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While every effort has been made by 
 BOWA-electronic GmbH & Co KG to en-
sure that the information provided in this 
brochure is accurate, occasionally errors 
may occur.

BOWA accepts no liability for the recom-
mended settings listed, or any of the in-
formation or figures provided in relation 
to these settings. Liability is restricted to 
instances of wilful misconduct or gross 

negligence information pertaining to re-
commended settings, sites of application, 
duration of application, and device usage 
are based on clinical experience. Some 
centres and physicians may prefer diffe-
rent settings to those recommended in 
this brochure.

Specifications are for guidance only. Their 
relevance and applicability should be con-
firmed by the operating surgeon.

Depending on individual circumstances, 
it may be necessary to deviate from the 
specifications provided in this brochure.

With research ongoing, and new clinical 
evidence emerging, medical knowledge 
and practice continue to evolve. As a re-
sult, a situation may arise in which it is 
advisable to diverge from the specifica-
tions provided.

All of the contents and materials pub-
lished in this brochure are subject to Ger-
man copyright law. 

Contents or materials may not be copied, 
edited, distributed or processed without  

prior written permission from BOWA-elec-
tronic GmbH & Co. KG.

IMPORTANT NOTICE

COPYRIGHT
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1.1 |  A BRIEF HISTORY OF  
ELECTROSURGERY(1)

The concept of using heat to treat tissue 
is first documented in ancient Egyptian 
papyrus scrolls, continued down through 
Greek and Roman times in the form of the 
ferrum candens (cauterizing iron) and is 
further evidenced in the use of the liga-
tura candens (cutting snare) following the 
invention of galvanocautery in the 19th 

century.

However, the development of high-fre-
quency surgery (HF surgery) as we know it 
today did not begin until the 20th century. 
HF surgery involves the generation of heat 
inside the tissue itself, whereas previous 
techniques required the transfer of ther-
mal energy from the heated instruments 
employed.

The first multi-purpose devices based 
on thermionic valves were developed in 
1955, followed by transistor-based de-
vices in the 1970s and argon beamers 
in 1976. Microprocessor-controlled HF 
surgical devices have been available 
since the early 1990s. These high-preci-
sion instruments first made it possible to 
modify a range of parameters enabling 
precise adjustment of the electric cur-
rent for specific treatment purposes.

1.2 |  FUNDAMENTALS OF MODERN 
HIGH-FREQUENCY SURGERY(1)

Depending on its nature, value and fre-
quency, the action of electrical current on 
tissue may be electrolytic (destructive), 
faradic (stimulating nerves and muscles) 
or thermal. HF surgery uses alternating 
current at frequencies of at least 200 kHz, 
with the thermal effect predominating. 
The thermal effect mainly depends on tis-
sue-current exposure time, current density 
and the specific resistance of the tissue, 
which basically declines as the water con-
tent or blood supply increases. Another im-
portant practical factor to consider is the 
portion of current flowing past the target 
site, possibly leading to thermal damage in 
other areas (for example during irrigation, 
the risk being higher with monopolar than 
bipolar techniques).

1.3 |  ELECTROCOAGULATION(1)

A coagulation effect is produced when tissue 
is heated very slowly to more than 60 °C.

This process of coagulation results in nu-
merous changes to the tissue including 
protein denaturation, evaporation of intra-
cellular and extracellular water, and tissue 
shrinkage.

Various types of coagulation are used in 
HF surgery. The techniques differ accor-
ding to the characteristics of the electric 
current and route of administration and 
include contact coagulation, forced co-
agulation, desiccation (coagulation using 
an inserted needle electrode), spray co-
agulation (fulguration), argon plasma co-
agulation (APC), bipolar coagulation and 
bipolar tissue sealing.

1.4 |  ELECTROTOMY(1)

A cutting effect is achieved by raising tis-
sue temperature very rapidly to more than 
90–100 °C, producing a build-up of steam 
in the cells which destroys the cell walls 
and then acts as an insulator. An arc vol-
tage thus develops between the electrode 
and the tissue, ultimately causing (recur-

1
FUNDAMENTALS 
OF MODERN 
HIGH-FREQUENCY SURGERY

BOWA ARC 400 Electrosurgical Unit

Mode icon for moderate coagulation



5

rent) sparking at voltages starting from 
about 200 V with a very high current 
density at the base points. This arc will 
form regardless of the surrounding media  
(e. g., air or liquid).

HF surgery enables additional coagulation 
of wound margins by modulating the cur-
rent (voltage elevation with pauses). The 
type of cut may be smooth or  jagged de-
pending on the intensity. BOWA arc gene-
rators can fine-tune the degree of jagged-
ness to as many as 10 different levels 
depending on the requirements.

Other thermal effects of current with less 
relevance in HF surgery include carboni-
sation (charring starting from approx. 200 
°C) and vaporisation (at several hundred 
degrees Celsius).

1.5 |  THE MONOPOLAR METHOD(1)

Monopolar HF surgery uses a closed cir-
cuit in which current flows from the in-
strument’s active electrode through the 
patient to the large-surface neutral elec-
trode and back to the generator.

The area of contact between the tip of the 
monopolar instrument and the patient’s 
tissue is small. The highest current densi-
ty in the circuit is achieved at this point, 
thereby producing the desired thermal 
 effect. 

The large surface area and special design 
of the neutral electrode acting as the op-
posite pole hence reduce local build-up of 
heat to a minimum.

