results led Mirhoseini to perform 
the first clinical TMLR as an adjunct to CABG in a 65-year old man [47]. From that 
moment on many research has been performed on this technique, both as a stand alone 
procedure as well as in combination with other treatments (see chapter II). 

The technique of TMLR is straightforward. Figure 1 shows a schematic drawing. In 
the vast majority of cases the heart is approached using a lateral thoracotomy in the fifth 
or sixth intercostal space. An approach using a sternotomy is often contra-indicated 
since many TMLR-eligible patients have previously undergone bypass surgery through 
a sternotomy and they are likely to have extensive pericardial adhesions. No 
cardiopulmonary bypass is used and when the chest and pericardium have been opened 
the hand piece of the laser is placed on or close to the epicardial surface. Three different 
types of lasers are clinically used to create transmyocardial channels: The carbon 
dioxide (C02), the holmium:yttrium-aluminum-garnet (Ho:YAG) and the xenon 
chloride (XeCl) excimer laser. At the moment of writing, randomised controlled studies 
have only been published for the C02 and Ho:YAG laser, which are also the most 
widely used lasers for TMLR. The Ho:YAG (wavelength 2.1 urn) and XeCl excimer 
laser (wavelength 308 nm) both use a flexible fibre-optic system in combination with a 
hand piece. The tip of the hand piece is placed on the epicardial surface of the beating 
heart and is gently advanced through the myocardium during multiple (ECG-triggered) 
laser pulses. The long wavelength of the C02 laser (10.6 um) makes it unsuitable for 
fibre-based optics and therefore it operates with an articulated arm. This laser creates 
transmyocardial channels in one single pulse. During C02, Ho:YAG and excimer TMLR 
complete transmyocardial penetration is confirmed with transesophageal 
echocardiography (TEE) by the appearance of contrast bubbles in the ventricular cavity 
[48]. Furthermore, penetration can be felt (slight loss of resistance when the fibre has 
passed through the myocardium), heard (higher sound when laser is fired into the blood 
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Figure 1. Schematic drawing of the TMLR technique. For explanations sec text. TEE = transesophageal 
echocardiography 

inside the ventricular cavity) and seen (blood spurting from the epicardial entrance site). 
The channel diameters are -1 mm for the CO: and excimer lasers and -2 mm for the 

Ho:YAG laser (larger diameter fibre tip). When a channel is created, bleeding can 
usually be stopped with the application of slight manual pressure at the epicardial 
opening. If this does not result in closure of the channel through formation of a blood 
cloth, a suture can be used to close the epicardial channel opening. In the current clinical 
standard, approximately one channel/cm2 is created. However, no absolute scientific 
evidence has been published indicating that this is the optimum channel density. The 
total number of channels mostly depends on the size of the reversibly ischaemic 
myocardium. Figure 2 shows an example of the epicardial surface after TMLR. Patients 
are usually dismissed from the hospital several days following the TMLR procedure. 

Although clinical improvement following TMLR has been repeatedly reported, a 
definitive mechanistic explanation for the improvement is yet to be proven. Besides the 
original theory, i.e. direct perfusion of oxygenated blood from the left ventricular cavity 
into the (ischaemic) myocardium, two other main hypotheses have been posed. One is 
improved perfusion through laser-induced angiogenesis in the ischaemic area, 
supposedly leading to a local decrease in myocardial ischaemia and thus angina 
symptoms; the other is laser-induced denervation of the myocardium resulting in a 
decreased perception of anginal pain. Elucidation of the actual mechanism would be of 
great value for the clinical optimisation of TMLR. 
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Figure 2. Fpicardial surface after TMLR. The 
large arrow indicates the pericardium and the 
smalt arrows indicate epicardial openings of 
TMLR channels (not all channels indicated). For 
this figure in colour see page 145. 

Aim and structure of this thesis 

The research presented in this thesis has two aims: 

1. To investigate the clinical efficacy of transmyocardial laser revascularisation using a 
XeCl excimer laser in combination with medical therapy for the treatment of severe 
angina pectoris by comparing it with medical therapy alone. 

2. To gain insight into the two main hypotheses of the working mechanism underlying 
the reported clinical improvement after TMLR, i.e. angiogenesis and denervation. 

For these aims both animal experimental and clinical research has been performed and 
the thesis has been structured accordingly. 

The first part describes the experimental work: 
Chapter II provides a working mechanism-based overview of the animal experimental 
research that has been performed in the field of TMR since the first description of 
myocardial acupuncture by Sen over 35 years ago. 
Chapter ///assesses the suitability of the Spontaneously Hypertensive Rat as an animal 
model for TMLR research by comparing it to myocardium of TMLR (eligible) patients. 
Chapter IV describes a new surgical technique to perform open heart surgery on 
laboratory rats. This technique was developed for the application of TMLR in rats. 
Chapter V describes an experimental study of TMLR in SHR where the angiogenesis-
inducing effect of three different laser types was compared. 

The second part of the thesis describes the clinical research: 
Chapter VI gives an overview of the clinical literature on TMLR. 
Chapter VII describes the histology of a patient that died 3 months after excimer TMLR. 
Evidence of angiogenesis was observed in and around the laser channels. 
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Chapter VIII describes a clinical study in eight patients where a nuclear technique 
(I23I MiBG-SPECT) was used to assess changes in myocardial innervation due to 
TMLR. 
Chapters IX-A and IX-B describe the results of a randomised clinical trial in 30 patients. 
In this study, XeCl excimer TMLR combined with medication was compared with 
medication alone for the treatment of severe refractory angina pectoris. Effect of TMLR 
on angina class, quality of life, myocardial perfusion and myocardial function were 
assessed. 

Finally, chapter Xprovides a general discussion on the research presented in this thesis, 
after which references, colour plates and a summary of the thesis are provided. 
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