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Revascularization as 
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Artery Bypass Grafting
A Randomized, Multicenter Study 
with 4-Year Follow-Up

We evaluated transmyocardial laser revascularization (TMLR) with coronary artery by-
pass grafting (CABG) versus CABG alone for severe coronary artery disease involving
≥1 myocardial region unsuited for CABG.

At 4 centers, 44 consecutive patients were randomized for CABG+TMLR (n=23) or
CABG alone (n=21). Operative and in-hospital mortality and morbidity rates were mon-
itored. Clinical status was evaluated at hospital discharge, 1 year, and 4 years. Success
was characterized by relief of angina and freedom from repeat revascularization and
death.

Preoperatively, 20 patients (47%) were at high risk. The CABG technique, number of
grafts, and target vessels were similar in both groups. Patients undergoing CABG+
TMLR received 25 ± 11 laser channels. Their ≤30-day mortality was 13% (3/23) com-
pared with 28% (6/21) after CABG alone (P=0.21). There were no significant intergroup
differences in the number of intraoperative or in-hospital adverse events.

The follow-up period was 50.3 ± 17.8 months for CABG alone and 48.1 ± 16.8 months
for CABG+TMLR. Both groups had substantially improved angina and functional status
at 1 and 4 years, with no significant differences in cumulative 4-year mortality. The inci-
dence of repeat revascularization was 24% after CABG alone versus none after CABG+
TMLR (P <0.05). The 4-year event-free survival rate was 14% versus 39%, respectively
(P <0.064).

In conclusion, CABG+TMLR appears safe and poses no additional threat for high-
risk patients. Improved overall success and repeat revascularization rates may be due
to better perfusion of ischemic areas not amenable to bypass. Further studies are war-
ranted to determine whether these trends are indeed significant. (Tex Heart Inst J
2004;31:231-9)

espite immense progress in the treatment of coronary artery disease, dif-
fuse coronary atherosclerosis remains a clinical challenge for cardiologists
and cardiac surgeons. In patients with severe multivessel coronary artery

disease and concomitant impaired left ventricular function, traditional coronary
artery bypass grafting (CABG) can be associated with significant mortality and
morbidity.1

Complete revascularization of 3 or more stenotic vessels in high-risk patients is
independently associated with reduced mortality and symptom-free survival.2 At 6
years, the survival rate is 69% for patients with grafts to all 3 major coronary vessels
versus 45% in patients with only 2 bypass grafts. However, in patients with broadly
diffuse severe stenoses, complete revascularization is not always possible. These pa-
tients tend to have persistent postoperative angina and other cardiac events.3,4

In several clinical trials,5,6 transmyocardial laser revascularization (TMLR) as sole
therapy has been shown to be effective in improving angina in patients who were
not otherwise candidates for surgical or percutaneous transluminal intervention. In
TMLR patients treated with the CO2 laser, Frazier and associates7 demonstrated
improved relative subendocardial blood flow through the ischemic myocardial re-
gion on positron emission tomography (PET) scans. In a multicenter, randomized,
controlled trial consisting of 192 patients at 12 sites throughout the United States,
cardiac perfusion was significantly improved in the TMLR recipients but dete-
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riorated in the medically managed patients.8 Three
groups9-11 have used TMLR successfully as an adjunct
to CABG in cohorts similar to the one described here.
Unfortunately, from a scientific viewpoint, it is hard
to isolate the efficacy of TMLR from that of CABG
when combined interventions are undertaken in the
absence of a control group. In addition, the long-term
effect of TMLR as an adjunct to CABG has not pre-
viously been studied.

The present prospective, controlled study was un-
dertaken to evaluate the perioperative and late effica-
cy of CABG+TMLR versus CABG alone, so that a
cause-effect relationship could be established between
adjunctive use of the laser and at least the immediate
perioperative outcome with respect to cardiogenic
shock, the need for mechanical circulatory support,
and death. Moreover, this study was designed to iden-
tify and compare the long-term clinical outcome after
CABG+TMLR versus CABG alone.