1.6 |  ARGON-PLASMA COAGULATION 
(APC)(1)

APC is a monopolar method in which 
the HF current flows through ionised ar-
gon gas into the tissue in a manner that 
avoids direct contact between the elec-
trode and the tissue (non-contact method) 
and hence prevents adhesion of tissue to 
the electrode.

Argon is a chemically inert and non-toxic 
noble gas found naturally in the air. It is 
delivered through a probe to the surgical 
site and flows in the ceramic tip past a 
monopolar HF electrode to which a high 
voltage is applied. Once the required field 
strength has been reached, a process of 
ionisation to plasma begins and a blue 
flame appears (the “argon beam”). 

The electrically conductive plasma is di-
rected automatically in the beam to the 
point of lowest electrical resistance and 
coagulates the tissue at that location at 
temperatures starting from 50–60 °C. The 
gas keeps oxygen away and so prevents 

any carbonization (charring) that might 
otherwise impede the surgeon’s view due 
to smoke production and result in poor 
wound healing or postoperative bleeding.

These effects enable safe procedures with 
a low rate of complications, facilitating 
effective coagulation and devitalisation of 
tissue anomalies while providing homoge-
neous surface coagulation at limited pene-
tration depths.

1.7 | THE BIPOLAR METHOD(1)

In bipolar HF surgery, the current is re-
stricted locally to the area between the 
two active electrodes integrated in the in-
strument and does not flow through the 
whole of the patient’s body. Hence, a neu-
tral electrode is not required.

1.8 | TISSUE SEALING

Conventional electrocoagulation is un-
suitable for blood vessels with diameters 
exceeding approximately 2 mm. Bipolar 
tissue sealing or ligation is necessary to 
be sure of achieving haemostasis and a 
durable vessel seal. The vessel or tissue 
bundle is grasped using a special instru-
ment and compressed at a constant de-
fined pressure. A number of automatically 
controlled cycles of electric current with 
adjustable electrical parameters depen-
ding on the tissue type are then applied to 
fuse the opposing vascular walls together. 

Individual visualisation of the vessels prior 
to the procedure is unnecessary in most 
cases. Entire tissue bundles containing 
vessels can be grasped and fused. The 
 desired effect is indicated by a translucent 
white coagulation zone within which the 
tissue can be safely separated. In indivi-
dual cases it may be advisable to seal the 
vessel in two places some distance apart 
and make an incision between those sites. 
Bipolar sealing is technically feasible up 
to a vessel diameter of approximately 

Mode icon for standard cut

Mode icon for Argon – open

Mode icon for bipolar method

Monopolar operating principle

Operating principle for Argon Plasma 

Coagulation
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10 mm and has been clinically validated 
for diameters of up to 7 mm.

Since the tip of the instrument will be hot, 
care should be taken to maintain a safe 
distance from susceptible tissue struc-
tures and to avoid inadvertent coagulation 
as a result of accidental touching or when 
setting down the instrument.

Ergo 310D

Various studies(2–6) have demonstrated 
that vessels sealed in this manner remain 
sealed. Burst pressure in these studies 
was higher than 400 mmHg in more than 
90 % of cases (in some cases as high as 
900 mmHg) and thus well above the blood 
pressures of around 130 mmHg typi cally 
encountered in real life.

Histology shows that haemostasis in con-
ventional coagulation involves shrinkage of 
the vessel wall and thrombus development.

Process of vessel sealing

In contrast, vessel sealing is associated 
with denaturation of collagen with fusion 
of the opposing layers, while the internal 
elastic membrane remains largely intact 
since its fibres only undergo denaturation 
at temperatures above 100 °C.

A transition zone exhibiting thermal 
damage of about 1–2 mm in width and 

immuno histochemical changes of about 
double that width is observed lateral to 
the sharply circumscribed homogeneous 
coagulation zone. Sterile resorptive in-
flammation then develops mainly in the 
surrounding connective tissue with no evi-
dence of even temporary seal failure. 

The advantages of bipolar vessel  sealing 
over other methods such as ligation, 
 sutures and vascular clips include the 
speed of preparation, rapid and reliable 
sealing of vessels, the certainty that no 
foreign materials will be left in the pa-
tient, and lower cost. The benefits include 
shorter surgery times, reduced blood loss 
and hence a better patient experience.

BOWA TissueSeal PLUS

The concept of reusability results in maxi-
mum cost-effectiveness and is an added 
incentive to use the BOWA ligation in-
struments NightKNIFE®, TissueSeal® and 
LIGATOR®.

BOWA sealing instruments are suitable 
for a vast range of applications including 
open and laparoscopic procedures in sur-
gery, gynaecology and urology.

1.9 |  ELECTROSURGERY – GENERAL(1)

Users should be familiar with the function 
and use of the devices and instruments 
(user training in compliance with the 
Medical Devices Directive / training by the 
device manufacturer).

1.9.1 | SAFETY PRECAUTIONS TO 
PREVENT ELECTROSURGICAL 
COMPLICATIONS(1)

• Check the insulation 
• Use the lowest effective power setting
• Activation of current flow should be 

short and intermittent only
• Do not activate while the current cir-

cuit is open
• Do not activate near or in direct con-

tact with another HF instrument
• Use bipolar electrosurgery

1.9.2 | NEUTRAL ELECTRODE(1)

Neutral electrodes are generally supplied 
as disposable accessories in HF surgery 
for monopolar applications and are used to 
close the current circuit between the pa-
tient and the HF generator on the passive 
side.

The main risk associated with improper 
use of a neutral electrode is localised hy-
perthermia to the point of skin burns at 
the contact site and poor HF device func-
tion.

