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MONITORING UNIT AND HIGH-FREQUENCY SURGERY SYSTEM HAVING SUCH
A MONITORING UNIT

DESCRIPTION

The present invention relates to a monitoring unit adapted for monitoring a patient dur-
ing operation of a high-frequency surgery apparatus and to a high-frequency surgery

system having such a monitoring unit.

High-frequency surgery (short: HF surgery) has become a dominant type of electrosur-
gery. It comprises using electrical energy (as assistance) for effecting a (specific) ther-
mally induced change and/or destruction of tissue cells in order to achieve what is
known as hemostasis (stopping bleeding), a separation of tissue and/or a sealing of tis-
sue (coagulation). High-frequency alternating current (for example, 0.3 MHz to 4MHz)
is conducted into the tissue to be treated via electrodes (or applicators). In the tissue, a
thermal tissue interaction occurs due to an electrical tissue resistance present in the

tissue which thermal tissue interaction will be explained in further detail below.

A substantial advantage of separating tissue using high-frequency surgery compared to
conventional surgical cutting techniques, for example by means of scalpel or scissors,
is that a bleeding can be stopped at the same time as the cut by sealing the affected
blood vessels. Other advantages of HF surgery technology include, but are not limited
to, prevention of a transmission of germs, mechanical tissue conservation and the pos-

sibility for endoscopic use.

Based on the advantages for the patient and the surgeon and the steadily increasing
demand from different medical fields, the need for HF surgical technologies and their
continued development is in the focus of medical technology and establishes an indis-

putably versatile commercial applicability for this technology.

From an electrotechnical point of view, what is known as electric current density (physi-
cal unit: ampere per cm?) can be assigned a key role in HF surgery technology, the
electric current density colloquially characterizing how densely packed an electric cur-

rent flows. For example, electric current density also characterizes the load of an elec-
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trical conductor (in the case of HF surgery represented by animal tissue or human tis-
sue) caused by an (alternating) electric current. Electric current density is defined as

the ratio of current intensity / to a cross-sectional area A available to the current.

In HF surgery, a (desired) cutting and/or coagulation effect (coagulation = precipitation,
flocculation or clotting of a substance) can only be achieved for the treated tissue if the
electric current density in the tissue section treated by means of the high-frequency
technology is large enough (usually between 1 ampere per cm?to 6 ampere per cm?).
The electric current density is inversely proportional to the square of a distancer from
the application center (J ~ 1/r?). On the contrary, assuming homogeneous tissue prop-
erties, a (measurable) temperature increase decreases according to the fourth power

of the distancer from the application center (AT ~ 1/r4).

When cutting tissue by means of high-frequency alternating current, locally restricted
high electric current densities can be generated in the tissue (section) to be cut, prefer-
ably via small-area knife-shaped or needle-shaped electrodes. The tissue treated using
the high-frequency alternating current heats up to over 100 °C in a flash so that a re-
sulting steam pressure explosively ruptures the cell membranes of the tissue cells. The
produced electrically insulating steam between the electrode and the tissue thus pre-
vents unimpeded ohmic current flow into the tissue so that a voltage (so-called cutting
voltage) builds up between the electrode and the tissue, through which a spark for-
mation between the electrode and the tissue is produced. A further energy input takes
place via sparks. Extremely high energy densities occur in the roots of the sparks,
which are only a few um in size (rr = 10um to 20um), under the influence of which the
involved tissue cells evaporate. It does not matter whether the process takes place
openly under environmental conditions, in a protective atmosphere or in an electrically

non-conductive liquid.

The effect of an HF current in the treated tissue is mainly determined by its exposure
time, voltage level and the degree of amplitude modulation. The frequency (0.3MHz to
5MHz), on the other hand, is not a decisive factor. An important characteristic variable
is what is known as the crest factor (or crest). It describes the ratio of peak value (crest
value) to RMS value of an alternating electrical quantity and gives an indication of how
strongly a current is modulated in its amplitude. For example, a sinusoidal alternating

voltage with an RMS value (Ueff) of 230 Veff (mains voltage) has a peak value (Up) of
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approx. 325 Vp so that the crest factor (CF) is 1.41 (v2) in this case. Accordingly, at

constant output power, the output voltage must also be greater for a current with a high

crest factor.

The core part of HF surgery technology is what is known as a high-frequency genera-
tor, although the underlying technology has improved steadily over the past decades
driven by manifold microprocessor and control technology developments. In modern
high-frequency generators, a mains currents supplied to the generator is converted to a
high-frequency current (necessary for HF surgery). Driven by safety-related standardi-
zation and technical advancements (e.g., by standardization (IEC 60601-2-2)), the
high-frequency output power of HF surgical equipment is continuously reduced, and is
limited to an upper limit of 400 W. Furthermore, IEC 60601-2-2 recommends using op-

erating frequencies above 300 kHz and below 5 MHz.

In the wake of safety-motivated standardization, modern high frequency generators
continue to feature a majority of internal monitoring devices, such as dispersive elec-
trode monitoring, overdose protection circulits, visual and audible activation indicators,
and what is known as HF leakage current compensation, whereby a higher degree of

safety for the patient and the surgeon can be guaranteed during use.

Despite the advantages described above and continuous (safety-related) technical de-
velopments, the problem of (sometimes severe) burns and/or chemical burns of the pa-
tient in tissue areas that are often at a distance from the actual application center of the
HF surgery apparatus (i.e., the operating environment), for example, on the feet,
hands, parts of the upper and lower back, etc., still exists in HF surgery applications.
These burns and/or chemical burns (in case of additional interaction with disinfectant)
can be attributed to side effects of an energy input of a high-frequency electrical energy

in the tissue of the patient, which will be described in more detail below.

A potential “source” for unwanted burns and/or chemical burns is often improper han-
dling of the pre-surgical preparation of the patient, e.g., improper positioning (or place-
ment) of the patient on an operating table or chair. Although attempts are made to

counteract this incorrect operation or incorrect handling (human error) by defining and
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standardizing a large number of safety-relevant rules of application, which may be suc-
cessful depending on the operating environment, the occurrence of burns and chemical

burns to the patient is not completely prevented.

Unwanted patient injuries on tissue sections not involved in the surgery often cause in-
demnity claims (for example, in the form of compensation for personal suffering and the
reimbursement of medical expenses) afterwards, in some cases to a not inconsiderable
extent, which must be cushioned or compensated for by the hospital operator by taking
out an appropriate insurance cover (and the associated additional expenses) or by rais-

ing equity capital.

