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Introduction

T
ransmyocardial revasculariza-
tion (TMR) has been used
experimentally since 1991 in
patients with angina refrac-
tory to current medical thera-

pies.1 This cardiovascular procedure
employs a high-powered carbon diox-
ide laser that creates channels through
ischemic ventricular myocardium. The
study by Goldman et al2 of reptile
myocardia led to the concept of intra-
cavitary vascularization. Approximate-
ly 90% of the reptile heart is perfused
via central channels that carry blood
from the ventricular chamber into the
myocardium, where it is absorbed into
a sinusoidal system. The other 10%
perfuses via coronary arteries in the
epicardium.2 Therefore, it was theo-
rized that angiogenesis
could develop in humans,
thereby providing ventricu-
lar blood flow to ischemic
areas. Although objective
data confirming increased
perfusion to ischemic areas
has been difficult to deter-
mine, repeated thallium
scans may show areas of
reperfusion.

Patients selected for TMR
must be classified with
Canadian cardiovascular
class III or IV angina (Table)
and demonstrate by
thallium scan, an ischemic
myocardium with the ability
to reperfuse.1,3 Candidates
are otherwise ineligible for
current conventional treat-
ments because of diffuse
disease or nonbypassable
vessels. They also must have
an ejection fraction greater

than 20% and be able to tolerate general
anesthesia.

Case summary
A 47-year-old man, 64 inches tall and
weighing 180 pounds, presented for
TMR. His medical history included a
back injury that required multiple back
surgeries. His back pain was controlled
with a dorsal column stimulator as
well as morphine. His other medica-
tions included warfarin, aspirin,
amlodipine besylate, metoprolol succi-
nate, isosorbide mononitrate, trova-
floxacin, omeprazole, diazepam, and
methylprednisolone sodium succinate.
He also had a history of hyperlipi-
demia, gastroesophageal reflux, a 20
pack per year history of smoking, and
angina disabling him from work. Car-
diac history included triple coronary

In transmyocardial laser revascu-
larization, a small left thoracotomy
incision is made at the fifth rib. The
surgeon dissects until adequate
exposure of the heart is made, and
the laser can be used. The areas to
be lasered are identified, and treat-
ment begins. As each laser beam
penetrates the myocardium, a flash
of bubbles can be seen on echocar-
diogram exiting the left ventricular
outflow tract, which confirms
adequate channeling. After revas-
cularization, the mitral valve is
inspected for any damage to papil-
lary muscle or leaflets.

This case report focuses on a
new laser procedure that creates
channels in the heart that promote
angiogenesis and reestablish blood
flow. A 47-year-old man presented
for this surgery after having previ-
ous coronary artery bypass surgery.
He had worsening angina and was
not recommended for repeat bypass
surgery because of his diffuse dis-
ease. Transmyocardial laser revas-
cularization was offered as an alter-
native to medical therapy.

Complications reported include
dysrhythmia, bleeding, congestive
heart failure, mitral valve damage,
low cardiac output syndrome, and
death. Many patients note sub-
stantial anginal relief after a few
weeks. Transmyocardial laser re-
vascularization gives an alternative
to those with intractable angina
and generally offers an improve-
ment in quality of life.
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Activity Level Angina* Class

Routine activity 0 I

Climbing stairs 0 I

Strenuous exertion + I

Climbing stairs ++ II

Walking uphill ++ II

Walking after meals, ++ II
in cold or wind

Emotional stress ++ II

Walking more than ++ II
2 level blocks

Walking 1 or 2 level +++ III
blocks

Climbing 1 flight of stairs +++ III

Routine activity ++++ IV

Resting + to ++++ IV

Table. Canadian cardiovascular angina class

* The level of angina is rated as no angina (0), mild (+), mild to moderate
(++), moderate (+++), and severe (++++).
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artery bypass grafting in 1994 with revascularization
to the distal left anterior descending artery using a
sequentialed left internal mammary artery and a
saphenous vein graft to the obtuse marginal branch of
the circumflex artery. A year after this surgery, he
began having angina, which was relieved by nitro-
glycerin. This condition was monitored by his cardi-
ologist, and he had undergone multiple angioplasties
and stent placements since that time. His angina had
become progressively worse, to the point where walk-
ing from room to room resulted in chest pain. He had
rare angina at rest.