These problems can be avoided by  using 
neutral electrodes that are in perfect wor-
king order and free of defects. The intend-
ed therapeutic application, patient popula-
tion (adults or children) and patient’s body 
weight must all be taken into considera-
tion and any metal jewellery should be 
removed in advance.

The site of application of the neutral elec-
trode should be selected such that the 
current pathways between the active and 
neutral electrodes are as short as possi-
ble and run longitudinally or diagonally to 
the body, as muscle conductivity is higher 
along the direction of the fibrils. 

Depending on the part of the body under-
going surgery, the neutral electrode should 
be attached to the nearest upper arm or 
thigh but not closer than 20 cm to the sur-
gical site and at a sufficient distance from 
ECG electrodes or any implants (such as 
bone pins, bone plates or artificial joints). 
In a supine patient, the neutral electrode 
must be attached to the upper side of the 
patient’s body to avoid sticking in an area 
where fluids may collect and flood the de-
vice. The electrode should be attached to 

Mode icon LIGATION

BOWA EASY Universal 

neutralelectrode
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clean, intact and uninjured skin without 
too much hair growth. Any agents applied 
to clean the skin should be allowed to dry 
fully. The electrode must be in full contact 
with the patient’s skin.

Full contact of the neutral electrode with 
the skin is necessary because the heat 
generated is proportional to the electrode 
contact area. EASY neutral electrode 
monitoring in BOWA generators maxi-
mises patient safety by stopping mono-
polar activation in the event of insufficient 
skin-electrode contact. 

Special care should be taken in patients 
with pacemakers and implantable cardio-
verter defibrillators. Follow the manufac-
turer’s instructions and consult the pa-
tient’s cardiologist if necessary.

There are no reports of adverse events in 
association with the use of monopolar HF 
surgery in pregnancy. However, bipolar HF 
procedures are recommended as a safety 
precaution. 

The neutral electrode should not be re-
moved from its packaging until immedi-
ately before use but may be used for up 
to 7 days after opening if stored in a dry 

place at 0 °C to 40 °C. Electrodes are for 
single use only and must be disposed of 
thereafter.

1.10 | INTEGRITY OF EQUIPMENT

All devices, cables and other equipment 
employed should be in perfect working or-
der and checked for defects prior to use. 

Check the devices for smooth perfor-
mance in all the proposed functions and 
operating modes.

Do not use devices that are defective, con-
taminated or have been used before.

In the event of device malfunction  during 
treatment, interrupt the power supply im-
mediately to prevent unwanted current 
flow and possible tissue damage.

Defective devices and instruments should 
be repaired by qualified personnel only.

If you are not using the foot pedal, keep it 
at a safe distance to avoid any inadvertent 
use.

1.11 | NEUROMUSCULAR 
 STIMULATION (NMS)

NMS, or muscular contraction due to 
electrical stimulation, is a phenomenon 
observed in electrosurgery in general and 
monopolar procedures in particular. 

Adequate use of muscle relaxants in the 
patient significantly reduces the incidence 
of NMS. The benefits include a reduction 
in the likelihood of accidental thermal 
damage, the consequences of which may 
include perforated bowel in procedures 
associated with that risk.

1.12 | CONTACT WITH CONDUCTIVE 
OBJECTS

Patients should be adequately protected 
from contact with conductive objects to 
prevent unwanted current flow and possi-
ble injury.

Patients should therefore be placed on a 
dry and non-conductive surface.

Take care to ensure sufficient distance 
from any metal clips in areas where HF 
devices (such as snares or APC) are in 
use.
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2 PRACTICE &  
METHODS

In terms of clinical practice, endoscopy 
procedures can be divided into two dis-
tinct types, with naming conventions de-
pending entirely upon the route of access 
used, and the location of the organ to be 
examined.

Procedures involving the upper gastro-
intestinal, i.e. the oesophagus, stomach 
and proximal part of the duodenum, are 
performed by means of a gastroscope in-
serted through the mouth.
 

Gastroscopy

Procedures involving the lower gastrointes-
tinal tract, i.e. the rectum, colon and distal 
section of the ileum, are performed using 
a colonoscope inserted through the anus. 

Colonoscopy

Double balloon enteroscopy (DBE), also 
known as push-and-pull enteroscopy 
(PPE), represents a special endoscopy 
technique that allows the visual exami-
nation of the small intestine. Using an 
endoscope fitted with an overtube, this 

procedure requires a specific technique 
to slowly move the endoscope through 
the small intestine.

The purpose of all of the procedures de-
scribed above is to reach the relevant 
target site. As it is the nature of the con-
dition or disease to be treated that deter-
mines which treatment method is used, 
treatment methods will be discussed in 
order of symptom presentation. 
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APC probe BOWA ARC 400 HF generator

BOWA ARC PLUS Endoscope

Polypectomy snare Papillotome

Needle knife Forceps

BASIC EQUIPMENT FOR GASTROENTEROLOGY PROCEDURES

2.1 | GASTROINTESTINAL BLEEDING

2.1.1 | ULCER BLEEDING FORREST 
CLASS IB-IIB

Bleeding represents the most serious 
complication of a peptic ulcer, and is 
more significant even than penetration, 
perforation or gastric outlet obstruction.

An upper gastrointestinal endoscopy, or 
oesophagogastroduodenoscopy (OGD), is 
essential, as there may be several sites 
of bleeding. These are classified in ac-
cordance with the Forrest classification 
system, and have a clear impact on over-
all prognosis. Endoscopy procedures are 
used to reduce the risk of rebleeding, and 
reduce both the need for surgical inter-
ventions as well as patient mortality.