The physical cause of burns or chemical burns on tissue parts, which are often at a dis-
tance from the actual surgical procedure, can be attributed, for example, to a patient's
position that is not completely electrically insulated and the associated unwanted and
uncontrolled discharge of currents (along the path of least resistance). Furthermore, in
the event of (accidental) contact between a part of the patient's tissue (e.g., a foot) and
equipment (tubes, etc.) in the patient's periphery, an unanticipated conductivity bridge
may be created through which the current introduced by the HF surgery apparatus can
be (additionally) discharged. These conductivity bridges can also occur on materials
which are electrically insulating in the low frequency range and are usually due to ca-
pacitive coupling effects. Thus, for example, the user (surgeon) expects a plastic hose
to have an electrically insulating effect, although the same plastic hose is electrically

conductive when it comes into contact with high-frequency electrical energy.

The degree of occurrence of unwanted burns and/or chemical burns of the patient also
differs depending on the HF technology used, with a distinction being made between
monopolar and bipolar application. For further information, reference is made to
Kramme, Radiger, ed. Medizintechnik: Verfahren-Systeme-Informationsverarbeitung
[EN: Medical engineering: methods — systems — information processing]. Springer-Ver-
lag, 2016, Chapter 32.

Monopolar HF surgery technology features an active electrode and a dispersive sur-
face electrode, which are each connected to the HF generator. On the active electrode,
the physical effects (cutting, coagulating) required for HF surgery are generated. The

dispersive electrode, which is larger compared to the active electrode, is placed on a
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thigh or upper arm of the patient, for example. A contact area between the dispersive
electrode and the skin (surface) of the patient is preferably as large as possible in this
case (= electric current density as low as possible). The high-frequency alternating cur-
rent introduced by the active electrode is ideally fully discharged via the neutral elec-
trode. However, the rest of the patient’s body is ideally stored so as to be electrically

insulated.

With bipolar HF surgery technology, on the other hand, both the active and the disper-
sive electrode are integrated in one instrument, for example bipolar forceps with insu-
lated branches. With this technology, the high-frequency alternating current flows into
the tissue via the active electrode and back to the HF generator via the dispersive elec-
trode. This means that the alternating current flows in a narrowly circumscribed tissue
area between the two electrode tips, which is why the bipolar technology ensures a
higher degree of safety compared to the monopolar technology, especially for delicate
neurological dissections. Additionally, compared to the monopolar technology, the risk
of unwanted burns and/or chemical burns on the patient, for example because of
touching conductive items during surgery, is rather low, but not excluded. Further state
of the art can be found in US 2008 / 0 281 309 A1, DE 10 2018 114 482 A1,

US 8 864 756 B2, US 2009/ 0 234 352 A1 and US 7 837 680 B2.

In light of the foregoing, it is an object of the present invention to provide a monitoring
technology by means of which a number of unwanted burns and/or chemical burns on

tissue areas which are not involved in the actual surgical procedure can be decreased.

An object not claimed here can be attained by a monitoring unit adapted for monitoring
a patient during operation of a high-frequency surgery apparatus. The high-frequency
surgery apparatus is configured to separate and/or coagulate biological tissue (of the
patient) by means of electrical high-frequency energy. The monitoring unit comprises
sensing electrodes which are disposed in a periphery of the patient and an evaluation
and control unit adapted for impressing a predetermined alternating voltage for meas-
uring purposes or a predetermined alternating current for measuring purposes into the
sensing electrodes and measuring an impedance which decreases between the sens-
ing electrodes and monitoring a chronological sequence of the impedance and/or a

temporal change thereof. Preferably, the evaluation and control unit is adapted for gen-
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erating an alarm signal when a relative change in impedance in the chronological se-
quence of the impedance falls below or exceeds a predetermined first threshold and/or

when the impedance falls below a predetermined second threshold.

The monitoring unit is advantageous in that by means of the impedance measurement
and monitoring the periphery of the patient, they can be protected from unwanted burns
and/or chemical burns (produced for example because of uncontrolled discharge cur-
rents and/or leakage currents) on tissue parts (for example on a foot, a hand and/or on

parts of the patient’s back) which are not actually involved in the surgical procedure.

The impedance measurement allows a prediction of an impending burn and/or chemi-
cal burn, so to speak, which can be pointed out by generating the alarm signal so that,
for example, the surgeon or ancillary staff can intervene manually. Alternatively or addi-
tionally, the high-frequency surgery apparatus can be shut off in a controlled manner by

means of the evaluation and control unit or by means of a high-frequency generator.

The high-frequency surgery apparatus preferably comprises an active electrode and a
dispersive electrode, wherein at least the active electrode is connected to a preferably
available high-frequency generator. The active electrode is configured to separate
and/or coagulate biological tissue by means of the electrical high-frequency energy,
and the dispersive electrode is adapted for discharging the electrical high-frequency
energy from the biological tissue. Preferably, the dispersive electrode is also connected

to the high-frequency generator.

An uncontrolled high-frequency current flow via a tissue section or a tissue part in the
periphery of the surgical zone can be produced, for example, by an improper position-
ing of the patient on the surgical table. For example, by an (accidental) contact of surgi-
cal equipment which is conductive in the high-frequency range (breathing hose or aspi-
rator hose, parts of the operating table), what is known as a conductivity bridge can be
caused, via which the introduced alternating current introduced via the active electrode
can flow off at least partly or (in the worst case) fully. Ideally, the cutting current intro-
duced via the active electrode should flow off solely via the dispersive electrode. By
means of the impedance measurement , these conductivity bridges can be detected

practically in real time.
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The wording “in a periphery of the patient” means that the sensing electrodes (prefera-
bly a plurality of sensing electrodes, but at least more than one sensing electrode) are
disposed in the immediate and/or indirect surroundings of the center of the operation
and/or on or around the patient. In other words, this means that the sensing electrodes
can be disposed on a surgical table on which the patient is positioned during the sur-
gery, for example so as to be distributed (regularly) over a contact surface (preferably

entirely).

Alternatively or additionally, the sensing electrodes can be disposed on surgical equip-
ment (breathing hoses and aspirator hoses, wiring, etc.) in the periphery of the patient.
Preferably, the sensing electrodes are disposed on surfaces which are in direct contact
with a body part or the skin of the patient (for example the back area by directly posi-
tioning it on the operating table) and/or which can potentially come into contact with a
tissue section (or a body part) of the patient (for example, in case of an improper posi-
tioning, the hand of the patient sliding off the operating table and the hand subse-

quently coming into contact with a breathing hose, for example).

Additionally, situations may arise in which electrically conductive (bodily) fluid(s) (blood,
excrements, etc.) leak out uncontrolledly and, when they come into contact with mate-
rial surfaces, such as the surgical table or operating table, abruptly increase the con-
ductivity between these materials and the skin lying on them, thus creating conductivity

bridges at these points.

