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Clinical Studies of TMR with the C02 Laser

KEITH A. HORVATH, M.D.

ABSTRACT

Objective: This paper reviews the current status of transmyocardial laser revascularization by a carbon diox-
ide laser. Summary: Since 1990 over 3000 patients worldwide have been treated with a carbon dioxide laser. A
nonrandomized phase II trial was completed in 1995. A randomized controlled phase III trial has completed
enrollment, and analysis of the follow-up is pending. Methods: In each trial 200 patients with endstage coro-

nary artery disease and severe disabling angina that was not amenable to conventional revascularization were
enrolled. Preoperative evaluation included confirmation of angina class and evidence of reversible ischemia
based on myocardial perfusion scans. Repeat evaluations were done postoperatively at 3,6 and 12 months. Re-
sults: 80% of the patients showed a significant improvement in angina class status postoperatively and 30%
had no angina at one year of follow-up. Concomitant with this there was significantly less ischemia noted on

follow-up perfusion scans. Conclusions: Early results from nonrandomized and randomized controlled trials of
transmyocardial laser revascularization by carbon dioxide laser indicate that this technique provides anigna
relief and improved perfusion in patients with end-stage coronary artery disease.

INTRODUCTION

The direct perfusion of the heart by transmyocardial chan-
nels has been postulated and attempted by a variety of

means. Evidence for the feasibility of this type of perfusion ex-

ists in human and reptilian anatomy. Human hearts have sinu-
soidal connections between the ventricular cavity and the coro-

nary vasculature. First described by Wearn, these connections
were noted to be endothelial-lined and analogous to the chan-
nels seen in snake hearts.1 The snake myocardium is primarily
supplied by multiple interconnecting sinusoids that arise from
the ventricle. Only a thin rim of tissue at the epicardial surface
is supplied by a rudimentary coronary arterial system.

Attempts to revascularize the heart by direct perfusion were

described first by Beck and later by Vineberg.2-3 The success of
Vineberg's technique of internal mammary artery implantation
demonstrated that direct perfusion was possible and even led to
neovascularization and collateral formation. With these find-
ings and an understanding of the snake heart, Sen and others
performed direct perfusion by transmyocardial acupuncture.4-'1
The limited success of these procedures was overshadowed by
the discovery of the ability to perform coronary artery bypass
grafting (CABG). Interest in direct perfusion has resurfaced as

there is a growing number of patients who cannot be treated by
either CABG or percutaneous transluminal coronary angio-

Department of Cardiothoracic Surgery, Northwestern University Medical School, Chicago, IL 60611.

281

plasty (PTCA). A new technique, transmyocardial laser revas-

cularization (TMR), has been developed to treat these patients.
The mechanical trauma that resulted in poor long-term patency
of transmyocardial acupuncture was overcome, in theory, by
the use of a laser to create the channels. The laser channels are

a result of tissue ablation with minimal damage, as opposed to
the traumatic holes made by needle acupuncture. Mirohseini
first employed a laser to perform this type of revascularization
and it was used in conjunction with coronary artery bypass
grafting in a number of patients in the early 1980s.12-16 The
laser he used was relatively low-powered and, therefore, re-

quired an arrested heart. While his results seemed encouraging,
it proved difficult to assess the contribution of laser revascular-
ization when combined with CABG. In time, a laser to perform
the procedure on the beating heart was developed and this al-
lowed the introduction of TMR as sole therapy for unrecon-

structable coronary artery disease.

CLINICAL EXPERIENCE

Currently, three different wavelengths of laser light are being
employed clinically to perform TLR: Holmium:YAG, excimer,
and C02. The largest series with the longest follow-up has em-

ployed the C02 laser. Since 1990, more than 3,000 patients
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worldwide have been treated with this laser. After an initial
study of 15 patients that established the safety of the procedure,
a multicenter, non-randomized study was performed on 200 pa-
tients.17 The entry criteria for this study were patients with se-

vere angina that was refractory to medical therapy. They had to
have evidence of reversible ischemia. Additionally, they could
not be candidates for PTCA, CABG or heart transplantation.
Preoperatively, the patients' recent angiograms were reviewed
to confirm that they were not candidates for conventional revas-

cularization. Additionally, their anginal class was assessed and
their anti-anginal medications were reviewed, as were their ad-
missions to the hospital for angina in the year prior to the pro-
cedure. To evaluate the extent and severity of their ischemia, all
patients underwent myocardial perfusion scans at rest and with
stress. Following the documentation of a significant area of re-

versible ischemia, the patients were enrolled in the study.
Eighty percent of the patients were men and they had an aver-

age age of 63 years (range 35-85 years of age). Eighty percent
had had a previous CABG and many had had two or three pre-
vious bypass operations. Also, 40% of the patients had had a

prior PTCA and, in some cases, up to 11 previous angioplasties.
Ninety percent of the patients had unstable angina at the time of
enrollment. Thirty-five percent had diabetes and seventy per-
cent were hypertensive. The patient's average ejection fraction
was 47% (range 15%-77%). All of the patients were in CCS
anginal class III (20%) or rv (80%).