According to findings from prospective, 
randomised studies, the exact type of 

haemostatic therapy used appears to be 
of secondary importance. What is of cru-
cial importance, however, is that haemo-
static therapy should be primarily endo-
scopic in nature(7).

Recent research has shown that very 
good results can be achieved with a com-
bination of APC (argon plasma coagula-
tion) and epinephrine injections(8).

Endoscopy of the upper part of the small 
intestine is not contraindicated in pa-
tients with suspected penetration or per-
foration. However, surgical advice should 
be sought. In these cases, as elsewhere, 
endoscopy can be used to provide a clear 
diagnosis, detect concomitant conditions 
affecting the same area, or identify fur-
ther complications(7).

2.1.2 | OESOPHAGEAL VARICES

Oesophageal varices occur as the result of 
portal hypertension, which can be caused in 
a number of different ways. Portal hyperten-
sion results in the formation of portosyste-
mic collateral veins, which lead to varices in 
the area of the oesophagus and the gastric 
fundus(9).

Approaches to the treatment of oesophageal 
varices can be divided into acute treatments 
(where bleeding has occurred), the preven-
tion of bleeding (primary prevention), and 
the prevention of further bleeding.

ACUTE TREATMENT
Variceal rupture results in bleeding that 
is potentially life-threatening. The risk 
of oesophageal haemorrhage is linked to 
variceal wall tension, variceal diameter 
and wall thickness, as well as liver func-
tion(9).
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Among urgent interventions for acute 
bleeding, endoscopic therapy (e. g. scle-
rotherapy (Histoacryl), ligation, oesopha-
geal stenting (Danis stent)) remains the 
treatment of choice(10).

A Sengstaken-Blakemore tube can be 
used to buy time if a patient is waiting to 
undergo endoscopic therapy(11).

All patients with acute bleeding need 
to be moved to intensive care for close 
moni toring(10, 12).

Should these measures fail or prove un-
feasible, the surgeon may resort to open 
surgery using the modified Sugiura pro-
cedure(13).

OTHER TYPES OF UPPER GI BLEEDING
Aside from the rupture of oesophageal 
varices, which occur as a result of portal 
hypertension, upper GI bleeding can also 
be caused by
• Peptic ulcers (the most common cause 

at approximately 35 %)
• Oesophageal inflammation
• Medication-induced mucosal lesions
• Trauma-induced or surgery-induced 

lesions
• Malignant tumours
• Vascular abnormalities
• Duodenal diverticuli

Alternatively, it may be traced back to the 
hepato-pancreato-biliary system.

Typical symptoms of upper GI bleeding 
are the regurgitation of blood, or a mix-
ture of stomach contents and blood (hae-
matemesis), and tarry stools (melena). If 
bleeding is severe, bright red blood may 
be visible in the stools (haematochezia). If 
bleeding is slow, the patient may develop 
non-specific symptoms such as tiredness, 
lethargy, shortness of breath, or even an-
gina pectoris.

In addition to haemodynamic parameters 
that provide an indication of the severity 
of bleeding, there are other symptoms that 
can help localise the bleeding source or 
possible concomitant disease:
• Tarry stools and vomiting blood (sug-

gests upper intestinal bleeding)
• Haematochezia (suggests intestinal 

bleeding or severe haemorrhage distal 
to the pyloric sphincter)

• Ascites or jaundice (possible bleeding 

from venous collaterals due to cirrho-
sis of the liver)

All patients should be assessed for hae-
modynamic stability. Where necessary, re-
medial measures should be taken, and the 
patient should undergo initial endoscopy.

All patients with active bleeding or stig-
mata of haemorrhage, such as visible 
vessel or adherent clot, should undergo 
endoscopic therapy to treat the affected 
area with, for instance, local argon plas-
ma coagulation (APC) or a number of hae-
mostatic clips.

Adherent clots should be removed using 
irrigation. If removal is unsuccessful, the 
area should be injected with suprarenin 
(to prevent bleeding), and the clot re-
moved with a cold snare polypectomy, fol-
lowed by endoscopic therapy to treat the 
underlying lesion.

Even among high-risk patients (Forrest 
class Ia bleeding from an ulcer in the dis-
tal duodenal wall), initial haemostasis is 
achieved in 70 % of patients treated.

Endoscopic therapy significantly improves 
prognosis in terms of the patient’s risk of 
rebreeding, and the need for transfusions 
or surgery(14).

2.1.3 | VASCULAR MALFORMATION 
  AND VASCULAR ECTASIA

STOMACH / COLON
Vascular malformation and vascular ecta-
sia (dilation), including GAVE (gastric an-
tral vascular ectasia, or watermelon stom-
ach) and angio-dysplasia, are increasingly 
being recognised as significant causes of 
occult gastrointestinal bleeding.

While APC represents a safe endoscopic 
treatment method for bleeding in patients 
with angiodysplasia and GAVE, it is more 
effective in the treatment of bleeding 
caused by angiodysplasia.

GAVE patients have higher rebreeding 
rates, and sometimes need to undergo 
several procedures before bleeding is suc-
cessfully stopped(15).
 
In spite of this, APC remains a safe effec-
tive, and economical option for the treat-
ment of patients with GAVE, and repre-
sents an alternative to currently-available 
endoscopy procedures(16).

SMALL BOWEL / RIGHT COLON
Vascular malformation is the most com-
mon cause of small bowel bleeding.

