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Energy options in gynecologic surgery—a topic very dear to me and very often understudied for
all of usin our basic training.

And as a signpost of today’s presentation is the review that we'll partake of fundamental
knowledge and technique. And for me, when | take fundamental knowledge and technique and
reduce it to its ingredients, it definitely leads to being safer and also contributes to efficacy and
efficiency of surgery. And for me, when | combine these 2 elements and | think about really how
they contribute to my practice and the outcome of patients, it's surgical outcome. So today is

really dedicated to improving outcome in patients.

Now, in order to hopefully communicate as best as possible with you, | want to review both new

concepts and also what | would term electrosurgery vernacular.

In order to do that, 1’d like to create a model here and build a water tower. And just think of...in
order to get the water into the tower, you have to have some sort of push or force to create that
reservoir. In electrosurgical terms, voltage is what provides that push that pushes the current
through something called resistance, which is a variable ability for something to pass through a
circuit. Obvioudly, if the resistance goes up, the aperture get smaller. Y ou have to push harder. If
you push larger amounts of current, you have to push harder. But these are the 3 elements of
electricity, and so we have current, we have resistance, and we have voltage. But . . . only when
we use a battery and a direct current do we redly call this resistance. The proper term in
electrosurgery for resistance is impedance. So for the rest of this tak, I'll be using the word
impedance instead of resistance to talk about that difficulty by which electrons pass through a

circuit. But most importantly, and fundamentally, voltage is force.



When we think about force and voltage, we think about surgery. Whether it's physical or it's
electrical, greater force is greater risk. So whatever we can do to minimize voltage is going to

minimize unpredictable behavior of thermal modalities, and it will maximize our safety in tissue.

Now what is electrosurgery? It's . . . taking something hot and burning something with it. When,
in fact, what we do is we take aternating current in very small frequencies—60 cycles per
second. And it gets plugged into an electrosurgical generator, our boga unit [3:05], as we refer to
it in slang terms in operating surgery. And that is ssimply a machine that accelerates the
frequency to very high frequency—to up to 3 million, but typicaly around 500,000 [OK?] to
700,000 cycles per second versus 60. As that current is transmitted through cells, because they
have ions in them and water, this energy is now converted to kinetic energy, because you have
alternating current that flows against the resistance. And in overcoming this resistance, you get
what's called resisted heating, or the production of heat. So in fact, as you see, you take
something that really has no temperature whatsoever, and we create temperature with it by the

nature of passing current through something of variable resistance, called resistive heating.

So the question comes up—What determines whether coagulation or cutting occurs? Does it
have to do with the salic [4:05]generator? No, in fact it has nothing to do with the generator.
Think about it. If we take tissue and we heat it up slowly, and we percolate the water out, we
coagulate or we desiccate it. If we take the same tissue and we now heat it up very rapidly, we
now create steam, and that steam is very explosive—it ruptures the cell membranes and you get
vaporization, or what's called cutting. So what's the difference between the two? The only
difference we see here on this graph is the rate at which we heat up tissue. So, in fact, we
completely moderate between cutting and coagulation, based on simply how fast or how slowly

we heat up the water in tissue. And how do we do that intuitively?

WEell, we all do it as surgeons intuitively because we manipulate energy density. And how do we
do that? Well, think of the old model. | think at least all the males here watching this presentation
remember taking a magnifying glass and taking sun and heating up different structures with the
sunlight. And we know that if it passed our hand through this part of the beam, it's actually



relatively cool. And if we now go to where we have the beam focused, we end up having a much
warmer spot. What' s the difference here? It’ s just a difference of energy density, and thisis what
we do. That'srelatively cool and that’ s relatively hot.

So now we take an electrosurgical instrument, and this instrument is universal—it’s a monopol ar
electrosurgical spoon. And we now look at . . . we have 2 possibilities with this instrument. One
possibility iswe have alarge flat surface, alarge surface area. The current density is going to be
relatively low. So what do we expect it to do? It's going to desiccate or coagulate the tissue. We
now take the same instrument. We just turn it to the edge. We now have a small surface area. We
have a much higher current density. What do you expect it to do? It's going to vaporize or cut.

