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ChapterChapter 8 
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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ChapterChapter 8 
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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ChapterChapter 8 ^ _ ^ 
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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DiagnosticDiagnostic limitations of MPS in refracton' angina 
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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.. Diagnostic limitations of MPS in refractory angina 
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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ChapterChapter S __ . 
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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DiagnosticDiagnostic limitations of MPS in refractory angina 

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 

-- 118-



DiagnosticDiagnostic limitations of MPS in refractory angina 

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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