Aorta Truncus coeliacus 

A. lienalis Aa. gastricae breves

A. gastrica sinistra

A. hepatis communis

A. gastroepiploica 

sinistra

A. gastroepiploica dextra

A. mesenterica superior

A. hepatica propria

A. gastroduodenalis

A. gastroduodenalis inferior

A. pancreatico-

duodenalis superior

anterior

A. pancreatico-

duodenalis superior

posterior

A. gastrica dextra

Anatomical overview of the stomach
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The condition can be treated with dou-
ble-balloon enteroscopy (DBE), using ar-
gon plasma coagulation (APC)(17).

Treating surface bleeding with APC

APC procedures using low-energy out-
puts, such as those which are standard 
at BOWA, achieve superior results when 
compared to traditional APC techniques. 
The lower energy output used allows for 
more accurate coagulation, and results in 
improved tissue effects that are virtually 
independent of application distance. This 
of course means that the technology can 
be used to treat angiodysplasia-related 
bleeding in difficult-to-reach sites such as 
the caecum or the small bowel. 

In terms of efficacy, low-energy APC is 
comparable to existing methods. How-
ever, its improved depth control means it 
a safer option that significantly reduces 
the risk of perforation(18).

2.1.4 | HAEMOSTASIS / COAGULATION 
  – APC

Nowadays, APC is used widely in the treat-
ment of non-variceal bleeding in both the 
upper and lower gastrointestinal tracts. 
Conditions that can be treated with this 
technology range from bleeding ulcers, 
angio dysplasias, and Dieulafoy’s lesions to 
instances of bleeding that are associated 
with benign and malignant tumours. Aside 
from the fact that APC is simple to use, 
safe, and associated with very few side ef-
fects, there are hardly any instances where 
it cannot be used. While APC is certainly 
not intended as a primary treatment me-
thod in patients with ulcer bleeding, it can 
reduce the need for transfusions in patients 
with GAVE (watermelon stomach). The 
same also applies to radiation colitis(19).

The term radiation-induced procto-sig-
moiditis refers to a serious complication of 
pelvic radiation therapy, a radiation treat-
ment that is delivered as part of treatment 
for pelvic malignancies, and is often as-
sociated with rectal bleeding. Drug-based 
treatment is generally insufficient, while 
surgical measures are associated with 
high morbidity and mortality. In these ca-
ses, APC not only represents a simple-to-
use, safe and effective method of treating 
haemorrhagic, radiation-induced procto-
sigmoiditis(20–22), it has also proven to be 
better than other treatment methods, in-
cluding hyperbaric oxygen therapy(23).

When used in the treatment of radia-
tion-induced proctocolitis, APC has been 
shown to result in significantly reduced 
levels bacteraemia that do not warrant 
antibiotic prophylaxis(24).

At optimal settings, APC has a high suc-
cess rate, and achieves long periods of 
remission without significant complica-
tions(25). In addition to this, the sheer ex-
tent of clinical data available on APC, and 
the fact that it is widely available, mean 
that it is the preferred choice for first-line 
therapy(26).

In patients with radiation-induced gas-
tritis, a serious complication of radiation 
therapy for pancreatic cancer, endoscopic 
therapy using APC can lead to considera-
ble improvements in the severity of anae-
mia, which in turn means that patients 
do not require any further blood trans-
fusions(27).

2.2 | NEOPLASMS

2.2.1 | BARRETT’S OESOPHAGUS

Worldwide, Barrett’s oesophagus (BE) is 
one of the most common pre-cancerous 
conditions, and its incidence is increa-
sing(28). 

Barrett’s oesophagus can develop as a re-
sult of long-term, chronic reflux disease. 
Over time, continued acid exposure will 
lead to changes (from metaplasia to ma-
lignant growth) in the mucosal lining of 
the oesophagus. These changes include 
the replacement of the normal squamous 
epithelium of the oesophagus with colum-
nar epithelium, while the demarcation 
line between the two is displaced into the 

oesophagus. Ulcers are common in this 
area(9).

Macroscopically, severity of the condition 
is classified using the Prague C&M Crite-
ria, which take into account the length 
and circumference of the segment that 
reaches into the oesophagus (>3 cm = 
long-segment Barrett’s oesophagus (LSB), 
<3 cm = short-segment Barrett’s oeso-
phagus (SSB)). Histologically, the severi-
ty of the changes at the demarcation line 
between squamous epithelium and colum-
nar epithelium, which is situated above 
the gastro-oesophageal junction, is gra ded 
according to the presence of low-grade 
(LGIN) or high-grade (HGIN) intraepithe-
lial neoplasia(29–31).

Endoscopic mucosal resection (EMR) is 
recommended as a diagnostic intervention 
in patients with visibly elevated LGIN(32).

The presence of high-grade intraepithelial 
neoplasia (HGIN) is associated with ma-
croscopically invisible cancerous lesions 
in approximately 40 % of cases. As a re-
sult of the resultant level of uncertainty, 
and because of an increased risk of can-
cer, EMR is recommended in patients with 
HGIN and early cancer(31).

2.2.2 | OESOPHAGEAL CANCER AND 
  BARRETT’S CANCER

Oesophageal adenocarcinoma (Barrett’s 
cancer) must be virtually unique among 
malignant diseases in terms of the sheer 
extent of developments that have been 
seen in the fields of epidemiology, diag-
nosis and treatment over the past decade. 
While still classed as having a particularly 
poor prognosis by the textbooks available 
to the previous generation of physicians, it 
is now regarded as a form of cancer that is 
immensely treatable in its early stages(33).

The term oesophageal carcinoma refers 
to malignant growths that are epithelial 
in origin, and which can be divided into 
squamous cell carcinomas (75 %) and 
ade nocarcinomas.