So now, let’s take a look and see if that's actually true. Here we take a monopolar spoon. It
vaporizes—we're using a small surface area—and we take it and we turn it to a larger surface
areathat’sflat. It's going to simply coagulate, desiccate the tissue—no cutting whatsoever. Now
I’m going to take it and move it to the edge again, simply moderating the density of energy, and
we have a very efficient cut. Thisis the moderation of current density having nothing to do with

the generator settings.

Now, what do we need to get a cut? Well, we have to focus the energy. We have to spark. And
so, what do we need to create a spark between the electrode and the surface of tissue? We need
to create this spark with energy, and the minimum threshold for that is about 200 volts. So now,
hopefully, you ask yourself the question, Where is there 200 volts coming out of your

generator—the cutting, blend, or coag side? Well, it comes out of every side of the generator.

So we can cut and we can spark, regardless of where we are at the generator. And so we see this
video and we know that this is being created by both a blend, cut, and coag current without
difficulty whatsoever. So now, hopefully, we can ask the question, Does it matter? Do we care
where we are on the side of the generator to create this cut, since it all works that way? And let’s
take alook to seeif there’'sabasisfor caring.



So now, for the first time, 1’1l bring up the concept to you—What comes out of this box? Thisis

essentially what comes out of the box.

Y ou see on the cutting side of your generator, it's an unmodulated...called ssmply uninterrupted,
relatively low-voltage sign wave. And we start to blend and go to coag—if you notice, you have
interruption of current, and you see a dramatic rise in the voltage. And finally, on the coag side
of the generator, you see, in fact, the voltage is quite high and, in fact, the current’s off most of
thetime. It’s actually sparking.

So, look at where that voltage is. Here's the lower voltage and there's the higher voltage.
Remember, voltage is risk, voltage is force. So, we know that the coag side of our generator is
the least predictable and most thermally destructive part of the generator.

Now, let’s take a look at the cut edges of a piece of tissue. So look at the difference in the
therma margins of these cuts when you compare the cut blade form, the blend wave form, and
the coag wave form. And let me help you understand this concept of blend. So, many people
think blend means that we blend a little of this and we blend a little bit of that and we get some
sort of a mixed wave out of the generator. No. The blend refers to a blended tissue effect. And
what happens when you blend 1, blend 2, blend 3, and finally the coag, you're starting to go
from a pure cut to now a cut with more thermal margins. And notice on the coag side, you cut
very efficiently, but you have a much wider swath of destruction. And so, if you see that and you
think about it, your thermal spread or charring is much higher on the coag side. Your voltage is
higher and, of course, the adverse is true on the cut in side of your generator. So we, essentially,
as laparoscopic and also laparotomic surgeons, should learn how to live on the cutting,
uninterrupted side of our generator, where there's low voltage for virtualy everything we do.
And there are selective reasons to say, “1 would want to be on the coag side of my generator,”
and that’ s—remember—bigger voltage, bigger push. If we need a bigger push because we have
higher resistance or if we want to get more hemostasis because we' ve got wider thermal margins,
we would want to be there. So think about it. Cutting through erectus muscle, cutting through
myometrium, cutting through fat, cutting through adhesions—these are all situations where
either you want more hemostasis at the edge or you need a bigger push to cut, asin cutting fat or



cutting adhesions. So exemplary of this, let’s say you're doing total laparoscopic hysterectomy.
Y ou're going to incise the vaginal cuff off of the lower cervical tissue. And, of course, we would
want to be somewhere on the blend side, if not coag, because we' ve got to hemostase the vessels
in the vagina. So this is a perfect example. You would selectively use a certain side of your
generator to get a certain desired effect because you expect the thermal margins, in this case, to

be more vascular.