If there is an unexpected or uncontrolled current flow over a conductivity bridge, an im-
pedance measured on the sensing electrodes in a passive state (i.e., when current is
discharged fully via the dispersive electrode without a current flow over an additional
conductivity bridge) abruptly decreases (impedance |Z| = Uer / lerr). If the relative
change of the impedance exceeds or falls below the predetermined first threshold
(which has been determined by means of a plurality of test measurements, for exam-
ple) and/or if the impedance falls below a predetermined second threshold (for exam-
ple, an impedance so low that an immediate burn of the respective tissue must be ex-
pected), in the measured curve of the impedance, the alarm signal is preferably gener-
ated and/or the evaluation and control unit causes the high-frequency surgery appa-

ratus to shut off.
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The wording “relative change of the impedance” means a respective gradient (increase
or decrease) of the impedance over time. The evaluation and control unit is adapted for
determining the gradient from the time curve of the impedance (Vf=6Z/ ét, with Z =

impedance [Q2] and t = time [s]).

Preferably, the sensing electrodes are configured such that they jointly act as the dis-

persive electrodes.

In the present case, “alternating voltage for measuring purposes” or “alternating current
for measuring purposes” means the current or the voltage introduced to the sensing
electrodes for impedance measurement. Between the sensing electrodes, a preferably
continuous impedance measurement can be carried out, i.e., for example, an alternat-
ing current for measuring purposes is impressed and a voltage is measured or an alter-
nating voltage for measuring purposes is impressed and a corresponding current is
measured. If the impedance between two sensing electrodes each either decreases
considerably (6Z/ot) (first limit value) or decreases to below a threshold (second limit
value), this suggests a leakage of conductive fluids or that an electroconductive object

touches a skin area and permits a response, for example.

It should also be mentioned that the variety of different types of tissue (including mus-
cle, fat, etc.) and their conditions (bleeding, dry, close or loose electrode contact, etc.)
to which a high-frequency (cutting) current is applied or over which a high-frequency

current is discharged represent a broad impedance spectrum (approx. 50 Q - 1000 Q).

The impedance measurement by means of the sensing electrodes is fundamentally dif-
ferentiated, in particular, from existing safety devices, such as dispersive electrode
monitoring, overdose protection circuits, optical and acoustic activation indicators and
HF leakage current compensation, all of which may be integrated in a high-frequency
generator. The differentiation is based in particular in the fact that the monitoring device
is preferably decoupled from the safety concepts of the high-frequency generator as an
independent or separate monitoring and/or safety unit. In this way, potential danger
spots for looming burns can be identified over the entire contact surface of the patient's
body and eliminated at an early stage, e.g., by means of an alarm signal. This means

that faults caused by human error can also be monitored, which is not possible or only
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possible to a limited extent with the safety systems integrated in the high-frequency

generator.

Another unclaimed object of the task can be attained by a monitoring unit which is
adapted for monitoring a patient during operation of a high-frequency surgery appa-
ratus, wherein the high-frequency surgery apparatus is adapted for separating and/or
coagulating biological tissue (of the patient) by means of high-frequency energy. This
monitoring unit comprises measuring sensors and an evaluation and control unit,
wherein the measuring sensors are adapted for detecting a parameter which is pro-
duced during the separation and/or coagulation of the biological tissue because of the
high-frequency energy. Preferably, the evaluation and control unit is adapted for gener-

ating an alarm signal based on the parameter.

In this object, the measurement or the detection of an unintended and/or uncontrolled
current flow over a part of the patient's body, some of which may cause severe burns
and/or chemical burns, is performed using measuring sensors, i.e., not directly by
measuring impedance values. Rather, it is possible to also monitor looming burns
and/or chemical burns by means of further technical procedures, if possible for the en-
tire body surface of the patient, and to detect looming burns at an early stage. Depend-
ing on the physical measuring principle (e.g., via a temperature measuring sensor,
etc.), the evaluation and control unit records a parameter on the basis of which it is
possible to indirectly conclude that an unwanted current is flowing through a part of the

patient's body.

Furthermore, the object is attained by a high-frequency surgery system which com-
prises a high-frequency generator which is adapted for generating a high-frequency en-
ergy. Furthermore, the system comprises a high-frequency surgery apparatus having
an active electrode and a dispersive electrode, wherein at least the active electrode is
connected to the high-frequency generator. The active electrode is configured to sepa-
rate and/or coagulate biological tissue by means of the electrical high-frequency energy
and the dispersive electrode is adapted for discharging the electrical high-frequency
energy from the biological tissue. Furthermore, the high-frequency surgery system

comprises an embodiment of the monitoring unit according to the invention.
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Furthermore , it is advantageous to couple the monitoring unit with one or several opti-
cal sensors (e.g., cameras), for example, in order to obtain a live image of the surgery
process. The (3D) images captured by the camera(s) can preferably be overlaid with
the measured quantities (impedance or parameter) in such a way that a visual localiza-
tion of the unwanted current flow or the location where an (additional) current bridge

occurs is possible by means of a display, for example.

An advantage of the first and second aspect is that a simple retrofit is possible so that
all existing systems can be retrofitted regarding their safety technology. It is also ad-
vantageous that a significantly higher level of safety for the surgeon and in particular
for the patient can be achieved by the monitoring system . Misconduct or a disregard of
regulations during the preparation of the surgery, e.g., with the positioning of the pa-
tient, can thus be at least partially compensated for by the monitoring unit . This results
in fewer burns and a reduction in the burden on insurers, and thus in direct and indirect

cost savings.

The high-frequency surgery apparatus is preferably a high-frequency electric scalpel.
The high-frequency surgery apparatus can have a monopolar or bipolar design. Fur-
thermore, the high-frequency surgery apparatus can generally be a device which ap-

plies high-frequency electrical energy for surgical purposes.

In an embodiment, the sensing electrodes are disposed on several components in the
periphery of the patient so that the evaluation and control unit is adapted for identifying

a spatial impedance distribution in the periphery of the patient.

An advantage of this embodiment is that preferably all equipment located in the vicinity
of the patient or the patient's body can be monitored for the potential formation of a

conductivity bridge or current bridge. Thus, it is possible to indirectly monitor preferably
all the patient's body parts that are susceptible to burns by taking impedance measure-

ments on preferably all the components in the surgical area.

In another embodiment, the monitoring unit further comprises a display and the evalua-
tion and control unit is adapted for displaying the preferred alarm signal on the display,

in the form of a spatial position and location of a place in the periphery of the patient, at
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which point the values exceed or fall below the first threshold and/or the values fall be-

low the second threshold.

