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Summary. Transmyocardial revascularization (TMR) 
with CO2-laser equipment is an alternative approach in 
the treatment of patients with severe ischemic cardiac 
disease. Several studies concerning morphological 
features after TMR document a strong transmyocardial 
injury, but little is known about wound healing in laser- 
induced alterations of the cardiac skeleton and their 
putative role for angiogenesis and endothelialization. 
The present study was conducted to establish a useful 
immunohistochemical marker for detection of these 
laser-induced injuries and to analyze starting points of 
angiogenesis in human myocardium after TMR. Our 
data show that tenascin labeling is a useful immuno- 
histochemical approach to detect laser-alterated 
segments of the cardiac skeleton as well as laser-induced 
fibrosis. Starting points of the angiogenetic process are 
seen throughout the margins of laser-induced lesions, 
where myocardial capillaries are found. Disrupted 
vessels located within laser-alterated connective tissue 
septa are not major starting points for endothelialization 
of laser-induced lesions and for capillary sprouts. In 
comparison to laser-induced fibrosis, induction and 
promotion of angiogenesis by laser radiation is weak. 
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(Mirhoseini and Cayton, 1981; Mirhoseini et al., 1982). 
Findings from extensive animal trials support the 

hypothesis that these endothelialized channels are linked 
to a newly formed capillary network and that a systolic 
blood flow from the left ventricular cavity into the 
ischemic myocardium could be established (Mirhoseini 
and Cayton, 1981; Whittaker et al., 1996). It is assumed 
that the angiogenetic process starts after TMR beginning 
in laser-disrupted vessels within septa of the cardiac 
skeleton (Cooley et al., 1994; Krabatsch et al., 1997; 
Schweitzer et al., 1997). 

In humans, the morphological basis for TMR- 
induced effects, as well as reasons for response or non- 
response from TMR treatment, are not well understood. 
Several human studies concerning morphological 
features after TMR have documented strong zonal 
alterations of the myocardium adjacent to laser-induced 
lesions (Cooley et al., 1994; Gassler et al., 1997; 
Moosdorf et al., 1997; Schweitzer et al., 1997), but little 
is known about disruption of the cardiac skeleton or 
angiogenesis after transmural laser treatment. 

The  present study was conducted in order to 
establish a useful immunohistochemical marker for the 
detection of laser-injured septa and to analyze the 
location of starting points of angiogenesis in human 
myocardium after TMR. 

Materials and methods 
Introduction 

Patients 
The use of transmyocardial laser revascularization 

(TMR) in order to revascularize ischemic myocardium 
by means of directing oxygenated left ventricular blood 
into myocardial tissue is a new approach in treatment of 
patients with severe ischemic cardiac disease (Frazier et 
al., 1995; Horvath et al., 1997). The  creation of 
transmyocardial channels from the epicard to the left 
ventricular cavity with high-energy CO2-laser radiation 
was first reported by Mirhoseini and coworkers 
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Clinical and anamnestic data for the six patients 
treated with TMR is given in the Table 1. In all patients, 
grade IV angina pectoris was diagnosed according to 
CCS (Canadian Cardiovascular Society) grading before 
and after TMR treatment. Grading is defined as follows 
(Goldman et al., 1981): grade I: ordinary physical 
activity does not cause angina; grade 11: slight limitation 
of ordinary physical activity; grade 111: marked 
limitation of ordinary physical activity; grade IV: 
inability to carry on any physical activity without 
discomfort; anginal syndrome may be present at rest. In 
all patients, the Heart Laser System (PLC Medical 