Intraoperatively, the patients had a transesophageal echocar-
diography (TEE) probe inserted. With the patients in a 45° right
lateral decubitus position, an anterior thoracotomy was per-
formed through the fifth intercostal space.

The patients received an average of 25 channels, confirmed
to be transmural by TEE. The average laser pulse energy was

43 J with a pulse width of 50 milliseconds. The average opera-
tive time was two hours with a laser time of 20 minutes. The 1
mm channels were created in a distribution of approximately
one per square centimeter. Hemorrhage from the channels was

controlled with direct finger pressure or an epicardial suture if
pressure was inadequate. The majority of the patients were ex-

tubated in the operating room or within the first 18 hours post-
operatively. The patients spent an average of two days in the in-
tensive care unit and eight days in the hospital.

While there were no intraoperative laser-induced arrhyth-
mias, early morbidity included a 10% incidence of atrial fibril-
lation and a 2% incidence of myocardial infarction. Seven of
the 200 patients had intraaortic balloon pumps placed intraoper-
atively or in the initial postoperative period. One patient suf-
fered chordae tendinae rupture as a result of the laser. Mitral re-

gurgitation was noted intraoperatively, and the patient
underwent mitral valve repair and was discharged without fur-
ther complication. The early mortality was 9% and the majority
of these deaths was cardiac in nature. All of the patients who
died early had unstable angina preoperatively and 15 of the 18
had had a prior CABG. Additionally, patients with ejection
fractions <40% and who were older than 80 years were more

likely to suffer perioperative mortality. All of the patients were

followed for one year, and the late mortality was an additional
9%. Again, an ejection fraction <40% and an age >80 years
were independent risk factors of late mortality. There was a 4%
reduction in the perioperative mortality from the first 100 pa-
tients to the second 100 patients enrolled (11% to 7%). This re-
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FIG. 1. Phase II angina pectoris class improvement post-
TMR.

duction was due to improved patient selection. Postoperatively,
the average length of stay in the intensive care unit was two
days, with an average hospital stay of seven days.

The patients returned for evaluation at three, six, and twelve
months after the procedure. At these times, they underwent re-

peat radionuclide perfusion scans, had their quality of life and
angina classes reassessed, and had their admissions for angina
and anti-anginal medications reviewed. The overall survival
was 83% at one year.

Preoperatively, the average angina class was 3.8. This im-
proved to 1.46 at three months, 1.36 at six months and 1.44 at
twelve months. The distribution of patients according to angina
class reflects this improvement (Fig. 1). One hundred percent of
the patients were in angina class III or IV preoperatively.
Eighty percent of the patients dropped at least two angina
classes and thirty percent had no angina at each of the intervals
postoperatively. Perfusion scans demonstrated a significant im-
provement in left ventricular perfusion at six and twelve
months (Fig. 2). This decrease in the number of reversible de-
fects was not accompanied by an increase in the number of
fixed defects. In comparison, there was no significant differ-
ence in the number of fixed or reversible defects in the septum
over the twelve months of follow-up. At one institution, perfu-
sion was studied using PET scanning.18 In this study, subendo-
cardial and subepicardial perfusion were compared. There was

p=0.001

FIG. 2. Phase II Left ventricular perfusion by SPECT. Signif-
icant decrease in ischemia after TMR.
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FIG. 3. Phase II Correlation of angina and perfusion changes in patients at 6 and 12 months post-TMR.

a significant improvement in perfusion overall and this was

most noticeable in the subendocardial region. Again, when
comparing the septum to the left ventricular free wall, there was

no change in the resting perfusion of the septal region, whereas
there was an improvement in the resting perfusion in the left
ventricular free wall. Figure 3 demonstrates the correlation be-
tween the angina and perfusion changes. The majority of the
patients exhibited an improvement in perfusion and a corre-

sponding improvement in angina class at six and twelve
months.

The patients' dosage and usage of nitrates, calcium channel
blockers, and beta blockers were monitored throughout the
study. All patients were initially re-started on their preoperative
medications immediately after the procedure. At one year, 56%
of the patients had decreased their usage of these cardioactive
medications and 19% had increased their medications.

Because of their endstage coronary disease, these patients
were frequently admitted to the hospital for angina. In the year
before their transmyocardial laser revascularization, the pa-
tients averaged 2.5 admissions for angina. This average de-
creased to .5 admissions for angina after treatment (p > 0.001).

Of note, some patients (15) during the study as well as after
the one-year follow-up have undergone additional procedures
such as PTCA, CABG or transplant. These patients underwent
an additional intervention to treat progression of their disease in
their native vessels, in their previous bypass grafts, or as a result
of progressive heart failure. Follow-up of patients longer than
one year has been reported by individual institutions.19 The re-

sults in these smaller groups of patients have been similar to
those seen at one-year follow-up.