This embodiment is advantageous in that it allows the surgeon or ancillary staff to lo-
cate as accurately as possible the location of the uncontrolled current leakage that
does not happen via the dispersive electrode provided for this purpose. Thus, a tar-
geted intervention is possible and a looming burn can be prevented or at least stopped
at an early stage so that collateral damage to the affected skin tissue can be pre-

vented.

In another embodiment, the evaluation and control unit is furthermore adapted for shut-
ting off the high-frequency surgery apparatus when the value exceeds or falls below

the first threshold and/or when the value falls below the second threshold.

This embodiment is advantageous in that the surgeon or ancillary staff is/are not re-
quired to intervene manually if an additional conductivity bridge is detected, but in-
stead, the high-frequency surgery apparatus is shut of automatically in order to prevent
burns. A shut-off causes the current flow through the active electrode and thus the in-
troduction of high-frequency electrical energy to stop abruptly so that burns do not oc-

cur.

It should be mentioned that the mechanism for shutting off can preferably be shut off
manually, as situations can repeatedly arise, in particular during emergency operations,
in which electroconductive (bodily) fluid(s) (blood, excrements, etc.) can leak out un-
controlledly and, when they come into contact with material surfaces, such as the surgi-
cal table or operating table, abruptly increase the conductivity between these materials
and the skin lying on them, thus generating conductivity bridges. Despite the fact that
this causes unwanted burns, in these exceptional situations it is more crucial to ensure
an operation of the high-frequency surgery apparatus because of the acute danger to

human life.

In another embodiment, the sensing electrodes form a pattern of surface electrodes

which are spatially distributed, adjacent and preferably electrically insulated from each
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other and the evaluation and control unit is adapted for measuring the impedance be-

tween two adjacent surface electrodes.

This embodiment is advantageous in that it is possible to localize (as accurately as
possible) the area where a conductivity bridge has occurred and, for example, mark it
on a screen (for example, a 3D image of the surgical table or operating table, on which
the corresponding areas are each marked with a cloud of red dots). Alternatively or ad-
ditionally, an acoustic alarm and/or an interruption of the HF operating apparatus can

take place simultaneously, for example.

In another embodiment, the sensing electrodes are realized in the form of an interdigi-

tal structure.

Exemplary interdigital structures can be taken from the following scientific literature, for
example Fig. 2 from Tsai, Chiu, Chou (2015). Optimal Design of SAW Gas Sensing
Device by Using Improved Adaptive Neuro-Fuzzy Inference System. IEEE Access, is-
sue 3, p. 420-429.

Interdigital structures have finger-like structures. These structures are also referred to
as interdigital electrodes and engage into each other in the manner of a comb without

touching each other. The finger-like structures are made of a metal, for example.

In another embodiment, the predetermined alternating voltage for measuring purposes
or the predetermined alternating current for measuring purposes has a frequency of
1kHz to 10 kHz and/or does not correspond to a frequency by means of which the

high-frequency surgery apparatus is operated.

Thus, the measuring frequency is preferably AC and particularly preferably not a fre-
quency component of the cutting current which is fed into the active electrode. This is
advantageous for the signal-to-noise ratio and allows for a simplified, interference-free
analysis or evaluation of the measuring impedance. The preferred frequency of 1 kHz

to 10kHz allows for a simplified detection of “leakages”.
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However, it should be mentioned that it is generally also possible to select frequencies
which are at least close to the frequency of the cutting current. In this case, however,
an appropriate noise filtering or synchronous demodulation (for example, as hetero-
dyne detection and preferably as homodyne detection) should be performed by means

of which measurement signal interferences are filtered out.

In another embodiment, the sensing electrodes are disposed such that they are in elec-

troconductive contact with one or several body locations and/or clothing of the patient.

An advantage of this embodiment is that, because of the electroconductive contact, the
impedance measured between the sensing electrodes already includes the electrical
resistance of the one or several body locations, and thus, in the case of looming burns,
e.g., when a leakage of fluids suddenly occurs during surgery, a changing conductivity
of the skin can be determined indirectly via the falling impedance. Preferably, the sens-
ing electrodes are in direct contact with the skin surface on the operating table. Alterna-
tively, the sensing electrodes can also be in contact with clothing worn by the patient
during the surgery. Such a garment, for example a surgical gown, can absorb moisture
in the event of an unexpected leakage of (bodily) fluid or disinfectant, even becoming

soaked, causing a sudden impedance drop.

In another embodiment, the sensing electrodes are adhesively connected to one or

several body locations of the patient so as to conduct electricity.

It is an advantage of this embodiment that a direct contact between the skin surface
and the sensing electrodes is thus ensured. This increases the quality of the imped-
ance measurement because interference signals (for example because of air gaps) are

avoided.

In another embodiment, a number of sensing electrodes is at least larger than a num-

ber of the one or several body location(s) of the patient to be monitored.

An advantage of this embodiment is the possibility of a more exact or more precise lo-
calization, a correction of error signals and also a redundancy, for cases where several

of the sensing electrodes are in poor contact with the patient.
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In another embodiment, the sensing electrodes are disposed on a surface of a patient

table or integrated in the surface of the patient table.

For example, the sensing electrodes can be disposed directly on the surface of the op-
erating table or even be integrated in the surface. Alternatively, the sensing electrodes
are also integrated in a net-like cover which can be pulled over the operating table be-
fore surgery. Furthermore, it is possible that the sensing electrodes are disposed in a
hose-like net cover, for example, which can be pulled over each of the breathing hoses
and/or the aspirator hoses. The patient table can be an operating chair or an operating

table, for example.

This embodiment is advantageous in that a direct contact between the sensing elec-

trodes and the skin surface of the patient can be ensured.

In another embodiment, the sensing electrodes are incorporated in a removable cover

of a patient table or a mat.

An advantage of this embodiment is the simple retrofit for existing systems because the
operating table can simply be covered with the cover of the patient table in which the
sensing electrodes or measuring sensors are disposed. In addition, the cover can be

cleaned easily. For example, the cover can be made of a fabric and/or a plastic material.

The term "incorporated" means that the sensing electrodes or measuring sensors are
preferably woven, sewn, bonded, glued or otherwise fastened in the cover. Preferably,
the cover should be designed with the patient's comfort in mind so as to avoid bruising

or pressure points, especially during operations lasting several hours.

In another embodiment, the sensing electrodes each have electroconductive threads

which are preferably woven into the cover.

An advantage of this embodiment is the simplicity of its execution. For example, a fab-
ric in which metallic threads are woven in at a distance to one another can be used as

a cover, with each of the metallic threads then acting as a sensing electrode and the
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impedance measurement in each case being carried out between two threads which do

not necessarily have to be adjacent.