Barrett’s cancer is an adenocarcinoma 
involving the distal oesophagus, which 
is not always easy to distinguish from a 
stomach tumour that originates in the car-
dia(9).
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Curative use of EMR is the current gold 
standard for the local treatment of ear-
ly-stage Barret’s cancer (pT1m, L0, V0, 
G1/2) in Germany. Endoscopic submu-
cosal dissection has so far failed to be-
come established in Europe(33, 34).

As tumours of category T1b (submucosal 
involvement) onwards are associated with 
an increased risk of lymph node involve-
ment, endoscopic therapy is only recom-
mended in cases where surgery is not an 
option(35).

Both methods involve the complete resec-
tion and histological analysis of the mu-
cosa and the submucosa. Currently, evi-
dence of HGIN is the only histological risk 
factor for the development of this type of 
adenocarcinoma(30).

If histological analysis of the resected tis-
sue reveals a mucosal carcinoma that is 
not associated with additional risk factors 
(no invasion of the lymph vessels, no vein 
involvement, and radical R0 resection), 
the patient is treated with curative intent, 

and requires regular follow-up endosco-
pies. Patients with evidence of submu-
cosal infiltration and / or involvement of 
the lymph vessels or veins, should under-
go oesophageal resection(33).

2.2.3 | BENIGN OESOPHAGEAL 
  TUMOURS

Benign oesophageal tumours are far less 
common than malignant ones. The ma-
jority of these are of mesenchymal origin 
(e. g. GIST, leiomyoma, fibroma, lipoma, 
haemangioma, myxoma), while tumours 
of epithelial origin (cysts, papillomas) are 
much less common.

Currently, endoscopic submucosal dissec-
tion (ESD) is regarded as the main choice 
of treatment in patient with superficial tu-
mours of the gastrointestinal tract (includ-
ing the oesophagus) that are up to 4 cm 
in diameter. In the case of larger tumours, 
surgical resection remains the only option.
One of the advantages of ESD is that it is 
effective at removing lesions regardless of 
their size and the severity of fibrosis pre-

sent. Due to very good results in patients 
with oesophageal tumours with a low risk 
of lymphatic metastases, an increasing 
number of patients are now able to bene-
fit from ESD.

However, due to the complexity of the 
technology, ESD requires experienced 
practitioners. In order to prevent compli-
cations (perforation, postoperative gastric 
outlet obstruction), patient selection for 
ESD should follow very narrowly-defined 
criteria(9, 36).

2.2.4 | GASTRIC ADENOCARCINOMAS

Gastric cancers are malignant neoplasm 
arising from the gastric epithelium(9). 
Helicobacter pylori-induced gastritis rep-
resents the most important risk factor for 
gastric cancers involving the corpus or 
antrum. Other risk factors include chronic 
autoimmune atrophic gastritis, prior par-
tial resection of the stomach, adenoma-
tous polyps, Ménétrier ’s disease, as well 
as diet and genetic factors(37). 

The Western world continues to regard a 
subtotal or total gastrectomy as the stand-
ard treatment in patients diagnosed with 
early gastric cancers. The aim of treatment 
is the complete removal of the primary 
tumour and any regional lymph nodes 
that may be affected by the disease. In 
Japan, the treatment of choice in patients 
with early gastric cancers confined to the 
mucosa is endoscopic mucosal resection 
(EMR), a treatment method that is now 
beginning to gain wider acceptance in Eu-
rope(38).

Local endoscopic resection with curative 
intent is indicated in patients who fulfil 
the standard criteria: tumour is confined 
to the mucosal layer; tumour measures 
less than 2 cm; upon macroscopical exa-
mination tumour is polypoid (type I), 
elevated (type IIa), flat (type IIb) or de-
pressed (type IIc); tumour is well or mod-
erately well differentiated (G1/G2).
 
Local endoscopic therapy is associated 
with low morbidity and causes no reduc-
tion in the patient’s quality of life. It there-
fore provides a superior choice when com-
pared with surgery, particularly in  older 
patients and patients with considerable 
comorbidities(39, 40). 

Cervical Oesophagus 

A. carotis 
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Anatomical overview of the oesophagus
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EMR usually involves four different tech-
niques:
1. Submucosal injection followed by re-

section
2. Submucosal injection, followed by lif-

ting and resection
3. Cap-assisted resection (EMR-C)
4. EMR with ligation (EMR-L)

Polypoid lesions should be removed using 
a polypectomy snare, and after submu-
cosal injection. In the case of flat lesions, 
the recommendation is to use the same 
injection-assisted method as for polypoid 
lesions, or ‘cup-assisted resection’ with 
either cup-assisted or ligation-assisted 
techniques. At the start of the procedure, 
the exact area to be resected has to be 
identified and measured, and then marked 
around its margin, for instance using co-
agulation. The limitation of this procedure 
is the fact that only lesions of up to 2 cm 
can be resected in one piece. Tumour re-
currence is particularly common in cases 
where en bloc resection of the original tu-
mour proves impossible(38).

APC appears to be a safe and beneficial 
treatment option in patients with early 
gastric neoplasms and a high risk of se-
vere complications – irrespective of the 
level of experience of the physician per-
forming the procedure(41).

Curative local therapy should only be per-
formed in centres with a sufficient level 
of experience / number of procedures, par-
ticularly in patients who meet the exten-
ded criteria(38, 42, 43).

2.3  | RESECTION

2.3.1 | POLYPECTOMY

Polyps are macroscopically visible pro-
jections above the mucosal layer that are 
usually attached by a stalk. Only histo-
logical analysis is capable of determining 
whether they are benign or malignant. 
This is why polyps should be harvested 
individually and their exact location re-
corded(44).