So, so far I’ ve talked to you about sparking. I’ ve said nothing about what happens when you take
an electrode and you come in contact with tissue. The ruleswill change, as you see, when you do
contact electrosurgery versus noncontact.

And think about it. Look at this slide and think about the difference in tissue effects just based on
the current density. There’s your spark. Think the same electrode, same settings, and now instead
of sparking noncontact, take that electrode and put it in contact with the tissue. Look what
happens here—you have a much lower current density. You have different thermal effects on

tissue. Y ou have much deeper, wider thermal effects, and the rules are different.

So let’s look at a cross-section of liver. Let's take a roller, sort of ball, electrode, and let’'s do
some desiccation, coagulation to the surface of the liver. There's the coag side of the generator.
There's the cutting side of the generator. Remember—high voltage, low voltage—one's highly
interrupted, the others uninterrupted. And look at the visual features that you see here. Here you
see cooked, carbonized, high-voltage, high-temperature phenomena, sticky, smoke, but look at
the penetration. Relatively minimal, because when you contact with a very high voltage, you
penetrate very superficially. On the other hand, look what happens when you use alower voltage
current, which heats the tissue more slowly. That tissue now heats more effectively and more
deeply to get a more effective burn. Is this nuance? No, it's more than nuance. If you happen to
be a surgeon who treats endometriosis with electrosurgery and you do electrosurgical ablation of
endometriosis with different types of electrodes, realizing that as a disease entity, endometriosis
is aretroperitoneal disease. Very commonly you would want to have a depth of penetration that
goes beyond the visible portion of the lesion. And you would be compelled to go to a cutting

wave form if you wanted to have very thorough, deeper penetration of tissue. So high voltage,



rapid desiccation, superficial penetration, lower voltage. Think about it—gradually cook the

tissue, more effective, more water in the tissue, and deeper penetration.

And we're reminded that, regardless of where you are and what kind of instrument you use,
there's one thing that's always against you when it comes to therma margins, and that is the
longer you're there, the more injury you produce. So that doesn’t mean that we are frenetic with
our movements, but it means that we have a certain amount of alacrity and a certain amount of
purposefulness. And we move with intent when we do surgery to minimize the chance for

prolonged thermal injury.

So to summarize, we discussed how these variables might impact thermal margins and tissues
and the behavior of electrodes. We can manipulate electrodes, which changes their surface area,
which completely changes their behavior in the context of current density. We can choose—
remember—cutting, blend, or coag waveforms and get different phenomena, different thermal
margins. Because, in fact, we're changing radically the height of the voltage, the output voltage
that we're utilizing. If we change the size of our electrode, you change the surface area, which
changes the current density. And then remember, dwell time equals thermal margins. We want to

know that we are purposeful with our surgical movements.

So using that information, | want to talk for the rest of this time about bipolar electrosurgery,
what | call the basics of bipolar electrosurgery.

Now, not to confuse anyone, but all surgery is bipolar because alternating current means that the
current aternates from one pole to the other. What's really different about bipolar versus
monopolar surgery, in the context of using that standard terminology, is the circuit. So think
about this—in what we call bipolar electrosurgery, the circuit is the tissue and the 2 tips of the
instrument or the 2 electrodes that are close to the tissue. That is the entire circuit. In monopolar
electrosurgery, you have a dispersive or return electrode . . . on the thigh, or the leg, or possibly
on the thorax, and you now have the energy going from the tip of the instrument all the way

through the patient and back to the generator to complete the circuit.



Think about the energy requirements here. On one, you just have to have energy push through a
small piece of tissue between the tips. On the other, you need energy to push all the way through
the entire patient back to the generator to complete the circuit. One is much more power
consuming. One requires a lot more voltage. Therefore, monopolar electrosurgery, on a power-
for-power basis, has much greater requirements. And whether you know it or not, when you take
your banana plugs and you plug into an electrosurgical generator—it doesn’t matter what the
manufacturer is—and you hit your blue pedal, which is standard throughout the world for the
coag output, and it's set to bipolar, it always by default will put out a pure cut current even
though you are putting a coag phenomenon in place. And that’s because, hopefully, it would
make sense that if you used very high voltage on a small little area of tissue between 2 tips of an
instrument, it literally would fuse and be dysfunctional for you in a surgica sense. So to
minimize the chance of adverse thermal effects, it's always a low-voltage cutting current that’s
set off by default by bipolar electrosurgical devices.

