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ChapterChapter 6 . 
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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QualityQuality of life after excimer TMLR 
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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ChapterChapter 6 
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, 

-82--



QualityQuality of life after excimer TMLR 
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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ChapterChapter 6 
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). 

Domai n n 

Mobility y 
Selff care 
Usuall activities 
Painn discomfort 
Anxiervv depression n 

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

1.88 7 
2.55  0.7 

122 month s 
2.33 + 0.5 
2.99  0.4 
2.55 5 
2.22 6 
2.77 6 

Maxima ]]  medicatio n 
Baselin ee 12 month s 
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-chang e e 
baselin ee 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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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 
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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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