Endoscopic polypectomy

Approximately 80 % colorectal cancers 
(CRC) develop from adomatous polyps. 
On average, it takes 10 years for a polyp 
to develop into an invasive CRC. Colono-
scopic polypectomy procedures reduce 
the incidence of CRC by up to 90 %(45).

The first endoscopic procedure to remove 
colonic polyps using a flexible device was 
performed 40 years ago at the University 
of Erlangen, Germany. This very procedure 
laid the foundations for the use of colo-
noscopy in the prevention of cancer(46).

DIFFICULT POLYP TIP

Morphology Sessile Submucosal injection

Size and shape

>10 mm Resection in one piece (except caecum)

<15 mm
Diluted epinephrine, piecemeal 
 resection, EMR or ESD

Large (>30 mm), on fold, carpet-like, 
 lobular or serrated

APC

Large head Inject diluted epinephrine into head

Pedunculated (if large)
Endoclips / endoloops

Thick pedicle

Total number Multiple polyps
Harvest individual polyps and send to 
histology 

Localisation / positioning

Right colon, caecum Do not use hot biopsy forceps

Situated behind folds Start with injection at distal margin

Endoscope difficult to position

Change to 5 o’clock position

Change patient’s position

Abdominal pressure

Spasmolytics (e. g. butylscopolamine)

Use air aspiration prior to grasping the 
polyp

Resection on forward movement: small 
polyp,
Resection on backwards movement: 
large polyp

Increased colon motility Mark polyp position with ink
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The decision as to whether a patient 
needs to undergo endoscopic polypectomy 
depends on the nature and extent of their 
clinical symptoms (occult blood or visible 
bleeding, occlusion) and / or the need for 
early cancer screening and cancer preven-
tion(47, 48).

Polypectomy is a pain-free procedure that 
involves the use of electronic forceps or an 
electronic snare. Once inserted through an 
endoscope, these tools can be used for a 
number of different techniques, or for en-
doscopic mucosal resection (EMR) Selec-
tion of the technique to be used depends 
on the type of polyp involved. All tech-
niques involve cauterisation of the site of 
polypectomy to prevent bleeding.

Nine steps need to be followed for suc-
cessful polypectomy(49)

1. Locate the polyp
2. Analyse polyp’s shape
3. Determine polyp’s size
4. Analyse polyp’s surface
5. Determine total number of polyps
6. Position the polyp before commencing 

resection
7. Determine resectability using endo-

scopic methods
8. Use submucosal injection (injec-

tion-assisted polypectomy)
9. Appropriate skill level regarding the 

use of clips and / or endoloops 

The aim of every procedure should be the 
complete removal of a polyp. This is es-
sential as remaining sections could con-
tain evidence of high-grade intraepithelial 
neoplasia or cancer(44). For this reason, 
a standardised procedure should be fol-
lowed(49):

Polyps <5 mm should be resected com-
pletely using forceps. If using hot biopsy 
forceps, the polyp should be lifted as far 
from the colon wall as possible prior to 
starting coagulation(44). 

Polyps >5 mm should be resected com-
pletely using endoscopic snare excision. 
The use endoscopic snare excision for 
the removal of large polyps is contingent 
upon, as well as limited by, whether com-
plete resection is likely, and whether this 
can be achieved with a low risk of bleed-
ing or perforation(44). 

Alternative methods for the removal of 

polyps (open surgery or laparoscopic re-
section, rendezvous procedures, TEM, 
transnasal resection) should be consi-
dered in certain cases.

Endoscopic submucosal dissection (ESD) 

for en bloc resection of polyps is current-
ly undergoing testing, with a number of 
questions remaining unanswered.

DIFFICULT POLYPS
The term difficult polyp refers to any 
change in colonic mucosa that is flat or 
elevated in shape, and which is difficult to 
remove as a result of its size, shape or lo-
cation, but also refers to the total number 
of polyps present, as the risk of compli-
cations increases in line with the number 
and complexity of polypectomies.

There are nine important steps need to be 
followed to ensure successful resection of 
a colon polyp, particularly in the case of 
difficult polyps:
 
1. Locating the polyp: as the walls of the 

caecum, the ascending colon, and de-
scending colon are much thinner than 
elsewhere, polypectomies in these 

areas are associated with the highest 
levels of risk Over-insufflation with air 
should therefore be avoided during re-
section. This will reduce wall tension, 
and result in the polyp becoming eas-
ier to grasp / snare. Due to its high de-
gree of vascularisation, the rectum is 
particularly prone to bleeding follow-
ing resection.

2. Once the snare has been places 
around the polyp, the device should be 
kept at an appropriate distance from 
surrounding tissue. It is also important 
to minimise any pressure exerted on 
the wall of the colon in order to ensure 
that the HF current can pass safely 
across the base of the polyp.

3. Submucosal injections should be used 
on all polyps situated on the surface 
of folds, larger polyps situated bet-
ween two folds, and polyps that ex-
tend across two folds, in order to pre-
vent deep lesions or perforations. In 
the case of larger polyps (>15 mm), 
it may be preferable to use piecemeal 
mucosal resection or endoscopic sub-
mucosal dissection (ESD).