Patients and Methods

Trial Design and Patient Characteristics. This pro-
spective, controlled, 1:1 randomized, multicenter trial
involved 44 patients at 4 U.S. centers (see Appendix).
All of the patients required myocardial revasculariza-
tion for severe, multistenotic coronary artery disease.
All had at least 1 myocardial region that was not ini-
tially considered amenable to direct revascularization
with an arterial or venous bypass graft, as determined
by preoperative coronary angiography. After entering
the study, patients were randomized into 2 groups.
The CABG+TMLR group underwent TMLR with 
a CO2 laser (PLC Medical Systems Inc.; Franklin,
Mass) as an adjunct to CABG. The CABG group re-
ceived traditional CABG alone. The study protocol
was approved by the U.S. Food and Drug Adminis-
tration and by each hospital’s institutional review
board. Preoperatively, each patient underwent clinical
examination, angiography, and evaluation of medical
history and coexisting risk factors. Each patient’s base-
line ejection fraction was determined with multigated
equilibrium (99m)Tc radionuclide cineangiography,
echocardiography, or cardiac catheterization. All 
patients were evaluated according to the Cleveland
Clinic risk stratification score (CCRSS),1 which pre-
operatively estimates the risk of morbidity and mor-
tality in patients scheduled to undergo CABG.

When feasible, the patient and the referring cardiol-
ogist were blinded with respect to the type of treat-
ment. At the surgeons’ discretion, the CABG+TMLR
patients who were found to have bypassable vessels in
the TMLR-targeted area at the time of surgery could
be switched to the CABG group. 

Study Endpoints. The objective of the study was to
compare the 2 groups with respect to perioperative and

late mortality and morbidity and with respect to major
adverse cardiac events (lack of angina relief, need for
an additional revascularization procedure, and death).

Timing of the Evaluations. Evaluations were per-
formed before surgery, at hospital discharge, at 1
year, and at 4 years. Patients who died, who needed
additional surgical intervention, or who were lost to
follow-up were considered eligible for evaluation un-
til the time of the disqualifying event.

Operative Procedure. The TMLR procedure was per-
formed with a high-powered CO2 laser, which can cre-
ate 1-mm transmyocardial channels on the beating
heart in less than 100 msec at a pulse energy of 15 to
80 J. The channels were placed in the left ventricular
free wall, approximately 1 to 2 cm2 apart. Transesoph-
ageal echocardiography was used to verify transmural
vaporization of the laser energy.

Coronary artery bypass grafting was performed ac-
cording to standard protocol at each investigational
site. The TMLR procedure was completed before hep-
arinization and initiation of the CABG procedure.
The preoperative medical regimen, including anti-
anginal agents, was reinstituted postoperatively at the
discretion of the investigator or referring physician.

Statistical Analysis. All statistical tests were per-
formed at a 5% significance level and at 80% power,
using Microsoft Excel spreadsheet or SAS software
(SAS Institute, Inc.; Cary, NC) on a personal comput-
er. Standard or paired t-testing was used to compare
continuous variables. The χ2, 2-sided exact Kruskal-
Wallis, marginal homogeneity, and Fisher exact tests
were used to compare categorical variables.

Results

Preoperative Results. The study was performed from
December 1996 through June 1998 and originally in-
cluded 51 patients whose angina was classif ied as
Canadian Cardiovascular Society class 3 or 4. Twenty-
four of these patients were assigned to the CABG
group, and the remaining 27 patients were assigned 
to the CABG+TMLR group.

Three CABG patients and 4 CABG+TMLR pa-
tients subsequently withdrew from the study: of the 3
CABG patients, the first died before surgery, the sec-
ond was withdrawn after CABG because of a protocol
violation, and the third was withdrawn before surgery
for an unknown reason. Of the 4 CABG+TMLR pa-
tients, 3 underwent complete revascularization with
CABG alone after direct, intraoperative visualization
of the coronary arteries revealed suitable target vessels
originally deemed inoperable by preoperative coro-
nary angiography (they were not included in our eval-
uation of the CABG group), and 1 patient underwent
emergency CABG when the right ventricle was acci-
dentally entered before TMLR could be performed.
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The remaining 44 patients had similar characteris-
tics (Table I). Each had refractory angina despite
long-term maximal medical therapy. Twelve (57%) of
the 21 patients in the CABG group had experienced a
previous myocardial infarction that was subsequently
associated with congestive heart failure, and 12 had
previously undergone conventional CABG or inter-
ventional balloon angioplasty, with or without stent-
ing. Thirteen (57%) of the 23 patients in the CABG+
TMLR group had experienced a previous myocardial
infarction, and 18 patients (78%) had undergone pre-
vious revascularization procedures. The left ventricu-
lar ejection fraction was 0.48 ± 0.10 in CABG patients
and 0.45 ± 0.11 in CABG+TMLR patients. In each
group, 14% of the patients needed intraaortic balloon
pump (IABP) support preoperatively.