In another embodiment, the sensing electrodes are metrologically differentially con-
nected in series or in parallel or inductively or capacitively coupled to each other and,
preferably in their entirety, serve as a dispersive electrode of the high-frequency sur-
gery apparatus which discharges the electrical high-frequency energy from the biologi-

cal tissue.

This embodiment is advantageous in that the sensing electrodes can be electrically
connected to each other in any way, depending on the type of electrode used. Regard-
ing the evaluation by means of the evaluation and control unit, the specific type of con-
nection is always decisive since the calculation of the measured variables changes de-
pending on the type of connection. Preferably, the sensing electrodes in their entirety
serve as the dispersive electrode, which has the advantage of eliminating the need for
an additional dispersive electrode. The high-frequency current introduced into the tis-
sue by means of the active electrode is then discharged via the dispersive electrode in

a regulated, controlled manner.

In another embodiment, impressing the predetermined alternating voltage for measur-
ing purposes or the predetermined alternating current for measuring purposes into the

sensing electrodes takes place on the basis of a four-wire measurement.

The four-wire measurement is used for the measurement of electrical resistances with
a four-wire connection if line and terminal resistances can distort the measurement. In
the four-wire measuring arrangement, a known electrical measuring current flows
through the resistance (the tissue lying between the sensing electrodes) via two of the
lines. The voltage dropping at the resistor is tapped at high impedance via two further
lines and measured with a voltmeter; the resistance to be measured is calculated ac-

cording to Ohm's law.

In another embodiment, the sensing electrodes are electrically connected to each other
as pairs of electrodes, such that impressing the predetermined alternating voltage for

measuring purposes or the predetermined alternating current for measuring purposes
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and the measurement of the impedance is carried out in pairs, wherein each individual
sensing electrode of the sensing electrodes is dynamically pairable with any other
sensing electrode of the sensing electrodes, and wherein the measurement of the im-
pedance per pair of sensing electrodes is preferably performed successively in time or

simultaneously.

This embodiment is advantageous in that the impedance can be measured in seg-
ments or in sections. Another advantage is that possible burns can be localized inex-
pensively. The position or positions where burns are most likely to occur can be visu-

ally illustrated and/or marked on a screen, for example.

To "save" measuring channels and/or sensing electrodes, measuring channels can be
used at several locations, which are located at a distance to one another, and intercon-
nected with other adjacent channels. Since in the event of a leakage, adjacent elec-
trode pairs are also likely to be affected over a large area, the location of the burn can
still be determined relatively accurately in this way by "striking" (i.e., measuring a sharp
drop in impedance) together with adjacent electrodes. At the same time, a higher reso-

lution is achieved than if only fewer channels were used.

In another embodiment, the evaluation and control unit is adapted for measuring a real
part and/or imaginary part of the impedance which decreases over the sensing elec-
trodes and/or for measuring an amplitude and phase of the alternating voltage for

measuring purposes or the alternating current for measuring purposes.

Measuring the amplitude and phase of the alternating voltage for measuring purposes
or the alternating current for measuring purposes corresponds to determining the imag-

inary part and the real part of the impedance.

In another embodiment, the measuring sensors are temperature sensors, preferably
thermoactive elements, which are disposed in the periphery of the patient and adapted
for detecting a temperature as the parameter. Furthermore, in this embodiment, the
evaluation and control unit is adapted for generating the preferred alarm signal if a rela-

tive change in temperature exceeds a predetermined first threshold.
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This embodiment is advantageous in that an unwanted conductivity bridge due to con-
tact of a body part with an electroconductive material is not generated directly via an
impedance measurement, which may also be subject to noise effects, but indirectly be-
cause of the temperature increase produced by the current flow across the conductivity
bridge. The first threshold is, for example, a limit temperature above which burns can

potentially occur.

It should be mentioned that this measurement technique assumes a certain inertia for

the formation of a burn, i.e. that it takes at least a few seconds to form a burn.

By contrast, the temperature sensors to be used have as little thermal inertia as possi-
ble, which is why thermoelectric sensor types (e.g., thermocouples, positive tempera-
ture coefficient (PTC) thermistors, negative temperature coefficient (NTC) thermistors)
are particularly suitable as sensor types, since in addition to low thermal inertia they
are also inexpensive to manufacture and have sufficient accuracy for temperature dif-

ference measurements.

In another embodiment, the temperature sensors are disposed on several components
in the periphery of the patient so that the evaluation and control unit is adapted for

identifying a spatial temperature distribution in the periphery of the patient.

This embodiment is advantageous in that preferably a two-dimensional, preferably spa-
tial, temperature distribution of the operating environment can be determined at least in
sections. Particularly preferably, the monitoring unit also comprises one or several ther-
mally active measuring cameras, e.g., in the form of infrared cameras, by means of
which the temperature distribution of the visible operating area can be determined. By
superimposing the measurement results of the temperature sensors and the thermal
cameras, a three-dimensional temperature distribution of the operating environment
can preferably be generated. The actual center of the operation, where the cutting is
performed by means of the high-frequency surgery apparatus, is preferably excluded
from the temperature distribution, since temperatures that could cause burns are pro-

duced in this area anyway.
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According to the invention, the measuring sensors can each be magnetic and/or elec-
tric antennas which are each adapted for detecting electromagnetic measuring signals
from the periphery of the patient as the parameter, the measuring signals being gener-
ated by the high-frequency energy during operation of the high-frequency surgery ap-
paratus. Furthermore, according to the invention, this evaluation and control unit is
adapted for calculating a spatial distribution of electric current density (i.e., of the pa-
tient and their (preferably immediate) surroundings) from the electromagnetic measur-
ing signals by solving a mathematical inverse problem. With magnetic antennas, the
detected electromagnetic measuring signals are proportional to 1/r « &l/ot; with electric
antennas, the detected electromagnetic measuring signals are proportional to 1/dis-

tance « oV/ét; with r = distance, | = electric current, t = time, V = voltage.

From the measuring signals collected by means of the antennas, the spatial distribution
of electric current (density) can be calculated by solving an inverse problem. The ques-
tion is how the distribution of electric current density in the operating area, which is pro-
duced by the high-frequency surgery apparatus due to the cutting current, should look

like in order to generate the measuring signals detected by means of the antennas.

Preferably, the term “antennas” means, for example, magnetic antennas (for example
loopstick antennas), electric antennas (for example dipole antennas, for example A /4,
A /2, sub-AM2 antennas and/or short antennas having expanded capacities (i.e., a virtual
extension) and/or magnetic field sensors (for example Hall sensors, SQUID sensors,

magnetoresistive sensors and/or fluxgate compass).

