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ChapterChapter 5 _ _ _ ^_ 
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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RandomisedRandomised results of excimer TMLR 
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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ChapterChapter 5 
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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„___„__„„  Randomised results ofexcimer TMLR 
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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ChapterChapter 5 _ _ ^_ . 
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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RandomisedRandomised results ofexcimer TMLR 
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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^^ Randomised results ofexcimer TMLR 
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 

- 7 3 --



ChapterChapter 5 
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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