In both groups, more than half of the patients were
smokers, and most had diabetes mellitus, hyperten-
sion, and hypercholesterolemia. Arrhythmias, as well
as cerebrovascular, respiratory, or renal disease, were
also present. The overall CCRSS was 5 ± 3. Of the
total population of 44 patients, 20 (47%) were con-
sidered at high risk (CCRSS, ≥5). More CABG pa-
tients (52%) than CABG+TMLR patients (41%) were
at high risk (P=NS).

Perioperative Results. The mean duration of cardio-
pulmonary bypass was 102 ± 50 minutes for the
CABG group and 115 ± 38 minutes for the CABG+
TMLR group (P=0.29) (Table II). The mean aortic
cross-clamp time was 69 ± 33 minutes for the CABG
group and 67 ± 29 minutes for the CABG+TMLR
group. In the latter group, the distribution of the laser
channels was similar in the anterior, lateral, and infe-
rior areas of the left ventricle. In contrast, fewer laser
channels were created in the posterior region of the
ventricle. The left anterior descending artery was re-
vascularized in 95% of the CABG patients but in only
77% of the CABG+TMLR group.

The in-hospital mortality was 28% (6/21) for the
CABG group and 13% (3/23) for the CABG+TMLR
group (P=0.21) (Table III). Postoperatively, 3 CABG
patients developed a low cardiac output syndrome re-
lated to progressive heart failure and died within 24
hours despite extensive pharmacologic support and
placement of a left ventricular assist device. Two other
patients died of sudden cardiac arrest on days 2 and 
3. One patient had a pulmonary embolism, which
caused severe right-sided heart failure and death at 30
days. In the CABG+TMLR group, 2 patients devel-
oped cardiogenic shock immediately after the opera-
tion and died on days 0 and 10. One other patient
had ventricular fibrillation on the 1st postoperative
day, developed a low cardiac output syndrome that
was refractory to therapy, and died the same day.

Perioperatively, 1 patient in each group had an
acute myocardial infarction, diagnosed on the basis of

electrocardiography and postoperative cardiac enzyme
levels (Table IV). Postoperatively, atrial fibrillation
was the most common complication in the CABG+
TMLR group. Cardiac arrest occurred in 3 patients 
in the CABG group (14%) versus 1 patient in the
CABG+TMLR group (5%). The incidence of infec-
tion, excessive bleeding, and pulmonary or renal com-
plications was comparable in both groups. Patients in
the CABG group showed a trend toward a shorter stay
both in the intensive care unit (3 ± 2 vs 7 ± 10 days;
P=0.10) and in the hospital (9 ± 7 vs 14 ± 10 days;
P=0.06).
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TABLE I. Baseline Patient Characteristics, Medical
History, Risk Factors, and Risk Score

CABG CABG+TMLR
(n=21) (n=23)

Variable No. (%) No. (%)

Mean age (y) 63 ± 8 63 ± 9
Female sex 7 (33) 5 (22)
Mean CCS angina class 3.5 ± 0.5 3.4 ± 0.6

Class 3 10 (48) 14  (61)
Class 4 11 (52) 9 (39)

LVEF 0.48 ± 0.10 0.45 ± 0.11
Pts. with LVEF ≤0.35 2/20 (10) 4 (17)

Prophylactic IABP use 3 (14) 3/22 (14)

History of CV Disease
Coronary artery disease 20 (95) 23 (100)

3-Vessel 12 (57) 12 (52)
Left main 4 (19) 2  (9)

Previous AMI 12 (57) 13 (57)
Unstable angina 11 (52) 15 (65)
Arrhythmia 2 (9) 4/22 (18)
Congestive heart failure 7 (33) 9 (39)
Previous CABG 7 (33) 12 (52)
Previous PTCA 7/20 (35) 14 (61)
Previous CABG or PTCA 12 (57) 18 (78)

