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Important note

The authors and ERBE Elektromedizin GmbH have taken the greatest possible care creating this brochure.
Nonetheless, it is not possible to exclude the possibility that errors may be contained within it. The informati-
on and recommendations made in the brochure may not be construed as constituting any claims against the
authors or against ERBE Elektromedizin GmbH. Liability based on this brochure or any information contained
in it or omitted from it shall be limited to claims of intentional misconduct or gross negligence.
The data relating to setting values, application positions, application duration and the use of instruments is
based on clinical tests. Such data is merely intended to provide guidelines the applicability of which must be
verified by the operator. Depending on circumstances, it may be necessary to deviate from the data provided
in this brochure.
Medical science is subject to a process of permanent change based on research and clinical experience. It
may also be appropriate to deviate from the data provided in this brochure on the basis of the results of
such research and experience.
This brochure is not intended to be a substitute for or supplant the Operations Manual or the Service
Manual; and it is NOT A WARRANTY WITH RESPECT TO THE MERCHANTABILITYY, SUITABILITY, OR FITNESS
FOR A PARTICULAR PURPOSE regarding ERBE Elektromedizin GmbH products or the applications illustrated.
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ENDO CUT

Introduction
Since the introduction of endoscopic
papillotomy/sphincterotomy, many
different treatment methods using
high-frequency (electrosurgical) cur-
rent have been used to incise the
papilla.

These methods include, among 
others:

– the use of monopolar coagulation
current

– the use of monopolar cutting cur-
rent

– manual switching between coagu-
lation current and cutting current,
depending on the assessment of
the operating physician

– many different variations of elec-
trosurgical waveforms by different
manufacturers of electrosurgical
units.

The goal of all these different treat-
ment methods was to find a high-fre-
quency current which would be capa-
ble of guaranteeing sufficient primary
hemostasis while keeping thermal
coagulation damage to adjacent tis-
sue to a minimum.

Another requirement for any electro-
surgical incision during papillotomy
procedures is that the cut is con-
trolled, slow and precise.

What the different variations outlined
above have in common is the fact
that most of them are a compromise.
High-frequency cutting current is
capable of producing an excellent
incision but is often deficient when it
comes to hemostasis. Coagulation
current on the other hand has excel-
lent qualities when it comes to hemo-
stasis but its cutting qualities are poor
or even totally lacking, and it addi-
tionally leads to thermal damage at
the margin of the incision. 

Manual switching between cutting
and coagulation current, which is
often done, is based more or less on
the empirical experience of the oper-
ating physician. The physician must
be able to gauge when to use coagu-
lation current and when it would be
advisable to switch to cutting current.

Faced with these problems ERBE
developed a software-controlled cut
mode for use in papillotomy/sphinc-
terotomy and polypectomy proce-
dures based on an innovative genera-
tion of electrosurgical units, the
ERBOTOM ICC range.

Since the introduction of ENDO CUT
in 1993, more than 5000 ERBOTOM
ICC units with ENDO CUT are in use
worldwide. They have provided an
important contribution to increasing
application safety and improving
operative results in polypectomy and
papillotomy procedures. 

ENDO CUT has automated many
steps in papillotomy procedures. 
Nevertheless, the technique of this
electrosurgical form of treatment
must be learnt and applied by the
physician. This brochure is intended
as an aid to learning the technique
for papillotomy procedures carried
out using ENDO CUT.*

* The brochure »Electrosurgical Polypectomy with
Software-Controlled Cuts« is also available from
ERBE Elektromedizin.
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ENDO CUT Mode of Operation in
Papillotomy Procedures

ENDO CUT was developed to assist
the task of the operating physician. 
It operates by measuring physical
parameters which occur during the
application.

ENDO CUT is suitable both for use
with the papillotome and with the
needle-knife. Essentially, the cutting
speed is regulated by carrying out the
cut in intervals (fractionated cut). This
shortens the period of time during

Fig.1: Operative procedure/papillotomy carried out using ENDO CUT

which electrosurgical current[a] is
applied to the tissue, thereby
minimizing the thermal damage to
the area being incised. It also slows
down the cutting which is therefore 
more easily controlled. 