Now, let’s take a look at this picture and focus in on the picture on the right. And when | first
saw this picture, | really didn’t notice anything very significant until someone really educated me
and pointed out what really happens when you take a vessel of substantial size, you grasp it, and
you compress it with a conventional Kleppinger bipolar forceps. And then take a look, in fact,
how hemostasisis attained in that vessel. Well, the first thing you notice is that it’s shrunken, and
it shrinks because when you heat collagen and elastin, it’s like an accordion—it shrinks up about
40% to 50% of volume. When you heat collagen, it just shrinks up like a Slinky. So you have
shrinkage of the vessel wall. But you'll also notice there's a large proximal thrombus there. But
if you're really a careful observer—and as I’ ve said, | missed this the first time | looked at it—
the lumen is still apparent. In fact, the lumen is patent. And when we coagulate and desiccate
vessels of significant size with a Kleppinger bipolar forceps, regardiess of what your generator
settings are, you have avessdl that essentially has a patent lumen. Now, as surgeons in the pelvis,
we can get away with this because our pulse pressers in general are very low, because we're
down the vascular tree from the central pump. But you are a general surgeon, and you saw this
and you realized you have to work on vessels like the gastric artery that has significant high
systolic pulse pressures, you would realize you could not rely upon this technology, and we can



understanding looking at this, for our general surgeon colleagues really didn’t become interested
in bipolar electrosurgery until they had further assurances that it would be more effective.

Now, this dide here is a summary of what are my experiences with conventional bipolar
electrosurgery. And | think every surgeon who's watching this and is honest about their work
experiences these on a daily basis using conventional bipolar electrosurgery. |1 don’t know how
many times I’ m going to overlap. I’m not sure you do, either. On 1 pedicle, 2 pedicles, right side,
left side. We have variable numbers of compressions to attain the task. No automation, no
regulation of what we're doing. How long do | apply the energy? How long do you apply the
energy? How long do | apply the energy on the right? And then how much do | apply on the left?
And then you know and | know, we look at the thermal margins—we have spread. We don’t
have total control over our therma margins, especialy using conventional bipolar
electrosurgery. And most importantly, you're satisfied, I'm satisfied, our vessel 1ooks like arope,
it's shrunken down, it looks completely desiccated. We now take our scissors and we cut it and it
bleeds. And you have your little red dot that pulsates, and you realize that after all that work,
you’ve got to go and work on it again. So these, | think, are generic, universal problems we have

with conventional bipolar electrosurgery.

And | also ask you the question, What's the margin of safety? Yes, we know that the current
flows between the 2 jaws. No question the current goes nowhere else. There's no diversion of
current that occurs with bipolar electrosurgery. It cannot happen. But there' s something else with

bipolar that’ s problematic—and that is the production of steam and thermal effects.

So when you see this picture, you have to ask yourself the question, If the electricity just goes
from one jaw to the other, what is this white that is blooming? And all of you who have done
tubal coagulation procedures for a female sterilization have seen, on the application of energy
with Kleppinger bipolar forceps, a little puff of steam and then, all of a sudden, the whole
mesosalpinx rises and drops. And, of course, that’s the filling of the broad ligament with steam.
The steam rises, and it gets absorbed, it drops. So we create a huge plume of steam. Remember
what steam does to cells? Steam is very percussive—it explodes the cells and it spreads heat. So

it'svery destructive.



