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Hot-Knife Dissection of the Latissimus
Dorsi Muscle for
Dynamic Cardiomyoplasty
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Abstract: The overall purpose of circulatory assistance uti-
lizing skeletal muscle is the most efficient application of
muscle power. From the histological viewpoint, hot-knife
dissection of the latissimus dorsi muscle (LDM) is pre-
sented to preserve muscle tissue. The shaw hemostatic
scalpel could be used similarly to standard surgical blades,
and its hemostatic performance was efficient in sealing
collateral vessels from the thoracic wall. Muscular and ner-
vous twitching was never observed throughout dissecting
the LDM. Histological findings revealed that muscle fibers
could be preserved by hot-knife dissection rather than by
electrocautery. This technique may reduce the inconve-
nience of the operators, and, therefore, shorten the opera-
tion time in dynamic cardiomyoplasty and other experi-
ments. Key Words: Hot-knife dissection—Latissimus
dorsi muscle—Cardiomyoplasty.
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. o FIG.1. The hot-knife (the he-

mostatic scalpel) system is
shown.

Circulatory assistance utilizing autologous skeletal
muscle is the advanced surgical therapy for patients
who have severe heart failure refractory to medical
treatment. Dynamic cardiomyoplasty (1,2) has been
the only acceptable operation for clinical cases.
Many other kinds of animal experiments about as-
sisting circulation utilizing skeletal muscle have been
reported (3-6) including aortomyoplasty, skeletal
muscle ventricle, and the skeletal muscle powered
dynamic patch. In all these methods, it is most im-
portant to optimize the muscle contractile power. In
this study, we present an innovative alternative for
dissection of the LDM using a hemostatic scalpel or
hot-knife. This scalpel has been used in pediatric (7),
breast (8), plastic (9), head and neck (10), oral (11),
nose (12), and cervical surgeries (13) but has never
been reported for skeletal muscle dissection in car-
diomyoplasty. In this study, we examined the tech-
nical feasibility of the hot-knife and evaluated the
histological findings about the latissimus dorsi
muscle, which was dissected using hot-knife dissec-
tion or conventional electrocautery.

Materials and methods

Four pigs, in which the anatomical structure of the
LDM is similar to that in humans (14), were used in
this study. All the animals received humane care in
compliance with the “Principles of Laboratory Ani-
mal Care” formulated by the National Society for
Medical Research and the “Guide for the Care and
Use of Laboratory Animals” prepared by the Insti-
tute of Laboratory Animal Resources and published
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FIG. 2. The hot-knife dissection of the latissimus dorsi muscle is
presented. ldentification of the thoracodorsal neurovascular
bundle (upper); dissection of the latissimus dorsi muscle from
the other surrounding muscles (lower).
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FIG. 3. Macroscopic (a; left) and microscopic (b; right) findings of the latissimus dorsi muscle are shown. After coagulation of the muscle
surface (a) for 5 s, the electrocautery caused remarkable carbonization and defect of the muscle tissue (upper). The muscle surface
coagulated with the hot-knife for 5 s (lower), but it was found to be preserved. Defect of the muscle tissue and disconnection of the muscle
fiber orientation (b) were observed in the microscopic specimen coagulated with the electrocautery (upper). Compared with this, those
phenomena were not observed in the specimen coagulated with the hot-knife (lower).

by the National Institutes of Health (NIH Publica-
tion No. 86-23, revised 1985).

The animals were premedicated with an intramus-
cular injection of ketamine chloride (7 mg/kg), aza-
perone (2 mg/kg), and atropine sulfate (0.05 mg/kg).
They were sedated with thiamylal (4 mg/kg), given
intravenously, and maintained with halothane. No
muscle relaxants were used. A cuffed endotracheal
tube was inserted, and the animal was ventilated
through a volume controlled respirator at a rate of
about 20 respirations per minute and a tidal volume
of about 400 ml.