Thus, it is possible to obtain a quasi 3D tomographic image of the spatial distribution of
electric current density. If a (predetermined) threshold is exceeded or if currents occur
(are calculated) in areas where no currents should flow, an alarm signal can be gener-
ated. For example, the alarm signal can be an acoustic, optic and/or tactile signal. Al-
ternatively or additionally, it is possible to pause or shut off the high-frequency surgery

apparatus.

Furthermore, it is advantageous if the calculated three-dimensional current density dis-
tribution is displayed as an image and preferably overlaid with images from a 3D stereo

camera (e.g., from the producer Kinect, Microsoft, Intel, NDI) in such a way that this
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electric current density information is visualized, for example, on a partially transmis-
sive 3D image of the patient. This visualization is possible in real time due to today's
graphics processing units (GPUs) and programmable logic gates or integrated circuits
(FPGAS).

Another advantage of this embodiment is that a retrofit can be realized relatively simply
and inexpensively. For example, in an operating room, several electric or magnetic an-
tennas can be mounted in the respective corners of the room. The captured measuring
signals are fed to the evaluation and control unit as a whole. For example, the evalua-
tion and control unit can be integrated in the high-frequency generator or, as a sepa-
rate computing unit, be disposed so as to be separate from the high-frequency genera-

tor.

The term "inverse problem" describes a mathematical problem in which the underlying
cause of the effect (here: the distribution of electric current density) is inferred from an
observed or intended effect (here: the measured signals of the antennas) of a system.
Reference is made to Frank Natterer: The Mathematics of Computerized Tomography.
Society for Industrial and Applied Mathematics, Philadelphia 2001. ISBN 0-89871-493-

1 for further information.

It should be mentioned that the determination of the distribution of electric current den-
sity by means of solving the inverse problem is in principle also suitable for early detec-
tion, for example, when administrating a TUR. The transurethral resection of the hyper-
trophic prostate (TURP) and the resections in the bladder (TURB) in urology or the
transcervical resection of the endometrium in gynecology are standard procedures. By
means of a (rigid) resectoscope, bladder or prostate tissue is resected transurethrally
via a loop electrode using monopolar HF surgery in combination with an electrically in-
sulating sugar solution or bipolar HF surgery in combination with an electroconductive
NaCl solution. If there is insufficient rinsing, HO molecules can dissociate to H, and O»
and accumulate at the bladder roof. If resection is performed in this gas mixture, an ex-
plosion may occur. By means of the three-dimensional distribution of electric current

density, an incipient dissociation can be detected as early as possible.
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Furthermore, the determination of the distribution of electric current density is also ad-
vantageous for other high-frequency surgical procedures in which the surgery is per-

formed using an endoscope.

In another embodiment, the evaluation and control unit is adapted for generating the
alarm signal and/or switch off the high-frequency surgery apparatus, if the electric cur-
rent density of one or several predetermined spatial positions exceeds a predetermined

second threshold.

This embodiment is advantageous in that the surgeon is not required to manually shut

off the HF surgery apparatus, but instead such a shut-off is automated.

In the present invention, “second threshold” means, for example, a critical electric cur-
rent density in an area other than the center of the operation where no high electric cur-

rent density is to be expected.

The “one or several positions” can be represented by one part or several parts of a
back of the patient, by means of which the patient lies on the surgical table, and/or one

part or several parts of a foot or any other limb of the patient, for example.

Furthermore, a monitoring unit according to another aspect of the invention is particu-
larly preferably mentioned, the monitoring unit being adapted to monitor a patient dur-
ing an operation of a high-frequency surgery apparatus, the high-frequency surgery ap-
paratus being adapted to separate and/or coagulate biological tissue by means of high-
frequency energy, the monitoring unit having magnetic and/or electric antennas which
are each adapted to detect electromagnetic measuring signals from a periphery of the
patient, the measuring signals being generated by the high-frequency energy during
operation of the high-frequency surgery apparatus. Furthermore, the monitoring unit
comprises an evaluation and control unit which is adapted to compute a spatial electric
current density from the electromagnetic measuring signals by solving a mathematical

inverse problem.
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It is obvious that the features described above and those yet to be explained below can
be used not only individually or in the described combinations, but also in other combi-

nations.

In general, the monitoring unit according to the invention and the system according to
the invention can be used for all medical-technical devices, methods and/or treatment

techniques in which high-frequency electrical energy is applied to the patient.

Moreover, it is understood that, in principle, synergetic technical effects can also be
generated and advantageously used by the use of the monitoring unit as well as their
respective embodiments. Thus, it can be advantageous, for example, to use the imped-
ance measurement along with the (three-dimensional) electric current density mapping
by means of electric or magnetic antennas and/or with the temperature monitoring by
means of a thermoelectric sensor technology, i.e., to use several monitoring units
which function differently. For example, this can provide safety-related advantages (be-
cause of fail-safes through redundancies) and also metrological advantages because
physically different measurement results can be combined with each other for cross-
checking, which can result in an increase in the precision of the monitoring result. Fur-
thermore, it should be mentioned that the monitoring unit according to the invention is
also used in the veterinary field, i.e., with animal surgery, and that the aforementioned

patient may not necessarily be a human, but also an animal.

Exemplary embodiments of the invention are shown in the following drawings and are

described in more detail hereinafter.

Fig. 1 shows a schematic view of a first exemplary embodiment of a high-frequency

surgery system;

Fig. 2 shows a schematic view of a second exemplary embodiment of a high-frequency

surgery system;

Fig. 3 shows a schematic view of an impedance curve over time;

Fig. 4. shows a schematic view of an exemplary embodiment of the sensing electrodes;



10

15

20

25

DK/EP 4309571 T3

22

Fig. 5 shows a schematic view of a second exemplary embodiment of the sensing elec-

trodes;

Fig. 6 shows a schematic view of a third exemplary embodiment of the sensing elec-

trodes; and

Fig. 7 shows a schematic view of a third exemplary embodiment of a high-frequency

surgery system.

Fig. 1 shows a schematic view of a first exemplary embodiment of a high-frequency
surgery system. The high-frequency surgery system in its entirety is marked with refer-
ence sign 100. The high-frequency surgery system has an exemplary embodiment of a

monitoring unit 10 according to the invention.

Monitoring unit 10 is adapted for monitoring a patient 12 during operation of a high-fre-
quency surgery apparatus 14. In the present invention, high-frequency surgery appa-

ratus 14 is an electric scalpel with a monopolar design.