The cardiac catheterization study showed a patent
left internal mammary graft to left anterior descending
without substantial distal lesions. The graft to the
obtuse marginal graft was patent with 30% distal dis-
ease. The left main coronary artery had a 50% to 60%
stenosis at the takeoff of the small circumflex coronary
artery. There was a larger diagonal branch with a 40%
medial lesion. The right coronary artery showed dif-
fuse disease without substantial stenosis. The proximal
posterior descending and the proximal left ventricular
branches had 20% lesions. Ejection fraction was esti-
mated at 40% to 50% with anterior hypokinesis.

A repeat coronary bypass was not recommended at
that time because there were no significant stenotic
lesions. At some point after surgical consultation, a
myocardial perfusion scan showed a small, possibly
reversible defect involving the basoinferior wall of the
left ventricle consistent with a small amount of
ischemia. He was admitted to the hospital at that time
for burning angina and sensations of smothering.

Preparation for the procedure included placement
of a large-bore intravenous catheter, a radial artery
catheter, a pulmonary artery catheter, and a Foley
catheter. An epidural analgesic catheter was not
placed because it was felt that he was not an appro-
priate candidate due to his complicated history of
back problems. Preoperative medications included
fentanyl, 3 µg/kg; midazolam, 0.0l mg/kg; metoclo-
pramide, l0 mg; and ranitidine hydrochloride, 50 mg.
Preoperative blood gases were as follows: pH,7.33;
PCO2, 58.9 mm Hg; PO2, 99 mm Hg; base excess/base
deficit, 4.3; bicarbonate, 31.4 mEq/L. Also noted pre-
operatively were potassium, 4.0 mEq/L; sodium,140
mEq/L; and hematocrit, 41%.

The patient was then taken to the operating suite
and monitored per protocol: electrocardiogram, with
2 sets of leads (1 set for our purposes and the other set
for the laser, which times lasering with the QRS com-
plex), pulse oximetry, capnography, radial artery pres-
sure, pulmonary artery pressure, continuous cardiac
output, and external defibrillator pads. Appropriate

warming measures were taken, which included a
humidified warmer and a lower body warming blan-
ket. A cell-saver was present for blood salvaging in the
unlikely event of uncontrollable hemorrhage. Blood
loss is usually between 300 mL and 800 mL.

Anesthesia was induced with propofol, 1.6 mg/kg;
rocuronium, 0.6 mg/kg; fentanyl, 6 µg/kg, midazolam,
0.03 mg/kg; and pancuronium, 0.1 mg/kg. The patient
was placed in a modified right lateral position with
the left arm above the head. All pressure areas were
padded, and care was taken to avoid left brachial
plexus injury. After induction, 500 mL of 5% albumin
was infused to maintain a “full” heart by keeping the
pulmonary artery diastolic pressure at 20 to 25 mm
Hg and the central venous pressure at 15 to 18 mm Hg
before lasering. Fentanyl was titrated up to 35 µg/kg
and midazolam up to 0.06 mg/kg. Desflurane was
administered and maintained at 3.0% to 4.4%. Aver-
age arterial blood pressure was 125/70 mm Hg with a
heart rate of 70 beats per minute; central venous pres-
sure,15 mm Hg; and pulmonary artery pressure, 36/20
mm Hg. The cardiac output was 6.7 L/min with a car-
diac index of 2.8 L/min.

