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Abstract
The ultrasonically activated device harmonic scalpel is often used for dissection of the uterine cervix during laparoscopic surgery. To evaluate thermal damage of harmonic scalpel during laparoscopic hysterectomy, cervical margin tissues were immunohistochemically examined for CD31 antigen in the vessel structures. CD31 antigen was detected more in vessel structures
in tissues dissected with the harmonic scalpel than with monopolar electrodes. We considered that harmonic scalpel is a safe
surgical device with minimal thermal damage to tissues surrounding the uterine cervix at laparoscopic hysterectomy.
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Introduction
The ultrasonically activated harmonic scalpel is evaluated as a
safe device in laparoscopic surgery, and looks to result in rapid hemostasis and minimal thermal damage to surrounding
tissues [1]. Use of monopolar electrosurgical instruments is
accompanied by elevation of the surrounding tissue temperature to >200°C. With the harmonic scalpel, tissue temperature
remains below 80°C for the first 8 s of tissue contact with the
scalpel, although longer contact time increases tissue temperature up to 150°C [2]. High power settings make the blade

vibrate wider, and the required cutting time can be shortened,
with less thermal damage. The harmonic scalpel has been used
in laparoscopic hysterectomy as a cutting device between the
cervix and vaginal fornix. Hemostasis at the cutting edge is required only for a short time before suturing. For wound healing, vessels remaining in the surrounding tissues play an important role in the microcirculation. We studied the histology
of vessels in remaining in tissue at the cutting edge of the uterine cervix during total laparoscopic hysterectomy, to establish
the minimal thermal damage to the remaining parametrial and
vaginal tissues.
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Methods
Immunohistochemistry: The cervical tissues dissected with
the harmonic scalpel in patients who underwent laparoscopic hysterectomy and those dissected with monopolar electrosurgical electrodes in patients who underwent laparotomic
hysterectomy for uterine myoma at Izumi Municipal Hospital
were used. These tissues were fixed overnight in neutral buffered 3% formaldehyde, embedded in paraffin, cut into 4-μm
sections, and mounted on slides for hematoxylin and eosin
staining (H&E), and for immunohistochemical study with anti-human CD31 rabbit polyclonal antibody (AnaSpec, Fremont,
CA, USA). The tissue sections were autoclaved at 110°C for
10 min in 10 mM citrate buffer (pH 6.0) to expose antigens.
After inactivation of endogenous peroxidase by immersing
in 3% hydrogen peroxide for 10 min and washing with phosphate-buffered saline (PBS), 5% goat serum in PBS (blocking
buffer) was added to the tissue sections. The tissue sections
were reacted at 4°C overnight in 50-fold diluted anti-human
CD31 rabbit polyclonal antibody in blocking buffer, washed
with 0.1% Tween 20 in PBS, and reacted with anti-rabbit IgG
antibody. Immune complexes were visualized with 3,3’-diaminobenzidine as a chromogen using an EnVision kit (Dako,
Glostrup, Denmark).

Results

Tissues dissected with harmonic scalpel: In the cervical tissues dissected, the tissues in 1 mm from the cutting edge were
slightly deeply eosin-stained. However, the structure of the
vessels was not disrupted even at under 1 mm from the cutting
edge (Fig. 1A–C) and the vessels were positive for CD31 (Fig.
1a–c), even near the cutting edge.

Figure 1. Photomicrographs of the cutting edge of the uterine cervix
dissected with the harmonic scalpel in three patients who underwent
laparoscopic hysterectomy. H&E-stained tissues at 40x magnification
(A, B, C: from each patient), and tissues stained immunohistochemically with anti-CD31 rabbit polyclonal antibody (a, b, c: respectively
from each patient). Yellow bars show 1 mm in length.

Figure 2. Photomicrographs of the cutting edge of the uterine cervix
dissected with monopolar electrosurgical electrodes in two patients
who underwent laparotomic hysterectomy. H&E-stained tissues at
40x magnification (A, B: from each patient), and tissues stained immunohistochemically with anti-CD31 rabbit polyclonal antibody (a, b:
respectively from each patient). Yellow bars show 1 mm length, and
arrowheads indicate vessels.

Tissues dissected with monopolar electrode: In the cervical
tissues dissected with monopolar electrosurgical electrodes
(Fig. 2A, B), the tissues at under <0.3 mm from the cutting
edge were deeply eosin-stained, and vessels in the tissue at
0-2 mm from the cutting edge were negative for CD31 (Fig. 2a,
b). These tissues stained with H&E showed coagulation-necrosis-like findings with distorted nuclei or anuclear masses (Fig.
2A, B). The structure of the vessel walls was destroyed or invisible and the nearest portion of the cutting edge was coagulated
or likely evaporated.

Discussion

Care should be taken to avoid ureter injury when parametrial
tissues and the vaginal wall are dissected from the uterine cervix with the harmonic scalpel of which lateral thermal effect
is not always small as with other electrosurgical instruments
[3,4]. However, the thermal effects of the harmonic scalpel are
time dependent, and the temperature can remain below 80°C
for parametrial and vaginal wall dissection when the power of
the instrument and tissue contact time are set properly.
In the present study, CD31-positive endothelial cells remained
in the cervical tissues dissected with the harmonic scalpel,
but these cells seemed to be destroyed in cervical tissues dis-
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sected with monopolar electrodes. The cervical tissues were
heated at 110°C for 10 min for immunohistochemistry in this
study, non-formalin-fixed tissues are more susceptible to thermal damage during surgery. We considered that the different
effects of cutting device reflect the different thermal damage
on tissues surrounding the uterine cervix. Neovascularization
occurs in the remaining vessels [5]. The greater number of
CD31-positive endothelial cells in vessels neighboring cutting
edge of harmonic scalpelsuggests more neovascularization at
the wound healing site [6, 7].
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