So one way we avoid making too much steam, if we're doing conventional bipolar
electrosurgery, is we never use ammeters to direct the surgical endpoint. We use ammeters to
direct the surgical endpoint for tubal coagulation because we want napalm to be delivered to the
mesosalpinx. That's the opposite of what we want, of course, when we're doing surgical
dissection of the pelvis. So if you use an ammeter to direct your endpoint in bipolar
electrosurgery, you are maximizing steam production and therefore maximizing lateral thermal

injury.

Now, we can use common-sense methods to minimize destruction from conventional bipolar
electrosurgery. And we can watch tissue, and when it becomes white and when it becomes dry
and doesn’'t emit steam any more, we can feel confident it’s ready to cut. So we use color and we
use tissue behavior to dictate when we're done, rather than to overcook tissue through fear and
anxiety that we may have a patent lumen. We can also pulse current because current can be
applied and, in between the pulses, the energy can be dissipated by the circulation of the blood,
by convection and conduction of heat. We aso can take the sides of our instrument and realize
that when you take tissue and you grasp it and you crush it, you end up having wide thermal

margins.

So look at this little bleeding pedicle after salpingo-oophorectomy. And the attack is to take a
tack from the right side contralateral and use a tamponade desiccate, no grasping of tissue. This
isan entirely different method of hemostasis than grabbing a pedicle, crushing it, and desiccating
it. So whenever we can tamponade desiccate, ailmost like a trampoline—tamponade desiccate,

tamponade desiccate—we basically have almost no thermal penetration and no thermal margins.

And, of course, both you and | get panicked when we see active bleeding. And what we must do
is we must resist this immediate desire to stop bleeding with energy. And so when we have
active bleeding, first and foremost as surgeons, we have to find out where we are and then we've
got to stop everything mechanically.



And if you see any advanced laparoscopic surgeon deal with adversity in hemostasis, you will
see every one of them grasp or put tension on a bleeder to tamponade, time out, take a breath,
find out where you are, and then, and only then proceed. And if you see there’s something
relevant that’s near, whether it's uterosacral ligament, ureter, bladder, bowel, you will mobilize
that tissue with the appropriate relaxant incisions. And then and only then do you bring in the
heat. And even then, you might be conservative and be pulsatile desiccating versus pure

desiccating.

Now, this is the background of where we've been. And | and a number of colleagues have been
talking about this, writing about this, for many years. And to our pleasure, | don’t think in
response to anything we've done, industry has come forward with amazing innovation and
research outputs that have changed the face of bipolar electrosurgery. And we' re going to discuss
afew of these evolutionary steps as they contrast to traditional bipolar electrosurgery to help you
understand what’ s available today.

We all remember a number of years ago that we had a 10-mm device that finally came out that
was like a waffle iron and we had a blade that came down. So now for the first time, we had a
multifunctional, multiple-purpose instrument to be placed on a trocar that could coagulate and
cut with a mechanical blade. Many things followed that innovation. In response to everything we
know about voltage—you remember voltage is destructive, is force; voltage is the wrong side to
be on the generator, if you can help it. These all became now relatively constant, low-voltage
devices. So the high-voltage equation has been erased from bipolar electrosurgery with use of
these devices. And for the first time, rather than a generator autonomously just delivering energy
as you push on the pedal, now the generator is talking to the tissue and the instruments all send
back information about the resistance impedance of the tissue. So now, the amount of energy
that’s created, the amount of current that’s delivered by the instrument, is completely moderated
to what's needed to desiccate the tissue, so you get more uniform effects. And as we've
advocated for pulsing, for cooling, pulsing does 2 things. Not only does it help the tissue cooal, it
also allows the generator in between pulses to register the information and now respond. So the
introduction of pulsing gives the generator a chance to communicate with the tissue. And with

this tissue cooling, you also get delivery of energy that's more uniform. And finaly, if you



remember the last point on my conventional dide, which was we're all happy, everything's
wonderful, now we cut the vessel and we've got the little red course spurting in our face. We
now have technology, that when we even get audible feedback, or we are integrated with the
device, and we get visual proprioceptive feedback and we decide to push the button, push the
blade, we in fact have reliable, consistent hemostasis. We've changed the whole equation with
the evolution of bipolar electrosurgery. So look at this vessel now. We're talking about intima-

to-intima fusion from vessel sealing.