The procedure began with a small left thoracotomy
incision made at the level of the fifth rib. A sin-
gle-lumen endotracheal tube was used with adjust-
ments made to tidal volume and rate so that adequate
surgical exposure was maintained. Just before laser-
ing, the patient’s eyes were protected with moist saline
gauze while operating room personnel donned pro-
tective eyewear. A dobutamine infusion was started at
2 µg/kg per minute, which maintained the cardiac
index at 3.0 to 4.0 L/min. A transesophageal probe
was passed to verify penetration of the myocardium.
Once lasering began, each delivered treatment was
confirmed by transesophageal probe with the pres-
ence of bubbles that appeared in the ventricle and
continued along the ventricular outflow tract. The
laser channels were then checked for adequate sealing
with mild digital pressure applied to the areas to
ensure that bleeding had stopped. Usually, 20 to 30
laser treatments are given during the procedure.3 The
patient received a total of 27 laser channels, 2 of
which did not fully penetrate the myocardium, at 20
to 30 joules.

The figure shows the areas of concentration: infe-
rior with 5 channels, posterior left with 5 channels,
anterior left with 6 channels and 1 nonpenetrating,
anterior with 4 channels and 1 nonpenetrating, and
the apex with 5 channels. Once all channels had been
made, a final look with the transesophageal probe con-
firmed that mitral valve function was intact. This was
done because misdirected lasering can damage papil-
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lary muscle or leaflets. The patient was then given 20
mg of furosemide to prevent the development of con-
gestive heart failure. The dobutamine infusion
remained at 2 µg/kg per minute (cardiac output, 8.4
L/min; cardiac index, 4.3 L/min), and a propofol infu-
sion was started at 0.02 to 0.04 mg/kg per hour. Chest
tubes were then placed, and the thoracotomy incision
was closed. Total fluids for the procedure included 500
mL of 5% albumin and 3,500 mL crystalloid. Urine
output was 1,860 mL, and estimated blood loss was
300 mL. The total operating room time was 180 min-
utes with a total surgical time of 136 minutes. After the
procedure, the patient was transported to the intensive
care unit for postoperative care.

Discussion
Although TMR is still somewhat experimental, much
has been learned and adapted since 1991 with regard
to evolving surgical techniques, patient selection, and
patient management. Currently, TMR is reserved for
those with intractable angina and nonbypassable

coronary arteries, but there are subsets of patients
who may have bypassable as well as nonbypassable
coronary arteries (too small to graft). Combining
coronary artery bypass grafting with TMR may be of
great benefit to such patients by providing them with
flow via graft sites as well as creating collateral flow
from laser channels. There is no long-term data avail-
able to show patient outcomes after 10 or more years,
but short-term effects are encouraging because
patients have reported feeling better and have been
able to restore much of their quality of life. The pro-
cedure is less invasive than standard aortocoronary
bypass grafting, does not require heparinization or its
reversal, does not use cardiopulmonary bypass, and
gives an option to those who have no other surgical
choice.

Complications of TMR include bleeding, dysrhyth-
mia due to interruptions in conduction pathways,
congestive heart failure and pulmonary edema related
to laser channeling, atelectasis and incisional pain,
valvular insufficiency due to leaflet trauma, and low
cardiac output, which may require inotropic as well as
intra-aortic balloon pump support.1,4 The relief of
anginal pain may not be immediate, but pain should
improve if the underperfused areas respond to treat-
ment. Results seem to hold promise for long-term
anginal relief, as most patients moved from a Cana-
dian angina class III or IV to class I or II. Quality of
life is generally better, with improvements in physical
as well as emotional states.5 As more is learned about
TMR, patient care will continue to evolve, and effi-
cient management will follow, providing these
patients a near normal life-style.
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Figure. Transmyocardial laser channels*

* O indicates penetrating laser channels; X indicates nonpenetrating laser
channels; SVC indicates superior vena cava; IVC indicates inferior vena cava;
LAD indicates left anterior descending artery; RCA indicates right coronary
artery; L. main indicates left main artery.