High-frequency surgery apparatus 14 comprises an active electrode 16 and a disper-
sive electrode 18. Active electrode 16 is configured to separate and/or coagulate bio-
logical tissue of patient 12 by means of an electrical high-frequency energy or by feed-
ing in a high-frequency alternating current. Dispersive electrode18 is adapted for dis-
charging the electrical high-frequency energy from the biological tissue. In the present
invention, dispersive electrode 18 is adhesively applied to a thigh of patient 12 as a

surface electrode.

Active electrode 16 and dispersive electrode 18 are electronically coupled to a high-fre-
quency generator 20 via one or several cables. High-frequency generator 20 is
adapted for converting an electric current from the electric grid (e.g., viaa 230V, 16 A;
or a 380V, 32A connection) in a power-electronic manner (for example, by means of
frequency converters) to a high-frequency alternating current required for operating the
high-frequency surgery apparatus. The frequency of this cutting current is preferably

above 300kHz and below 5 MHz. In other embodiments, dispersive electrode 18 can
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also be applied to other body parts of patient 12 or, alternatively, be formed by a

ground connection of an operating table 22.

In the present invention, operating table 22 is a horizontal patient table which stands on
a floor via a monolithic base 24. Preferably, the operating table is completely electri-
cally insulated from an environment. In the present invention, the electric current fed
from active electrode 16 into the tissue of patient 12 flows back to the grounded high-

frequency generator via dispersive electrode 18 (as a mass in the electrical sense).

In the case shown in Fig. 1, however, not all the electric current injected into the pa-
tient's body by active electrode 16 flows off through the dispersive electrode because
another conductivity bridge 26 is formed on a lower leg 28 of the patient, for example
because of an improper handling on the part of the surgical staff when preparing the
surgery or during the surgery. Conductivity bridge 26 is indicated in a simplified manner
as a black spot on lower leg 28 of patient 12. An uncontrolled current flow over this
conductivity bridge 26, which, in addition to dispersive electrode 18, represents an ad-
ditional discharge possibility for the electric current, can cause burns in the affected ar-

eas of lower leg 28.

For a prediction or early detection of the formation of such parasitic conductivity
bridges, high-frequency surgery system 100 has an exemplary embodiment of monitor-

ing unit 10.

Monitoring unit 10 comprises sensing electrodes 30. In a simplified manner, only three
of the plurality of sensing electrodes 30 are marked in the present invention. Sensing
electrodes 30 are disposed in a direct periphery of patient 12 in the present invention.
In this case, the peripheral arrangement of sensing electrodes 30 is limited to sensing
electrodes 30 being disposed directly on a surface 32 of patient table 22. Sensing elec-
trodes 30 are preferably each electrically insulated from one another. A drop in imped-
ance between the sensing electrodes is caused by the current flow of the alternating
current for measuring purposes through the tissue of patient 12 located between two
sensing electrodes each. Sensing electrodes 30 are in direct contact with a skin of pa-

tient 12 who lies on patient table 22.
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Furthermore, monitoring unit 10 comprises an evaluation and control unit 34. Evalua-
tion and control unit 34 is adapted for impressing a predetermined alternating voltage
for measuring purposes or a predetermined alternating current for measuring purposes
into sensing electrodes 30. Furthermore, evaluation and control unit 34 is adapted for
measuring, or for determining by means of current measurement or voltage measure-
ment, an impedance Z (or an imaginary part X and/or a real part R) dropping between
sensing electrodes 30. Furthermore, evaluation and control unit 34 is adapted for moni-
toring a time curve of impedance 36 (see Fig. 3) and/or a temporal change (6Z/ot)
thereof and to generate an acoustic, optical and/or tactile alarm signal if a relative
change of the impedance (¢Z/6t) in the time curve of the impedance 36 falls below or
exceeds a predetermined first limit value 38 and/or the impedance falls below a prede-
termined second limit value 40 (cf. Fig. 3, in which time tin [s] is assigned to the ab-

scissa, impedance Z in [Ohm] is assigned to the ordinate).

In the present invention, the alarm signal is displayed on a display 42 or a display de-
vice which is connected to evaluation and control unit 34 via one or several cables. The
display is disposed on an operation terminal 44 via which patient 12 is ventilated by

means of a breathing hose 46 during the surgery.

Fig. 2 shows a second exemplary embodiment of high-frequency surgery system 100
with a second exemplary embodiment of monitoring unit 10. High-frequency surgery
apparatus 14 has a bipolar design of an electric scalpel in Fig. 2. With the bipolar de-
sign, active electrode 16 and dispersive electrode 18 are disposed in the manner of for-
ceps with two branches insulated from one another, for example, wherein the active-

neutral assignment can swap between the branches during operation.

Monitoring unit 10 comprises measuring sensors 48. Measuring sensors 48 are dis-
posed in the periphery of patient 12. In the present invention, measuring sensors 48
are disposed over the entire surface 32 of patient table 22 so as to be at a distance to
one another. Furthermore, additional measuring sensors are disposed on breathing
hose 46. Measuring sensors 48 are adapted for detecting a parameter which is pro-
duced during the separation and/or coagulation of the biological tissue because of the
high-frequency energy. Evaluation and control unit 34 is adapted for generating an

alarm signal based on the parameter.
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In the present invention, measuring sensors 48 are temperature sensors, in particular
thermoelectric elements, such as thermocouples. The measured parameter is a tem-
perature difference in Kelvin. If a parasitic current flow occurs over an additional con-
ductivity bridge (see Fig. 1), a rise in temperature can be measured in the form of a
temperature difference via temperature sensors 48. If the temperature difference meas-
ured in time exceeds a first threshold in the form of a maximum temperature Tua.x, the

alarm signal is generated.

Figs. 4 and 5 show two exemplary embodiments of advantageous arrangements of
sensing electrodes 30. Fig. 4 shows a checkered arrangement of black and white sens-
ing electrodes 30. The impedance can be measured between two adjacent electrodes
each, but in principle also between any two pairs of positive-negative electrodes in the
checkerboard arrangement, in which the sensing electrodes 30 form a pattern of spa-
tially distributed surface electrodes, each adjacent to and preferably electrically insu-

lated from one another. Fig. 5 shows what is known as an interdigital structure.

Fig. 6 shows an exemplary embodiment of sensing electrodes 30 which are incorpo-
rated in, e.g., woven into, a fabric in the form of metallic threads, for example. Shown
fabric 49 can be made of a non-conductive cloth or polyester and have a plurality of in-
terwoven and/or interlaced threads, for example. Some of these threads serve as sens-
ing electrodes 30 in metallic or electrically conductive versions (e.g. carbon-based). For
example, a chair or table cover for patient table 22 can be made of such a fabric. Alter-
natively, a (support) mat can also be made of such a fabric. Depending on how the me-
tallic threads or sensing electrodes are woven in, a checkerboard arrangement of the

electrodes can also be created.