History of Other Diseases
CVA or TIA — 2  (9)
Respiratory disease 7 (33) 3 (13)
Renal disease 6 (29) 7 (30)

Risk Factors
Family history of CAD 11/18 (61) 18/22 (82)
Diabetes mellitus 13 (62) 14 (61)
Hypertension 17 (81) 17 (74)
Hypercholesterolemia 16 (76) 14 (61)
Smoking 13 (62) 12 (52)

Risk Score
Mean CCRS score 5 ± 3 5 ± 3
At high risk 11 (52) 9 (41)

AMI = acute myocardial infarction; CABG = coronary artery 
bypass grafting; CAD = coronary artery disease; CCRS = Cleve-
land Clinic risk stratification; CCS = Canadian Cardiovascular 
Society; CV = cardiovascular; CVA = cerebrovascular accident;
IABP = intraaortic balloon pump; LVEF = left ventricular ejection
fraction; PTCA = percutaneous transluminal coronary angioplas-
ty; TIA = transient ischemic attack; TMLR = transmyocardial
laser revascularization

Data are presented as mean ± standard deviation or as num-
ber and percentage of patients. Denominator may vary de-
pending on availability of data.



ate postoperative period, 1 of these patients under-
went thrombectomy of a radial artery graft supplying
the left anterior descending coronary artery. In the
3rd, 6th, 13th, and 14th months, respectively, the
other 4 patients required PTCA for stenotic lesions
that had developed in the native coronary arteries or
bypass grafts and were causing recurrent ischemia and
angina. In neither group did any patient need repeat
revascularization after 14 months. Three patients in
the CABG group died during the 21st, 24th, and
48th postoperative months (Table V). The cause of
death was renal failure in 1 patient and unknown 
in the other 2 patients. Similarly, 3 patients in the
CABG+TMLR group died: 1 in the 14th month and
2 in the 24th month. The cause of death was noncar-
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Late Follow-Up Results. Other than the 6 in-hospital
deaths, the CABG group had no mortality during the
1st postoperative year. During the 1st few months
after surgery, 1 CABG+TMLR patient had recurrent
heart failure that was ultimately refractory to all life-
saving attempts, and this patient died at 5 months
(Table V). Another CABG+TMLR patient had a
complicated postoperative course but was discharged
from the hospital after 17 days. Seven months later,
he died at home, presumably of cardiac causes. There
was no significant intergroup difference in mortality
rate at 1 year.

Within the 1st postoperative year, 5 patients in the
CABG group underwent angioplasty for persistent
angina and bypass graft stenosis. During the immedi-

TABLE II. Characteristics of Revascularization Treatment

CABG CABG+TMLR
Variable (n=21) (n=23)*

TMLR
Number of laser shots fired NA 29 ± 18
Number of TEE-confirmed channels NA 25 ± 11
Laser pulse energy (J) NA 29 ± 13
Treatment area

Anterior NA 86% (19/22)
Posterior NA 45% (10/22)
Inferior NA 82% (18/22)
Lateral NA 82% (18/22)

At least 3 areas treated NA 73% (16/22)

CABG characteristics
Mean aortic cross-clamp time (min) 69 ± 33 67 ± 29
Mean CPB time (min) 102 ± 50 115 ± 38
Mean number of grafts 3.1 ± 0.7 (21) 3.1 ± 0.8 (20)
Graft sites

LAD 95% (20/21) 77% (17/22)
LCx 90% (19/21) 82% (18/22)
RCA 71% (15/21) 68% (15/22)

CABG = coronary artery bypass grafting; CPB = cardiopulmonary bypass; LAD = left anterior descending coronary artery; 
LCx = left circumflex coronary artery; NA = not applicable; RCA = right coronary artery; TEE = transesophageal echocardiog-
raphy; TMLR = transmyocardial laser revascularization

*Perioperative data for 1 patient at the Texas Heart Institute were lost because of damage caused by Tropical Storm Allison.

Data are presented as mean ± standard deviation (number of patients) or as percentage (number of patients).