Following this, a Phase III trial was started with the same in-
clusion criteria. But patients enrolled were randomized 1:1 to
receive either transmyocardial laser revascularization or contin-
ued medical therapy. One hundred and ninety-eight patients
were enrolled in this study and were to be followed for one

year. The demographics for this study show no difference be-
tween the laser group and the medical management group. The
average age was 62 years. Ninety percent had undergone a pre-

vious bypass operation, and fifty percent had undergone a pre-
vious angioplasty. Forty-five percent have diabetes and sixty
percent have hypercholesterolemia. The average ejection frac-
tion is 50% (range 21%-75%). All of the patients were in
angina class III or IV at enrollment.

Intraoperatively, patients received an average of 30 channels
confirmed by TEE. The median ICU stay was two days and
hospital stay eight days. At six months of follow-up, 70% of the
patients treated with the laser showed a decrease of at least two
angina classes, whereas only 8% of the medical management
control group showed a significant improvement in angina
class. 30% of the control group had a significant worsening of
angina over the period of follow-up. Forty-eight percent of the
laser group had a significant decrease in their use of beta block-
ers, calcium channel blockers, or nitrates over the period of fol-
low-up. In contrast, only one patient in the control group had a

significant decrease in his usage of these medications. Event-
free survival for death, as well as unstable or class IV angina, at
six months was 73% for the TLR group versus 12% for the
medical management group (p

—

0.0001). Quality of life in-
dices increased an average of 130% for patients undergoing
TLR compared to no change in the medical management group.
The final analysis of the SPECT perfusion data is pending, but
preliminary results indicate less ischemia in a follow-up for pa-
tients treated with the laser compared to those in the control
group.

There was a 6% mortality for the medical patients within the
first 30 days of enrollment in the trial. Patients with develop-
ment of unstable angina were allowed to cross over from the
medical group to the laser group. There was a 12% periopera-
tive mortality for this crossover group compared to a 4% peri-
operative mortality for patients having TLR initially. The
crossover patients were, by definition, patients who had not

only failed medical therapy but had suffered an acute myocar-
dial infarction and had developed post-infarction angina, or

whose angina was unstable and only controlled by intravenous
medications. This instability contributed to the higher perioper-
ative mortality in the crossover group.
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Final analysis and publication of these Phase III data are

forthcoming. At present, the United States Food and Drug Ad-
ministration is allowing patients to be treated with TLR and, as

100 patients have been enrolled and followed in the medical
control group, the randomization has been stopped. Final re-

view and approval of TLR based on these studies is pending.
A retrospective analysis of patients with Class III or IV

angina, who were either treated medically of underwent CABG,
CABG ± PTCA, or PTCA alone, were compared to 100 pa-
tients from the same institution who underwent TMR with the
C02 laser. Angina improvement was the same for TMR,
CABG ± PTCA, or PTCA alone. The degree of improvement
in patients treated with any of these therapies was significant
versus improvement in patients treated with medical therapy
alone (p > 0.001). Mortality at six and twelve months was less
than 7% in patients treated with CABG ± PTCA or PTCA
alone, but was 12% in patients treated with TMR (p < 0.05).
Mortality in the medical group was 14%. While mortality was
the same in the laser-treated and medical-treated groups, the pa-
tients treated with the laser had a significant reduction in
angina.20

In addition to these clinical studies, autopsy studies have
been performed on patients who have undergone TMR. One
case report demonstrated patent channels in a patient three
months after laser therapy.21 Additional autopsy results from
patients who died at 3, 16, and 150 days after TMR have been
described.22 In these cases, 80%-95% of the channels that had
been created were found. Early, different stages of wound heal-
ing, related to the laser channels, were noted. At day 150 post-
operative, the laser-created channels showed scarring as well as
an extensive capillary network. Patent or endothelialized chan-
nels were not demonstrated in this group of patients who, clini-
cally, were noteworthy for their lack of response to TMR. The
patients demonstrated no significant improvement in angina
status either short-term or long-term. This same group has
demonstrated evidence of blood flow through the patent chan-
nels intraoperatively and up to 544 days postoperatively with
the use of transesophageal echocardiography. Again, patients
who had evidence of doppler blood flow through the channels
were "responders" and had a significant clinical improvement
in their angina after TMR. Patients whose channels could not be
identified were also clinically "nonresponders."

For these patients with severe coronary artery disease, early
postoperative management can be difficult. They should not be
treated as being revascularized as they would be if they had un-

dergone a CABG. As a result, postoperative pain control is im-
portant and the use of a thoracic epidural can be beneficial.
Likewise, some of the morbidity in undergoing TMR can be di-
minished by performing the operation thoracoscopically. I have
performed this procedure with the use of standard thoraco-
scopic equipment and the carbon dioxide laser and its hand
pieces.

CONCLUSION

Transmyocardial laser revascularization has been shown to
improve angina status in patients for whom no other option is
available. Clinical studies with the carbon dioxide laser—both

non-randomized and randomized—have yielded similar results
regarding this angina class improvement. Perfusion scans have
also demonstrated a decrease in the amount of ischemia in these
patients. Completion of the randomized controlled study and
further investigations are necessary to confirm these findings
and to further elucidate the mechanism of TMR.
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