In Fig. 6, schematic impedance measurements are marked as arrows between respec-
tive sensing electrodes 30. In the present invention, impedances Z, to Z4 are measured
indirectly via a current measurement or voltage measurement by evaluation and control
unit 20. Impedance Z4 is not measured directly between two adjacent sensing elec-
trodes 30; instead, a sensing electrode has been skipped between sensing elec-
trodes 30.

Fig. 7 shows a third exemplary embodiment of the high-frequency surgery system 100

with a third exemplary embodiment of monitoring unit 10. As measuring sensors 48,
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monitoring unit 10 comprises magnetic and/or electric antennas 50 in each instance.
Antennas 50 are each adapted for detecting electromagnetic signals 52 from the pe-
riphery of patient 12 as the parameter, electromagnetic signals 52 being generated by
the high-frequency energy during the operation of high-frequency surgery appa-

ratus 14.

Evaluation and control unit 34 is adapted for calculating a spatial distribution of electric
current density from the measuring signals by solving a mathematical inverse problem;
the detected measuring signals with magnetic antennas 50 being proportional to 1/dis-
tance ¢ dl/ot; the detected measuring signals with electric antennas 50 being propor-
tional to 1/distance « &V/ot. Antennas 50 are preferably disposed in a direct operating
environment, for example on patient table 22 and/or on a ceiling over the surgical pro-
cedure and/or in corners of the operating room. In the present invention, six anten-
nas 50 are schematically shown, of which only one has been marked for reasons of

clarity.

Some methods for monitoring the patient are described for illustrative purposes, albeit
not claimed as such. Furthermore, a method for monitoring a patient 12 during opera-
tion of a high-frequency surgery apparatus 14 is particularly preferred, wherein the
high-frequency surgery apparatus 14 is configured to separate and/or coagulate biolog-
ical tissue by means of electrical high-frequency energy. The method comprises the fol-
lowing steps: impressing a predetermined alternating voltage for measuring purposes
or a predetermined alternating current for measuring purposes into sensing elec-
trodes 30 which are disposed in a periphery of patient 12, and measuring an imped-
ance which decreases between sensing electrodes 30, and monitoring a time curve of

impedance 36 and/or a temporal change thereof.

Also preferred as an alternative solution is a method for monitoring a patient 12 during
operation of a high-frequency surgery apparatus 14, wherein high-frequency surgery
apparatus 14 is configured to separate and/or coagulate biological tissue by means of
electrical high-frequency energy. The method comprises the following steps: detecting
electromagnetic measuring signals from a periphery of the patient by means of mag-
netic and/or electric antennas, wherein the electromagnetic measuring signals are gen-

erated by the high-frequency energy during the operation of the high-frequency surgery
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apparatus; and calculating a spatial distribution of electric current density (or of the pa-
tient and their periphery) from the electromagnetic measuring signals by solving a

mathematical inverse problem.

The preferred methods for monitoring a patient 12 during operation of a high-frequency
surgical apparatus 14 can be designed in a respective method-specific variation ac-
cording to the configurations and embodiments disclosed above without being men-

tioned here redundantly.
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PATENTKRAV

1. Overvagningsenhed, som er indrettet til at overvage en patient (12) under
driften af et hgjfrekvens-kirurgiapparat (14), hvorved hgjfrekvens-kirurgi-
apparatet (14) er konfigureret til at separere og/eller koagulere biologisk
veev ved hjeelp af hejfrekvensenergi, hvorved overvagningsenheden (10)

omfatter:

- méalesensorer (48), og

- en evaluerings- og styringsenhed (34),

hvorved malesensorerne (48) er indrettet til at detektere en pa-
rameter, som fremkommer under separationen og/eller koagule-
ringen af det biologiske vaev pa grund af hgjfrekvensenergien,
kendetegnet ved, at de respektive malesensorer (48) er mag-
netiske og/eller elektriske antenner (50), som er konfigureret til
at detektere respektive elektromagnetiske malesignaler som pa-
rametre fra patientens (12) periferi, hvilke malesignaler genere-
res ved hjeelp af hgjfrekvensenergien under drift af hgjfrekvens-
kirurgiapparatet (14), og

hvorved evaluerings- og styringsenheden (34) er konfigureret til,
pa basis af de elektromagnetiske malesignaler, at beregne en
rumlig fordeling af elektrisk stremdensitet ved at I@se en mate-

matisk inversproblematik.

2. Overvagningsenhed ifglge krav 1, og som desuden er udformet til at frem-

bringe et advarselssignal ved overskridning af en forud bestemt teerskelveerdi.

3. Overvagningsenhed ifglge krav 2, hvorved advarselssignalet udsendes pa

akustisk, optisk og/eller taktil form.

4. Overvagningsenhed ifalge et af de foregaende krav, hvorved den beregnede,

tredimensionale stremtaethedsfordeling kan repraesenteres visuelt.
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5. Overvagningsenhed ifelge krav 4, hvorved den visuelt repraesenterede tredi-
mensionale stremtaethedsfordeling kan overlejres med billeder fra et 3D-kamera
pa en sadan made, at stremtaetheds-informationen kan visualiseres pa en del-

transmissiv 3-D afbildning af patienten.

6. Overvagningsenhed ifalge krav 2, hvorved evaluerings- og styringsenheden er
indrettet til at generere advarselssignalet og/eller udkoble hgjfrekvens-kirurgiap-
paratet, nar stremtaetheden i en eller flere forudbestemte positioner i rummet

overskrider en forudbestemt anden taerskelvaerdi.

7. Overvagningsenhed ifalge krav 6, hvorved positionen eller en flerhed af posi-
tioner repreesenterer en del eller en flerhed af dele af patientens ryg, pa hvilken
patienten ligger pa operationsbordet, og/eller en del eller en flerhed af dele af

patientens fod eller andre ekstremiteter.

8. Hejfrekvens-kirurgisystem, som omfatter:

- en hgjfrekvensgenerator (20), der er konfigureret til at generere hgjfre-
kvensenergi,

- et hgjfrekvens-kirurgiapparat (14) med en aktiv elektrode (16) og en
neutral elektrode (18), hvorved i det mindste den aktive elektrode (16) er

forbundet til hgjfrekvensgeneratoren (20),

hvorved den aktive elektrode (16) er konfigureret til at separere
og/eller koagulere biologisk veev ved hjeelp af den hgjfrekvente
elektriske energi, og

hvorved neutralelektroden (18) er konfigureret til at aflade den

hejfrekvente elektriske energi fra det biologiske veev, og

- en overvagningsenhed (10) ifelge et af kravene 1-7.
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