TABLE III. Perioperative (≤30-Day) Mortality: Times and Causes of Death

Non- Time of
Group survivors Death (POD) Cause of Death

CABG (n=6/21; 28%) 3 1 Low cardiac output syndrome
1 2 Sudden cardiac death
1 3 Sudden cardiac death
1 30 Pulmonary embolism and heart failure

CABG+TMLR (n=3/23; 13%*) 1 0 Cardiogenic shock
1 1 Ventricular fibrillation and low cardiac output syndrome
1 10 Cardiogenic shock

CABG = coronary artery bypass surgery; POD = postoperative day; TMLR = transmyocardial laser revascularization

*P=0.21 vs CABG alone.



In both groups, the New York Heart Association
functional class at 1 and 4 years improved significant-
ly over baseline levels (Table VII). There were no sig-
nificant intergroup differences in New York Heart
Association functional class.

The long-term follow-up period lasted for 50.3 ±
17.8 months (range, 21–66 months) for the CABG
group and 48.1 ± 16.8 months (range, 14–68 months)
for the CABG+TMLR group. At 4 years, overall treat-
ment success, defined as freedom from death, repeat
revascularization, and continued or recurrent angina,

diac in 1 patient (lupus erythematosus) and unknown
in the other 2 cases. The late mortality rate was not
significantly different between the 2 groups.

Compared with the baseline level, the angina class
improved significantly in both groups at the 1- and 4-
year follow-up evaluations (Table VI). Two patients
in each group reported little or no relief from angina
at 1 year. Two CABG patients and 1 CABG+TMLR
patient reported no relief from angina during the late
follow-up period. At the end of the study, there was
no significant intergroup difference.

TABLE IV. Perioperative (≤30-Day) Morbidity

CABG CABG+TMLR
(n=21) (n=23)*

Complication No. (%) No. (%) P Value**

Acute renal failure 1 (5) 1 (5) 0.97

Anemia 3 (14) 2 (9) 0.60

Atrial fibrillation 3 (14) 7 (32) 0.18

Atrial flutter 1 (5) 2 (9) 0.58

Cardiac arrest 3 (14) 1 (5) 0.28

Congestive heart failure 1 (5) 1 (5) 0.97

Deep vein thrombosis 1 (5) 0 0.31

Excessive bleeding 1 (5) 1 (5) 0.97

Heart block 0 2 (9) 0.16

Infection 5 (24) 4 (18) 0.65

LVAD support 3 (14) 0 0.09

Low cardiac output 1 (5) 0 0.31

Mediastinitis 1 (5) 0 0.31

Myocardial infarction 1 (5) 1 (5) 0.97

Neurologic deficit 2 (10) 2 (9) 0.96

Pericardial tamponade 3 (14) 1 (5) 0.28

Pericarditis 1 (5) 0 0.31

Pleural effusion 2 (10) 5 (23) 0.25

Pulmonary complications 3 (14) 5 (23) 0.48

Stroke 1 (4) 0 0.31

Ventricular arrhythmias 0 1 (5) 0.33

Ventricular fibrillation 0 1 (5) 0.33

Mean length postoperative ICU stay (days) 3 ± 2 7 ± 10 0.10

Mean length of hospitalization (days) 9 ± 7 14 ± 10 0.06

CABG = coronary artery bypass grafting; ICU = intensive care unit; LVAD = left ventricular assist device; TMLR = transmyocardial
laser revascularization

**Perioperative data for 1 patient at the Texas Heart Institute were lost because of damage caused by Tropical Storm Allison.
Numbers and percentages in column are based on 22 patients.

**Calculated with the 2-sided Fisher exact test.
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TABLE V. Late Mortality (>30 Days)

Non- Time of
Group survivors Death (POM) Cause of Death

CABG (n=3/21; 14%) 1 21 Unknown
1 24 Unknown
1 48 Renal failure

CABG+TMLR (n=5/23; 22%) 1 5 Congestive heart failure
1 7 Presumably cardiac causes
1 14 Noncardiac cause
1 24 Unknown
1 24 Unknown

CABG = coronary artery bypass grafting; POM = postoperative month; TMLR = transmyocardial laser revascularization

TABLE VI. Angina Status at Follow-Up (CCS Classification)

CABG CABG+TMLR

Angina Baseline At 1 y At 4 y Baseline At 1 y At 4 y
Class (n=21) (n=12) (n=5) (n=23) (n=10) (n=10)