Now, one of the pieces of these devices is that they’re all approved for vessels up to 7 mm. And
thisiswell beyond anything that you or | are going to experience and need in the pelvis.

Another nuance is when you take a blood vessel and you compress it with low energy, ie, low
voltage and high current. Y ou need to do alittle trick if you want agreat seal. And agreat sedl is
also to release your tension just a little bit on your pedicle and then to apply the energy. So we
allow that lower energy to do an intimato-intima fusion, which sometimes is physically

overcome by too much torsion or traction on your pedicle.

So you would expect to see some promises here. And the promises are, hopefully, natural and
you'll see them each time. We don’'t have tissue sticking, because that was from high-voltage
carbon. We don’t have it anymore. Overheat the tissue, get plume and smoke. Y our environment
gets muddled. Reduced thermal spread, because now we're just delivering the right amount of
energy that’s needed to attain the task. And, ultimately, we have consistent vessel sealing. Thisis
amost the adverse of that dide that | showed with the generic concerns that we have as

laparoscopic and laparotomic surgeons.

Now, one of the advents that was very important in the last several decades was an
understanding of the whole idea of tissue welding. And then, in fact, it realized that you could
use a certain amount of pressure—very, very high compressive force. If you could deliver that
with a small amount of voltage and a small amount of energy, temperatures less than 100°, for
the right amount of time you could literally transform collagen and elastin into a tissue glue that



had tremendous sustaining powers that could overcome any high or superphysiologic systolic

pressures.

So we look at this vessel, which is vessel seal. Incredible difference from the one that we saw
before. And here we see true intima-to-intima sealing. And look at the margins, the heat thermal
affects how dramatically they differ in these 2 vessels.

So | want to finish this up by talking to you about the 2 devices that are in my armamentarium,
because they’re complementary, and especialy about this new technology called ENSEAL®.
And, as | said, there’'s been an evolution of devices. But with this particular dedicated advanced
bipolar device, there are 3 unique features that, to me, are very exciting because they open up
new possibilities and new promises in the context of delivery of energy to the tissue and
regulating the thermal effect. And I'm going to tell you about each one separately. One is
basically an intrinsic control that’s in the device that actually determines the temperature at
which the tissue is heated. And we'll talk about that. And it regulates the energy delivery.
Another is a unique configuration. And | think you’re all going to be immediately excited about
this when you see this invention that was thought of by the inventor. It gives you this, for the
first time, a uniform compression from the heel to the tip of the instrument. And lastly, there'sa
jaw design with the electrodes that help keep the current from spreading laterally into the tissue

that gives you a consistent effect.

So let me try the first one with you, and it may be the most difficult to explain, but | think it's the
most interesting. As | told you, there was no way to moderate output in conventional bipolar
electrosurgery. Push your foot on the pedal, deliver the energy, and if it was a blow torch of
voltage, it was a blow torch of voltage. That's what you get with the Kleppinger. Now you use
more advanced devices. The generators are communicating with the tissue and only putting out
what it needs. Now for the first time, it’sregulated at the jaw.

So, in fact, the thermal effects in the ENSEAL device are regulated by the compositional
electrical characteristics of the jaw. And I’'ll explain to you how this is. The jaw basicaly is
plastic, and plastic is a nonconductor. And the reason that this conducts electricity is because it’'s



been impregnated with small spears of conductive particles. And these conductive particles can
control energy delivery through avery, very unique mechanism. So look at the picture on the left
and then look at the one on the right in this lower diagram. You'll notice on the left that the
particles are lined up and they’re close together. They're in the plastic, and this plastic very
comfortably is going to conduct the electricity. As the plastic heats up, the spirals, these
conductive particles are going to move farther apart. And as they move farther apart, guess what
happens? It becomes nonconductive. So if you can take this other step and readlize that the jaw is
not uniformly one temperature, there may be several hundred zones along the jaw but at different
temperatures, in fact, like thermostats, are turning on, turning off, turning on, turning off, in
response. And the end result is that you get uniform temperature because it’'s going to turn off at

approximately less than 100°C.