By these means ENDO CUT increases
both the safety and the quality of the
operative results during papillotomy
procedures.

ENDO CUT involves three stages:

1. Initial incision stage

2. Cutting stage

3. Coagulation stage

Stages 2 and 3 are repeated until the
papillotomy procedure is completed
or until the cutting process is inter-
rupted by the physician.
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Stage 1:
Initial incision stage
After positioning the papillotome or
the needle-knife the ENDO CUT func-
tion is started by activating the yellow
foot pedal. Due to the low resistance
between the wire or the needle-knife
and the tissue at the beginning of
this stage, the cutting current has the
same effect as a soft coagulation[e].
As the soft coagulation continues,
the impedance increases due to the
desiccation of tissue; in accordance
with Ohm’s law[i] the voltage[g] also
increases until a voltage of more than
200 Volt is reached, that is, the volt-
age necessary for effecting an elec-
trosurgical incision[c]. 

This procedure ensures, as far as pos-
sible, that sufficient coagulation[d] of
tissue is achieved prior to cutting. 

Stage 2 commences immediately
after the limit of 200 Volt has been
reached and the ESU software has
detected the first arcs.

Stage 2:
Cutting stage
The development of arcs/sparks
between the instrument and the tis-
sue is essential. They are necessary
for the electrosurgical incision (see
also [c]).

After the first arcs/sparks have been
detected by ESU software analysis as
described in stage 1, the first cutting
pulse is triggered. 

This pulse lasts for 50 milliseconds
(standard ERBE setting, adjustable)
and is therefore very short. The rea-
son for the brevity of this impulse is
that the path traveled during the cut-
ting pulse should be as short as possi-
ble. The operating physician therefore
has time to monitor the cut and, if
necessary, to correct it. 

The cutting pulse creates an incision
with little hemostasis. This means
that there is very little thermal injury
to the tissue at the edges of the cut. 

Stage 3:
Coagulation stage
During a papillotomy this stage is
primarily intended to briefly interrupt
the cutting process and thereby to
ensure that the operating physician
can control the incision. Although
during this stage a soft coagulation[e]

is carried out for a period of 750 milli-
seconds (standard ERBE setting, 
adjustable), due to the small surface
area of the papillotome wire in
contact with the tissue and its low
heat capacity this does not have a
great in-depth coagulation effect. 

Stages 2 and 3 are repeated at inter-
vals of 50 ms during the cutting
stage and 750 ms during the coagu-
lation stage until the electrosurgical
cut is completed.

Fig. 3: Cutting pulseFig. 2: Initial incision stage Fig 4: Coagulation stage
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Part 2

ENDO CUT automatically regulates
many of the processes during papillo-
tomy procedures. It is, nevertheless,
an electrosurgical application with 
all the well-known requirements and
risks common to electrosurgical
operations, which are also described
in the operating manuals of the ICC
units. 

With the following recommendations
we have tried to provide some guide-
lines to assist in learning the new
operative technique.

All the following suggestions are
recommendations, which the
operating physician should test for
himself in order to judge whether

and how far they are viable. All
specifications given refer only to the
ERBOTOM ICC range of units which
are equipped with the ENDO CUT
system.

Recommended Settings for 
Papillotomy Procedures Using
ENDO CUT

Fig. 5: ICC 200 with ENDO CUT

Recommended settings of the ICC units:

The electrosurgical units of the
ERBOTOM ICC series which are
equipped with the ENDO CUT auto-
matic system are delivered with a
standard setting whereby the maxi-
mum cutting power with Effect 3 is
120 watts and the max. coagula-
tion power during the Forced
Coagulation mode is 60 watts. This
recommendation is based on
empirical data. As the demands
placed on the ERBOTOM ICC unit
with the ENDO CUT system do not
vary much in papillotomy proce-
dures and the unit creates a repro-
ducible incision with the help of its
automatic adjustment, it is rarely
necessary to change these standard
settings.

Nevertheless we wish to offer some
hints on how cutting and coagula-
tion can vary when the settings are
changed.