Hot-knife

The hemostatic scalpel, invented by Robert Shaw,
a cardiovascular surgeon in San Francisco, Califor-
nia, is currently manufactured by Hemostatix Inc.
(Mountain View, CA, U.S.A.). The system has three
major components: an electronic controlling unit, a
reusable lightweight scalpel handle, and a disposable
Teflon-coated scalpel blade (Fig. 1). The controlling
unit uses standard electrical alternating current sup-
ply (115-120 V, 50-60 Hz) and emits a pulsed direct
current carried through a lightweight flexible cord to
the scalpel handle. The scalpel is fitted onto the
handle and can be used as a cold surgical blade or
heated to a temperature of 110-260°C. The tempera-
ture of the blade can be increased or decreased in 10

degree increments using buttons on the controller
unit or the scalpel handle. The blade temperature
can be maintained within a narrow range of variation
via sensors that send feedback to the controller unit.
The desired blade temperature can be reached in 3-6
s and can cool down to room temperature within 10
s. The blades are similar in shape and size to regular
surgical blades with a sharp steel cutting edge. The
scalpels are constructed of surgical steel for the inner
skeleton and cutting edge, followed by a layer of
copper and several rows of insulated microcircuitry.
The outer layer is Teflon, which provides a nonstick-
ing surface and uniform distribution of heat. As a
safety precaution, an audible tone is heard when the
blade is hot.

Dissection of the latissimus dorsi muscle flap

With the animal in the lateral decubitus position, a
cutaneous incision is made at the level of the lateral
border of the scapula from the axillary region to the
intersection between the iliac crest and paraverte-
bral muscles. The skin incision was performed with
the temperature set at 110°C. The subcutaneous tis-
sue was dissected with temperature settings varying
from 200 to 270°C. The large skin flap was com-
pleted, and the muscle surface was clearly seen.
Thereafter, the left latissimus dorsi muscle flap was
dissected free from the iliac crest, vertebral, inferior
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scapular angle, and lower rib attachments with the
temperature set at 270°C. The sealing of collateral
vessels was accomplished with almost the same set-
ting. The collateral vessels larger than 1.5 mm arising
intercostal arteries were ligated during dissection of
the distal part of the flap. After the flap was freed of
its distal attachments, the superior neurovascular
bundle was identified and preserved carefully,
mainly with scissors, and with the hot-knife (Fig. 2).
The latissimus dorsi humeral tendon was then sev-
ered with the hot-knife.

Histological evaluation

The surface of the latissimus dorsi muscle flap was
coagulated with the hot-knife or with conventional
electrocautery. Macroscopic and microscopic histo-
logical findings were evaluated.

Results

Hemostasis was completely accomplished during
dissection of the muscle flap. The major difference
from electrocautery was the lack of muscular and
nervous twitching throughout the hot-knife dissec-
tion. The degree of hemostasis obtained during the
incision was related to the speed with which the sur-
geon moved the blade. Long, deliberate strokes of
the skin allow hemostasis to be achieved without
overexposing the skin to heat. It was easy to dissect
subcutaneous fat tissue from the muscle surface.
There was no bleeding from the distal attachment of
the muscle flap. The hot-knife was especially useful
in dissecting the proximal muscle insertion at the
humerus because the other muscles did not twitch
(Fig. 2).

Macroscopically, the muscle surfaces coagulated
by the hot-knife were shallower than those coagu-
lated by electrocautery (Fig. 3a). Microscopic find-
ings showed that muscle fibers were much more pre-
served in hot-knife than those in electrocautery (Fig.
3b).

Discussion

We demonstrated the hot-knife dissection of the
LDM. The hot-knife was very useful and easy to
handle during the muscle flap dissection because the
muscle never twitched. Histological findings re-
vealed that hot-knife dissection was superior in pre-
serving muscle fibers.

Heart transplantation is radical therapy for pa-
tients with end-stage heart failure. This operation,
however, is limited by the shortage of donors or
complications. Since the first clinical report in 1985
(1), dynamic cardiomyoplasty has been developed as
a bridge or a substitute to heart transplantation.
There are great advantages to avoiding resection and
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other problems because autologous tissue is utilized
in this surgery. For these reasons, many experiments
have been reported about circulatory assistance uti-
lizing skeletal muscle.

The overall purpose of these studies using skeletal
muscle is to carry out the most efficient application
of muscle power. As one of the techniques to opti-
mize muscle contraction, we reported the linear ac-
tuator that could preserve collateral blood flow to
the LDM (5,6). From the histological viewpoint, we
presented hot-knife dissection of the LDM to pre-
serve muscle tissue in this study. Chachques et al. (2)
reported that the muscle flap dissection must be con-
ducted carefully, mainly with scissors; electrocautery
is used with great care and with low intensity to mini-
mize injury to the vascular supply. Hot-knife dissec-
tion could achieve complete hemostasis of collateral
vessels smaller than 1.5 mm. Handling of the hot-
knife was similiar to regular surgical blades. We be-
lieve that the technique may reduce annoyance of
the operators, and, therefore, shorten the operation
time.
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