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Purpose: To present the value of radiosurgery in oculoplastic procedures.
Methods: My experience of 3 years and approximately 1000 oculoplastic proce-

dures using radiosurgery was synthesized. The radiosurgical techniques that I have
found useful are presented.

Conclusions: Radiosurgery is an excellent surgical tool for performing oculoplas-
tic procedures because it coagulates blood vessels as it cuts through tissue. This allows
less bleeding during surgery, which translates in better visualization of the tissue
planes and a more rapid procedure.

Radiosurgery is the passage of high-frequency radio
waves through tissue for the purpose of dissection. By
using the appropriate waveform and wave frequency, the
surgeon can create skin incisions and deep tissue dissec-
tion with little destruction of the surrounding structures.
Excellent hemostasis during dissection is achieved by
using the correct waveform and proper electrode. Mini-
mal tissue destruction and good hemostasis result in
minimal swelling and bruising with excellent wound
healing.

Dr. Irving Ellman, a practicing dentist and electronic
engineer, developed the Surgitron that produced high-
frequency electrical current that would cut tissue with
minimal lateral heat and damage. In 1973, Dr. Ellman
was granted a patent on 3.8-megahertz and 4 therapeutic
waveforms. The unit was developed with solid-state
design, but there was some leakage of radio waves
resulting in frequency variation between 3.4 and 3.8
megahertz. In 1995, Ellman International used micro-
chips in designing the Surgitron Dual Frequency and was
able to produce a consistent output of 4 megahertz. This
higher frequency resulted in even less lateral heat.

The Ellman Surgitron first became popular in the field
of dentistry,1–3 and its value was later appreciated for the
removal of skin lesions.4–9 Radiosurgery is now used in
gynecology,10–12 otolaryngology,13 general practice,14,15

and veterinary medicine.16 Neurosurgeons find radiosur-
gery useful in the treatment of discogenic low back
pain,17 and dermatologists use it for the obliteration of
facial telangiectasias.18

Ophthalmologists are finding radiosurgery to be useful
in oculoplastic procedures19–24 and in retinal procedures
to drain subretinal fluid.25 I find that it replaces the knife
in most cases and facilitates my oculoplastic procedures.

PRINCIPLES OF RADIOSURGERY

The principle of radiosurgery is that a 4-megahertz
radio wave (above AM and below FM) passes through
tissue from an active electrode to a passive electrode.
The resistance of the tissues causes volatilization of the
cells at the tip of the electrode. This narrow path of cell
destruction creates a smooth incision with minimal lat-
eral cell damage.

Several factors affect the amount of lateral heat gen-
erated. By varying these parameters, the amount of
cutting and coagulation can be varied. By increasing the
diameter of the electrode, the intensity of the power and
the time the electrode is in contact with the tissues causes
more lateral heat. Both the waveform and the frequency
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of the current affect the amount of lateral heat generated.
The fully rectified filtered waveform, which is a contin-
uous wave, causes the least amount of lateral heat. By
interrupting the continuous flow to varying degrees, the
amount of lateral heat is increased. The amount of lateral
heat generated is inversely proportional to the frequency
of the signal. The advantage of this very high frequency
is that cutting and hemostasis can be produced with
much less lateral heat and tissue destruction than with
other electrical instruments that use a much lower fre-
quency.

Using hamster tongues and a machine that controlled
speed and depth of cut, Maness and his colleagues26

showed that less lateral tissue destruction occurred with
4.0 than with 2.8 or 1.7 megahertz. They also demon-
strated that the continuous waveform produced less in-
jury than the fully rectified waveform. Olivar and his
colleagues27 microscopically examined fallopian tubes
removed for tuboplasty to evaluate the amount of dam-
age received by the surrounding healthy tissue. When
comparing radiosurgery with electrocautery and several
different lasers, they found that the least amount of
lateral thermal damage was caused by radiosurgery.