Changing the maximum CUT
output

The power setting has little direct
effect on cutting and coagulation
during papillotomy procedures. The
function of the power setting is to
define the upper limit of the power
output. This is a safety criterion.
The max. power output should be
as low as possible. The setting of
120 watts, which is recommended
as the standard setting, has
achieved good results in this
respect.

Changing the CUT Effect

The adjustable Effect in the cutting
mode defines the extent of hemo-
stasis during cutting. The four
Effect stages lead to an increase 
in primary hemostasis. In stage 
1 hemostasis is slight. Stage 4 will

result in a strongly coagulated
incision. As strong hemostasis of
the edges of the incision has also
been linked to a later development
of pancreatitis, it is useful to keep
the Effect setting as low as possible. 
If, however, the setting is too low, 
this can lead to hemorrhages. The
standard setting is Effect 3 which
has achieved good results to date.

Changing the AUTO-COAG
modes

The coagulation mode has no
impact on the ENDO CUT function,
neither is it a parameter of the frac-
tionated cut ENDO CUT. The pre-set
mode Forced Coagulation[f] shown
in Fig. 5 is activated using the blue
foot pedal, for example to create
additional hemostasis. 

Caution: Prior to any papillo-
tomy procedure it is always
necessary to check whether the
ENDO CUT function has been
switched on. This is indicated
either by a light diode on the
ENDO CUT key (ICC 200) or by
the letter E being displayed on
the program panel (ICC 350).
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Fig. 6: Initial incision stage

Fig. 9: Cutting stage

Fig. 7: Cutting stage

Fig. 10: Coagulation stage

Fig. 8: Coagulation stage

Fig. 11: Cutting stage

Stage 1: Initial incision stage

The papillotome is positioned and
slightly tightened. The ENDO CUT
function is activated by pressing the
yellow foot pedal. The foot pedal
should be kept pressed down for the
duration of the desired activation.
(The ENDO CUT function can be
interrupted at any time by discontinu-
ing the activation of the foot pedal).
The surrounding tissue is then briefly
coagulated (Fig. 6). ENDO CUT will
indicate this by giving a long continu-
ous acoustic signal.

Part 2

Stage 2: Cutting stage
After a brief coagulation ENDO CUT
will switch to the fractionated 
cut mode which is indicated by a 
pulsating tone (Fig. 7).

The papillotome wire will create 
a first incision. After 50 ms the 
first coagulation stage will set in 
(Fig. 8). 

This stage can also be interrupted 
at any time by discontinuing the 
activation of the foot pedal.

Stage 3: Coagulation stage
As already previously mentioned, the
coagulation stage (Fig. 8) serves dur-
ing papillotomy procedures primarily
to provide enough time for the oper-
ating physician to monitor and, if
necessary, correct the cut. Due to the
small surface area of the papillotome
wire in contact with the tissue and its
low heat capacity, only limited coagu-
lation occurs. The coagulation stage
lasts for 750 ms during which a soft
coagulation is carried out with only
minimal risk of carbonization. 

ENDO CUT with its combination of
stage 2 and stage 3 is defined as a
fractionated cut. The stages 2 and 3
are repeated (Figs. 9, 10 and 11) until
the activation is terminated.
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Part 2

Summary:

Due to the fractionation of the cut
output ENDO CUT affects the
cutting speed. The cut/coagulation
rhythm, alternating between 50 ms
and 750 ms, means that the cut is
controlled and slower. 

– The risk of an uncontrolled 
breaking in of the papillotome
wire (»zipper effect«) is greatly
minimized.

– The risk of hemorrhage due to
an incision which is carried out
too quickly is minimized.

– The risk of a too strong coagula-
tion or carbonization of the
edges of the incision by a cut
which is carried out too slowly is
minimized.

ENDO CUT creates an incision with
only minimal hemostasis during the
50 ms cutting stage and uses soft
coagulation without any carboniza-
tion during the 750 ms coagulation
stage.

ENDO CUT creates a smooth inci-
sion for papillotomy/sphincteroto-
my procedures with optimal inci-
sion edges, due to

– minimal thermal damage

– no carbonization

– effective hemostasis..
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[a] High-frequency alternating
current

High-frequency (abbreviation: HF)
alternating current with frequencies
from 100 kHz up to the GHz range.