0 0 6 3 0 3 4

1 0 2 1 0 4 4

2 0 3 1 0 2 1

3 10 1 0 14 1 1

4 11 0 0 9 0 0

Mean 3.5 ± 0.5 0.9 ± 1.1 0.5 ± 0.8 3.4 ± 0.5 1.1 ± 1 0.9 ± 1.0
± SD P <0.001* P <0.001* P <0.002* P <0.001*

CABG vs CABG+TMLR (2-sided exact Kruskal-Wallis test): P = 0.38 P = 0.68 P = 0.42

CABG = coronary artery bypass grafting; CCS = Canadian Cardiovascular Society; TMLR = transmyocardial laser revascularization

*Versus baseline, calculated with the exact marginal homogeneity test.

TABLE VII. Heart Failure Status at Follow-Up (NYHA Functional Class)

Follow-Up CABG CABG+TMLR

NYHA Baseline At 1 y At 4 y Baseline At 1 y At 4 y
Class (n=19) (n=10) (n=5) (n=22) (n=9) (n=10)

I 2 7 3 2 6 6

II 0 2 1 3 2 3

III 6 1 1 9 1 1

IV 11 0 0 8 0 0

Mean 3.4 ± 1.0 1.4 ± 0.7 1.5 ± 0.8 3.0 ± 0.9 1.4 ± 0.7 1.5 ± 0.7
± SD P <0.01* P <0.008* P <0.03* P <0.005*

CABG vs CABG+TMLR (2-sided exact Kruskal-Wallis test): P = 0.28 P = 0.89 P = 1.0

CABG = coronary artery bypass grafting; NYHA = New York Heart Association; TMLR = transmyocardial laser revascularization

*Versus baseline, calculated with the exact marginal homogeneity test.
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were at high surgical risk. The perioperative mortality
was lower in the CABG+TMLR group than in the
CABG alone group (13% vs 28%; P=0.21). Despite
the lack of a significant intergroup difference in this
small series of patients, the lower mortality rate in 
the CABG+TMLR group appears to be a promising
trend. The slightly superior perioperative effect of ad-
junctive TMLR may be attributable to the creation of
acutely patent channels that have been reported to
improve myocardial perfusion in ischemic areas not
amenable to CABG.8 Short- and long-term channel
patency has previously been demonstrated histologi-
cally and ventriculographically in both animals and
human beings.12-14

The perioperative mortality in our CABG+TMLR
group (3/23; 13%) was lower than the 20% mortality
predicted by the CCRSS for patients with a similar
preoperative risk. Previously, Allen and colleagues15

had reported a randomized, multicenter trial in which
TMLR with a Ho:YAG laser was performed in com-
bination with CABG. The 1.5% perioperative mor-
tality rate in their treatment group was also less than
the 6.3% predicted by the risk-assessment method
used in their study (Parsonnet risk-stratification). In
contrast to Allen’s results, however, the overall periop-
erative mortality rates in both of our patient groups
were considerably higher. This difference may be re-
lated to our patients’ higher risk scores, which result-
ed from their substantial comorbidities, including
higher rates of previous CABG or PTCA, renal dis-
ease, and preoperative IABP support for impaired left
ventricular function. In another recently published
meta-study, 390 patients underwent CABG+TMLR
because of diseased vessels that could not be grafted
for technical reasons. Those patients had similar rates

was 14% (3/21) in the CABG group and 39% (9/23)
in the CABG+TMLR group (P <0.064) (Table VIII
and Fig. 1).

Discussion

We evaluated the efficacy of TMLR as an adjunct to
CABG in 23 patients who had distal, diffuse coronary
artery disease not amenable to optimal revasculariza-
tion by conventional means. Our control group com-
prised 21 patients with similar angiographic anatomy
and comorbidities who underwent CABG alone.
More than two thirds of the patients in both groups
had experienced at least 1 previous myocardial infarc-
tion, followed by CABG or PTCA. According to the
CCRSS, almost half of the patients in both groups

TABLE VIII. Follow-Up Results at 1 and 4 Years

CABG (n=21) CABG+TMLR (n=23)

1 year 4 yearsa 1 year 4 yearsa

Variable No. (%) No. (%) No. (%) No. (%)