The Surgitron Dual Frequency produces 4 waveforms
with a 4-megahertz frequency. These waveforms are
fully rectified filtered, fully rectified, partially rectified,
and fulguration. The unit also produces a bipolar current
at 1.7 megahertz that is used for bipolar coagulation.

To create high-frequency current, household current
(60 cycles per second) must be made to oscillate at
hundreds of thousands of cycles per second. This current
is in the form of an alternating sine wave. If only the first
half of each individual cycle of alternating is converted
in high-frequency energy, it is referred to as partially
rectified. The second half of each cycle is damped out.
The partially rectified waveform is an intermittent flow
of high-frequency current that produces more lateral heat
and is good for hemostasis. However, it can also be used
for soft tissue dissection with minimal bleeding. If both
halves of the sine wave are converted into high-fre-
quency energy, a fully rectified current is produced.
Since each individual cycle begins and returns to zero,
there is some damping, which results in some coagula-
tion. The fully rectified waveform is a full wave current
that produces cutting with some coagulation and is good
for tissue dissection other than skin. If it is used for skin
incisions, there is a higher risk of scar formation. By
using additional electronic components to filter out the
constrictions as each wave begins and ends at zero, the
fully rectified current can be converted to a continuous
current without an appreciable coagulation effect.28

This fully rectified filtered waveform produces a

smooth cut with the least amount of lateral heat and
tissue shrinkage. It is best for skin incisions (Table 1).

The fulguration waveform produces the greater
amount of lateral heat and is primarily used for tissue
destruction.29 I have not found this waveform useful in
oculoplastic surgery.

TECHNIQUE

General Principles

A smoke evacuation device should always be used to
catch the plume that is generated while dissecting or
coagulating with the uniploar or bipolar hand pieces.
Reports have indicated that the smoke byproduct from
thermal destruction of tissue by an electrosurgical unit
can contain toxic gases such as hydrogen cyanide, ben-
zene, and formaldehyde. The plume can also contain live
cellular material such as blood fragments and viruses.
The National Institute for Occupational Safety and
Health published a report stating that “Generally speak-
ing, the use of smoke evacuators is more effective than
room suction systems to control the generated smoke
from non–endoscopic laser/electric surgical proce-
dures.”30,31 (Author’s comment: I operate at several
facilities and use both room suction systems and smoke
evacuators. Smoke evacuators have a higher noise level,
but this has not caused communication problems be-
tween the surgeon and the assistants.) A very light touch
should be used because the electrode can cut through
tissue very easily and quickly. Corneal protectors are
advised for increased patient safety. Numbers and set-
tings in the following discussion refers to the Dual
Frequency Surgitron only. It is recommended that the
operating surgeon try several power settings for each
combination of electrode and waveform. The goal is to
use enough power to have the electrode slide easily
through the tissues but not to have any sparking. The
power settings mentioned in the following discussion
have been found useful by the author.

TABLE 1. Ellman settings

Wave Form Setting Activity Coagulation

Fully rectified
filtered

Cut Skin incisions Minimal

Fully rectified Cut/coag Subcutaneous dissection Moderate
Partially rectified Hemo Deep dissection and

hemostasis
Good
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Skin Incisions

Varying the waveform and the type of electrode al-
lows different maneuvers with minimal bleeding. For
eyelid crease skin incisions, the A-8 wire electrode
(0.007 inches) at a power setting of 40 on the Surgitron
Dual Frequency Unit is used. The waveform is fully
rectified filtered and is designated as “cut” on the unit.
This is the continuous wave that gives the least lateral
heat. The wounds heal the same as with a scalpel (Table
2).

The A-10 electrode is thinner (0.004 inches) and gives
even less lateral heat, but it bends easily and is, therefore,
more difficult to handle. This wire electrode is very
useful for the removal of malignant lesions in which
microscopic evaluation of the margins is required. The
setting is on “cut” with a power of 40 on the Surgitron
Dual Frequency. With this technique, pathologists find
no tissue damage that might interfere with an accurate
evaluation of the margins.