So look at this real-time thermography here of how literally the thermal margins intrinsically
plateau at about 100°. And that is determined by the construction of the jaw, having nothing to

do with generator output.

Now, take alook here at an animation that would help us. And so here we have your conductive
particles close together, conducting electricity. As the plastic starts to heat up, what's going to
happen to these particles? The particles are going to spread apart and, naturally, certain zones of
the jaws are going to stop. And when they then cool off, these spirals will come closer together
and they’ll start conducting again. So here we have a reconfiguration. You see 100° becomes
nonconductive. Now, of course, as they cool, they come closer together again and they’re going
to conduct again. So you have this mirror infinite number of microcircuits occurring until finally
the current is self-regulated and turns off, based on where the jaw is in impedance of the tissue.
Secondly, if you look at a Kelly clamp, a Heaney clamp, or any bipolar electrosurgical device,
and you measure the pressure, and you know this intuitively, as surgeons, pressure is greatest at
the heel and is least at the tip. We've got to change that—that’ s the physics of the device. And
unless you increase the girth of a device, as you increase the length this becomes even
dramatically more problematic. So of all the devices up to this point, you’ ve got high pressure at
the heel, lower pressure at the tip. So for vessel sealing—think about it—you want high

compressive forces—remember, low energy a certain amount of time—the tip of the instrument



in certain cases does not get sealed very well in certain devices, because we can’t get the same
compressive pressure from the heel to the tip by the physics. So the maximum compression is at
the heel of the clamp.

Now take alook at an I-Blade™, 1-Beam configuration, that now is part of the ENSEAL device,
which to me is one of the most innovative features.

So here you have a blade coming down, but it's an I-Beam, and since it's an |-beam, it pulls
across, and the pressure is absolutely the same at the tip as it is on the heel and, as a result your
seal, is going to be absolutely the same histologically whether you're looking at the heel,
midway in the clamp, or at the tip histologically, and you're going to get a uniform cut. A very

unique discipline here.

And you can see this cut, and you can see, in fact, it is highly predictable, and minimal thermal

margins.

And lastly, very interesting. And there's a background to explain this third feature.

Think about the 2 fundamental principles of electricity that can’t be changed. One is that
electricity always seeks to ground, which is the earth. We cannot change this reality. And the
other reality you cannot change in electricity is electricity is always going to follow the path of

least resistance. Y ou cannot change this.

So think about a conventional bipolar electrosurgical device. Conventional bipolar

electrosurgical devices have a positive and negative pull—this is the way they’re set up.

So look at the way the current flows. The current initially is going to flow from positive to
negative, but as the tissue heats up and gets drier, the current is going to try to seek other pathsto
make the connection of the circuit. And it moves the current more lateraly, in a progressive
fashion, until finally the resistance is so high it can’t go more laterally. But this literally tends to
push the current lateral to the jaws to complete the circuit. Electricity seeks the path of least



resistance. Now, there is an offset jaw configuration of the electrodes on the ENSEAL device
that, in fact, keeps the current within. Because if you look here carefully, you see a
positive/negative, but the positive is surrounded by negative poles. So as a result, what this does
is this isolates the current to within the material that’s between jaws and keeps it from spreading
laterally, as compared to the other portion of the device.

So to recap, | talked to you about electrode configuration, which are the conductive elements in
there, the nano spiral technology, that expand and contract and keep the temperature at about
100°. It doesn’t matter how long you' re there, it’s going to stay at that temperature. Y ou have an
|-Blade that overcomes all of the intrinsic problems we have in the context of heel versus tip
pressures on vascular and hemostatic clamps. And we have an interesting design of the
electrodes that tends to keep the current within the jaws rather than making it spread laterally to
complete the circuit through the path of least resistance. So that’s not the only device that we use
for surgery. And, of course, there are many devices that are complementary. And, for me, the
most complementary device because it’s so specifically designed for soft-tissue dissection, we're

talking dissection instrument, is the Harmonic® Ace™ device.