Lost to follow-up 0 2 (10) 8 (35) 5 (22)

Lack of angina relief 2 (10) 2 (10) 2 (9) 1 (4)

Additional procedure 5 (24) 5 (24) 0 0b

Death 6 (29) 9 (42) 5 (22) 8 (35)

Overall therapeutic failure 13 (62) 18 (86) 15 (65) 14 (61)

Treatment success 8 (38) 3 (14) 8 (35) 9 (39)c

CABG = coronary artery bypass grafting; TMLR = transmyocardial laser revascularization

aDuration of follow-up was 50.3 ± 17.8 months (range, 21–66 months) in the CABG group and 48.1 ± 16.8 months (range, 14–68
months) in the CABG+TMLR group.

bP <0.05 vs CABG alone
cP <0.064 vs CABG alone
Note: The numbers are cumulative.

Fig. 1  Event-free survival at 4 years.

Texas Heart Institute Journal CABG+TMLR vs CABG Alone      237



of operative deaths and acute adverse events compared
with patients who underwent CABG (n=39,454)
(4.9% vs 4.1% and 18.1% vs 15.5%, respectively).16

Although the mortality and morbidity rates in both
groups were lower than those of our patients, detailed
risk stratification in that study was not described. Ac-
cording to the authors, the 30-day mortality rate was
4.2% after 2,475 CABG+TMLR operations.16 This
was lower than the mortality rate in our patients who
received the same treatment. In our patients, however,
the occurrence of preoperative risk factors such as dia-
betes, angina class, heart failure, previous myocardial
infarction, and unstable angina rates was substantially
higher.

In each of our treatment groups, the baseline Cana-
dian Cardiovascular Society angina class and the New
York Heart Association functional class compared
with the respective 1- and 4-year follow-up results
showed significant improvement. There was no in-
tergroup difference in either of these classifications
or in the overall distribution of angina classes. The
improvement in the CABG+TMLR group was con-
sistent with the results of earlier studies of TMLR as
sole therapy in which patients experienced a dramat-
ic clinical improvement of more than 2 classes up to
5 years postoperatively.17 The placebo effect has been
proposed as a possible mechanism to account for the
beneficial effects associated with TMLR17,18 or percu-
taneous myocardial laser revascularization (PMLR).19

In our study, however, because the patients were
blinded to treatment for up to 1 year postoperatively,
the long-term outcome was unlikely to have been in-
fluenced by the placebo effect, which is not expected
to last beyond 1 year after the procedure. However, in
the adjunctive setting, the beneficial effects can be 
attributed to the bypass surgery performed in both
groups. Nevertheless, the difference between the
CABG+TMLR and CABG-only groups with respect
to the overall failure rate (defined as recurrent angina,
repeat revascularization, and/or death) neared signif-
icance in our study (CABG, 86%; CABG+TMLR,
61%; P <0.064). In this context, it is quite remark-
able that, when CABG+TMLR was used to treat dif-
fuse coronary artery disease, the overall success rate
improved significantly at a mean of 48 months post-
operatively. In their TMLR study involving the
Ho:YAG laser, Allen and coworkers15 observed a non-
significant trend toward fewer overall treatment fail-
ures in the CABG+TMLR group during the 1-year
follow-up period, but they did not consider the inci-
dence of repeat revascularization at that interval. In
our study, the repeat revascularization rate at 4 years
was zero for the CABG+TMLR group and 24% for
the CABG group (P <0.05).

The mechanisms that underlie these results remain
controversial.20-22 Because the Ho:YAG laser lends it-

self to percutaneous applications, numerous clinical
trials have been conducted to test the ef f icacy of
PMLR; most of them have yielded negative results
with respect to procedural risk and morbidity.23-25

Caution must be used, however, in comparing PMLR
results to those of TMLR, because the CO2 and
Ho:YAG lasers have completely different histologic
and arrhythmogenic properties.20,26 Therapeutic op-
tions for patients with symptomatic diffuse coronary
artery disease are very limited and do not substantial-
ly improve either cardiac function or quality of life.
With the introduction of TMLR, however, another
potential therapeutic tool was added to this limited
arsenal. Combining TMLR with conventional CABG
might possibly improve survival and provide relief of
angina in this high-risk population.
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