For a retroauricular skin graft, the A-8 electrode on
“cut/coag” and power of 50 gives a clean dissection, and
the wounds heal well. This is a fully rectified waveform
and gives more lateral heat than the “cut” setting but
better hemostasis. Since a small scar in this area is not of
concern, the improved hemostasis facilitates the proce-
dure.

Soft Tissue Dissection

Smooth cutting with hemostasis is the value of radio-
surgery when dissecting tissue below the skin. To obtain
the best hemostasis, the fully rectified (cut/coag) or
partially rectified (hemo) setting is used. (The words
“cut/coag” and “hemo” are the settings as written on the
base unit of the Ellman Dual Frequency Surgitron.
“Hemo” refers to hemostasis and “coag” is the abbrevi-
ation for coagulation.) The “hemo” setting gives the
better hemostasis, but if the tissue is too firm, the
“cut/coag” setting is chosen. The Empire Needle is
extremely versatile. This electrode is fully insulated
except for the tip, which is cone shaped. Cutting is best
done with the tip, but hemostasis can be obtained by
touching the side of the cone to the bleeding vessel.

Larger bleeding vessels can be coagulated with the bi-
polar forceps that use the lower frequency of 1.7 mega-
hertz.

A commonly performed oculoplastic procedure is a
blepharoplasty combined with levator advancement
through a skin incision. Once the skin incision is made
with the A-8 electrode, the rest of the dissection is done
with the Empire Needle on a hemo setting. Removal of
the skin muscle flap and exposure of the levator aponeu-
rosis and tarsus can be done with minimal bleeding. This
allows excellent visualization of the anatomic structures,
which, in turn, facilitates the dissection (Figure 1). Re-
moval of a retroauricular skin graft can be done easily
with the Empire Needle on “hemo.” If dissection is not
smooth enough with the Empire Needle on “hemo” or
“cut/coag,” the A-8 electrode on “hemo” or “cut/coag” is
chosen.

Removing the Müller muscle from underlying con-
junctiva in a transcutaneous approach for upper eyelid
retraction may be quite bloody with scissors. With the
use of the Empire Needle, the muscle can be separated
from the conjunctiva with very little bleeding. Any
bleeding that does occur can be stopped by touching the
bleeding site with the side of the Empire Needle set on
“hemo.” It is important to have the corneal protector in
place since the bleeding site may be in the conjunctiva.
Since there is so little lateral heat generated, a buttonhole
in the conjunctiva rarely appears. If one occurs, it is
repaired with a 7–0 chromic suture.

Tarsus

Radiosurgery facilitates cutting through tarsus with
minimal bleeding. To create a tarso-conjunctival flap for
use in the Hughes procedure, the A-8 electrode on

TABLE 2. Choice of electrode size

Procedure Electrode Surgitron setting

Skin incision A-10 or A-8 Cut
Biopsy A-10 Cut
Soft tissue Empire Hemo or cut/coag
Conjunctiva A-8 or Empire Hemo or cut/coag
Trichiasis Trichiasis electrode Hemo with very low power

FIG. 1. Upper lid ptosis repair with the Empire Needle. Note
minimal swelling and distortion of tissues.
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“cut/coag” is used. For removal of a tumor that needs
microscopic evaluation of the margins, the A-10 elec-
trode is used with a “cut” setting. This electrode slides
through tarsus very easily.

Removing palpebral conjunctiva to create a tarsal strip
can be relatively bloody with a scalpel. With the Empire
Needle on “hemo,” the palpebral conjunctiva and the
eyelid margin epithelium can be wiped from the tarsus
with no bleeding.

Conjunctiva

For a transconjunctival lower lid blepharoplasty, the
A-8 electrode on “cut/coag” is used to incise conjunctiva.
This same combination is excellent for removing an
ellipse of conjunctiva inferior to the punctum for correc-
tion of punctal ectropion. This is also used for cutting
conjunctiva when making a tarsoconjunctival flap in the
Hughes procedure.