HF alternating current is used in me-
dicine for cutting, coagulation and
devitalization of target tissue. HF al-
ternating current is suitable for such
applications because, in contrast to
direct current (which produces acids
and alkalines at the electrodes) and
low-frequency alternating current
(neuromuscular excitation), it has
few negative effects on patients.

[b] Monopolar electrosurgery

Monopolar technology is character-
ized by the application of two sepa-
rate electrodes which are affixed to
the body: the active electrode – in
papillotomy procedures this is the
papillotome wire – and the broad-
based neutral electrode, which is
usually best placed on the thigh or
the upper arm of the patient.

[c] Electrosurgical incision

An incision through tissue by apply-
ing high-frequency alternating cur-
rent is produced by creating a volt-
age above 200 V between the active
electrode and the tissue. Voltages
above this limit create electric arcs
between the active electrode and the
target tissue, which are capable of
heating tissue cells so fast that the
intracellular fluid vaporizes, rupturing
the cell walls.

[d] Electrosurgical coagulation

The application of high-frequency
alternating current through an active
electrode with a voltage of less than
200 V does not create electric arcs.
The intracellular fluid is heated slow-
ly, so that the fluid only evaporates
and the cell shrinks. This reduces the
tissue surface, thereby decreasing
and occluding the cell lumen. Many
forms of coagulation do not merely
consist of coagulation but also in-
clude a certain amount of electric
arcing caused by voltages above 
200 V. These coagulation forms are
to a certain extent also suitable for
cutting and are (rarely) used for
papillotomy procedures (see also
Forced Coagulation[f]). 

[e] Monopolar Soft Coagulation

Coagulation with voltages below
200 V. A pure coagulation which is
unable to cut tissue. As no arcs are
created, no carbonization of tissue
can occur. This also prevents, among
other things, the electrode from
sticking to the coagulated tissue. 

Fig. 12: Correlation between neuromuscular
excitation (NE) and frequency

Fig. 14: Rupture of the cell walls during an
electrosurgical incision

Fig. 15: Cell shrinkage during electrosurgical
coagulation

Fig. 16: Ball electrode, Soft Coagulation

Fig. 17: Papillotomy, Soft Coagulation
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[f] Monopolar Forced Coagulation

Coagulation with voltages above 
200 V. A coagulation with partial
cutting effects due to sparking. The
coagulation effect is quicker than
that created during Soft Coagula-
tion. Well suited for the coagulation
of any hemorrhage occurring during
a papillotomy procedure.

[g] Voltage

Symbol »U«. Potential difference
between two points of an electric
field which causes electricity to flow.
Basic unit of voltage is one volt.

[h] Electric current

Symbol »I«. Equalization of voltage
differences between two electrodes
through a conductor. Basic unit of
electric current is one ampere.

In electrosurgery the voltage differ-
ences are applied via the active elec-
trode and the broad-based neutral
electrode. The tissue forms a conduc-
tive area between the two.

[i] Electric resistance or impedance

The resistance (symbol »R«) to the
flow of electric current through a
conductor; arithmetically the ratio
between the voltage »U« and the
electric current »I«:

R = U/I (Ohm’s law)

The basic unit of electric resistance is
»ohm«.

[k] Modulated current waveforms

In electrosurgery the application of
different alternating currents and/or
the creation of waveforms is used to
modify such parameters as cutting
speed, extent of coagulation, etc. 

Current density 

Electric current density (symobl »J«)
is calculated as the quotient of 
current intensity »I« and the area
through which the current flows: 
J = I/A

The unit of electric current density is:
A/m2.

When current flows through biologi-
cal tissue the current intensity will
vary from place to place. High cur-
rent densities in biological tissue heat
the tissue. This effect can be specifi-
cally used to produce an electrosurgi-
cal incision. It can, however, also lead
to tissue being heated which lies out-
side the target area being operated.

Fig. 18: Ball electrode, Forced Coagulation

Fig. 19: Papillotomy, Forced Coagulation

Fig. 20: Correlation between coagulation
depth and waveforms, coupled with changes
in voltage
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