And, of course, the Harmonic Ace device has nothing to do with electricity, and | want to dispel

that right away. Harmonic energy has to do with mechanical energy. It's very different.

And here, we have high-frequency ultrasound in tissue creating a number of predictable events.
And the most predictable event is that it basically denatures proteins by deconfiguring them, by
breaking up the hydrogen bonds that keep their structure, and they get denatured—a very low
temperature phenomenon. And, ultimately, if you have ultrasound and tissue you form steam—
and, remember, steam is percussive, you can't take that away from steam. And steam that’s in
the tissue will start to cavitate it and it will make it fragment, and that’s what’s called cutting.
Ultrasonic energy attains cutting by cavitational fragmentation of tissue with the production of

steam from high-frequency ultrasound.

This is the anatomy of a Harmonic Ace. And we have a tissue-holding device on top, which is

plastic, nonmoving, nonthermal. And we have a blade that’s oscillating 55,500 times a cycle.



Think about how low-frequency thisis. You can use 3 million cycles per second when you're
doing ultrasound, vaginal ultrasound in the office. Thisis 55,500 times a cycle. And that’s also

why it has such thermal effects.

And you can vary how far this blade goes out per cycle. And that’s what's called your levels.
And, in fact, this has nothing to do with power; it has to do with how much your blade comes out
per cycle, which is called excursion. And, essentially, a Harmonic scalpel . . . you can see how
different settings—you know, I'll just run that through again, settings 1, 2, 3, 4, 5—affect how
far the blade comes out per cycle. And as aresult of this, since the energy that’s being produced
is being delivered in the same amount of time, whether you come out a short distance or along
distance, you can predict the following algorithm based on those excursions. In generd, if you
want to coagulate with a Harmonic ACE, you want to be in the lowest setting so the energy is
delivered over the smallest surface area, which is the smaller blade excursion. And on the other
hand, just the opposite—if you want to cut, you're obviously going to just use the opposite
algorithm, and you're going to want to have the largest surface area with the same amount of
energy, and that’s going to promote cutting. So our variable features on the Harmonic scalpel

totally relate to what we intend on doing—or not doing—with our Harmonic ACE.

Now, what's really different to me between ultrasonic energy and therma energy from
electrosurgery is the volumetric spread of energy. So let’s take a look at the Harmonic scalpel.
Remember, it’s an ultrasound, it’s a blade that’ s oscillating 55,500 times a second. Where' s most
of the energy? It’s at the tip of the instrument, in fact, and the most active portion of a Harmonic
scalpel is at the tip of the blade because it is linearly propagating. As aresult, the lateral margins
are that much smaller because you don’t have the propagation of energy in an ellipsoid 3-
dimensional fashion as you do with electrosurgery. It also makes your thermal margins much

more predictable.

And so, of course, what we do is we make sure, as | told you, low-energy devices—we' re getting
back to that central principle—low-energy devices get the best hemostasis based on our vessel
compression. You want to release tension. So when you do the Harmonic ACE for vessels, you

grasp, you release tension, you then desiccate. And then, after you see the visua signs of



desiccation—which, of course, is a plume of steam—you now will wait, let the cutter curve, and
then you will remove. And you always remove in a linear fashion in the same track that you

applied your device.

So | want to finish up and thank you for being here today. | hope that was helpful for all who
might want to know more about electrosurgery, ultrasonic energy, to remind you and myself that
it really has nothing to do with the wand, and it has to do with the mirror and my understanding
of fundamentals of electricity and ultrasonic. And it’s really up to you, it's not up to the wand.
And I'd be more than happy to take any questions or comments from anybody here who's been
nice enough to listen to today’ s talk. Okay, thank you very much.