Fat

Removal of fat in an upper or lower blepharoplasty is
best done with the Empire Needle on “hemo.” To keep
bleeding to an absolute minimum, the side of the Empire
Needle is used to increase the surface area touching the
tissue. By enlarging the surface area and moving the
electrode slowly, more lateral heat with better hemostasis
is obtained. For coagulation of larger vessels, the bipolar
forceps with the bipolar setting seems best. This setting
gives the lower frequency of 1.7 megahertz, and more
lateral heat is obtained.

Trichiasis

Trichiasis can be eliminated one lash at a time or by
cutting out the tissue that holds the abnormal lashes. To
remove individual cilia, the 0.004 insulated electrode is
inserted down the shaft of the eyelash. With the power at
10 or less on the Surgitron Dual Frequency and the
setting on “hemo,” the surgeon taps quickly on the foot
pedal several times. Once the follicle is killed, the lash
can be removed without any resistance.

To eliminate a group of lashes, the A-8 electrode on
“cut/coag” is used to cut away the tissue that holds the
lashes. The area is allowed to granulate. The skin is often
recessed away from the eyelid margin in this area. This
helps to prevent the skin from growing over the granu-
lated area. If the skin does grow over the surgical site, the
small skin hairs of the skin or the skin itself might touch
the cornea.

Telangiectasis

Superficial telangiectatic vessels on the eyelids and
face can be eliminated with radiosurgery. The insulated
wire that is used for trichiasis repair is touched to the skin
overlying the vessel. No anesthetic is used since the
discomfort is minimal. A cream such as 2.5% lidocaine
and 2.5% prilocaine (EMLA Cream, Astra USA, Inc.,
Westborough, Mass.) can be applied if the patient
wishes. Local injection will distort the vessels. With the
Dual Frequency Surgitron on “hemo” or “cut/coag,” the
wire electrode is touched to the skin over the vessel. The
procedure is begun with a low power of 1, which is
increased until the vessel begins to blanch. The thin,
insulated trichiasis wire is excellent for this process. The
foot pedal is tapped for a short burst of energy. The
vessel usually disappears instantly. There might be a
small epithelial defect that heals quickly, or minimal
bleeding may occur. This treatment should be continued
every 1 to 2 mm along the vessel. Repeat treatments of
some of the vessels may be necessary.

Dacryocystorhinostomy

Radiosurgery can be used in the transnasal32 or the
cutaneous approach. I prefer the external route. As with
other skin incisions, the A-8 wire on cut is used. Dissec-
tion is continued to the anterior lacrimal crest with the
Empire Needle on “hemo.” Since this is a very vascular
area, the bipolar forceps might be needed to help control
bleeding. After the osteotomy is made, anterior flaps of
lacrimal sac of nasal mucosa are fashioned with the A-8
wire on “hemo” or “cut/coag.” There is much less bleed-
ing than with a knife or scissors and better preservation
of the nasal mucosa and lacrimal sac than with an
electrocautery device.

DISCUSSION

The greatest advantage of radiosurgery is that it allows
precision dissection with excellent hemostasis. The
wounds heal as well as with a scalpel. There is much less
bleeding, resulting in less bruising during the healing
period. With less bruising, I believe there is less postop-
erative discomfort and quicker healing. However, this is
based on my observations, not a scientific study. I find
this technique much easier and quicker than with a
scalpel. The assistant does not have to hold the skin on
stretch but does have to hold the suction for the plume.
There is much less lateral heat than with electrocautery
devices, resulting in less surrounding tissue damage.

In my experience, the Dual Frequency Surgitron gives
dissecting hemostasis similar to that of a laser. However,
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skin incisions heal as quickly as incisions made with a
scalpel, and I can remove skin sutures in 5 to 6 days. I
also believe the learning curve is quicker and easier than
with a laser used for dissecting. As other specialties in
medicine appreciate the value of radiosurgery, I believe
there will be many more uses for this expanding tech-
nology.
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