Aorta

A. mesenterica superior

A. colica media

A. colica dextra

A. ileocolica

A. iliaca communis

A. iliaca interna

A. rectalis superior

A. rectalis media

Arc of Riolan

A. mesenterica inferior

A. colica sinistra

Aa. sigmoideae

A. pudenda interna

A. rectalis inferior

Anatomical overview of the colon
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 4.  Great care should be taken when 
treating polyps >20 mm, particularly 
if dealing with flat or sessile polyps. 
Treatment should follow submucosal 
injection, as this technique increa-
ses the chances of complete resection 
down to healthy tissue. In the case 
of pedunculated polyps, resection-
ing technique is mainly determined 
by polyp shape (thin, thick, short, or 
long). However, polyp removal should 
also aim to be complete and down to 
healthy tissue(49).

 
5. The first EMR procedure is an impor-

tant predictor of outcome in patients 
with sessile colorectal polyps sized 
20 mm or larger, with previous at-
tempts representing a significant risk 
factor in terms of the procedure’s over-
all efficacy. In spite of this, endoscopic 
therapy remains a safe and effective 
option in the treatment of sessile co-
lon polyps , and allows the detection 
of lesions that are at increased risk of 
submucosal abnormalities(50).

6. Ulcerated polyps and polyps that have 
abnormal tissue or vascular patterns 
should not be resected, unless the 
procedure is aimed at debulking.

7. Macroscopically, there is no clear evi-
dence of malignant changes.

8. A polyp’s positioning may make its re-
moval difficult. The endoscope should 
therefore be moved to the 5–6 o’clock 
position, to allow easier positioning 
of the different devices (e. g. snare). 
For this, the endoscope’s shaft should 
remain straight, and an additional per-
son may be needed to hold it to prevent 
the tip from twisting. Polyp removal 
during retraction, pressure on the pa-
tient’s abdomen, and altering the pa-
tient’s position can all have a positive 
impact on the outcome of a resection 
procedure. In rare cases, successful 
resection of a difficult-to-reach polyp 
can be achieved with retroflexion, the 
use of a gastroscope, or the use of the 
double-scope technique.

9. If multiple polyps are present, not 
more than 10 polyps should be re-
moved in a single session, and each 
polyp should be harvested individual-
ly, and sent for histological analysis.

Submucosal injection – this procedure 
should be used in all sessile polyps 
>15 mm in diameter. Generally speaking, 
this technique is suitable for all polypec-
tomy procedures, with its use allowing for 
greater distance between base and sero-
sa, thus reducing the risk of perforation, 
bleeding and thermal injury to the gut 
wall. 

Possible injection fluids are saline, a 50 % 
dextrose with saline solution, saline with 
methylene blue, sodium hyaluronate, fi-
grinogen and hydroxypropyl methylcellu-
lose (HPMC), or a mixture of saline and 
epinephrine (1:10.000). Injection solu-
tions containing epinephrine must not be 
used in the caecum due to the risk of in-
ducing ischaemic colitis. 

In the case of polyps with a large head, 
the epinephrine mix can be used to reduce 
the head’s size prior to removal (Hogan 
technique). Doing so will also reduce 
bleeding during resection.

Where complete resection proves impos-
sible, APC can be used to treat any re-
maining sections, either as part of the 
same or a subsequent session. The power 
setting for APC should be between 20 W 
(caecum) and 60 W (descending colon, 
rectum)(49).

2.3.2 | ENDOSCOPIC MUCOSAL 
  RESECTION (EMR)

EMR is an endoscopic procedure that is 
used to remove an organ’s mucosal layer, 
for instance in cases where the complete 
removal of a tumour is required to cure 
malignant disease.

Lower GI 

Upper GI

The EMR procedure

Endoscopic mucosal resection (EMR) can 
be used to resection flat lesions. Lesions 

that are completely depressed should 
gene rally be treated surgically, not endo-
scopically. As the majority of such lesions 
are beyond the T1 stage of early invasive 
cancers, radical endoscopic resection (R0) 
is very rare. One indication of this is failure 
of the polyp to lift away from the colon 
wall (non-lifting sign)(44).

By definition, every polypectomy proce-
dure is a mucosal resection because the 
main aim of the procedure is to remove 
the lesion in its entirety. The rate of en 
bloc resections is higher for pedunculated 
polyps than for sessile or flat polyps.

EMR makes it possible for the polypec-
tomy procedure to include enough of the 
tissue surrounding the the neoplasm. Re-
sults can be further improved by submu-
cosal injection, a technique that prevents 
undesirable effects on the surrounding 
tissue when using APC or HF currents(49).

2.3.3 |  ENDOSCOPIC SUBMUCOSAL 
  DISSECTION (ESD)

ESD is a modification of EMR, and repre-
sents a new technique for the resection of 
superficial neoplastic lesions of the gas-
trointestinal tract that also allows the en 
bloc resection of large early gastric can-
cers. Although originally developed for 
use inside the stomach, the technology’s 
current primary use is for colorectal pro-
cedures. The advantages of en bloc resec-
tion are improved healing and improved 
histological diagnosis, which can have a 
critical impact on the patient’s individua-
lized treatment regimen.

When ESD is used in the gastric area, the 
risk of perforation is greatest in the upper 
section of the stomach. An increase in the 
length of the procedure is associated with 
a slight increase in the risk of bleeding, 
which is also seen in patients aged >80 
years(51).

In Europe, areas of application remain 
limited to procedures involving the cae-
cum and the ascending colon. 
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The ESD procedure

In terms of technological differences, the 
main distinguishing feature between ESD 
on the one hand, and polypectomy and 
EMR on the other, is the use of a distal 
attachment (cap), and the use of various 
different knives and haemostatic devi-
ces(49, 52).

2.3.4 | PIECEMEAL POLYPECTOMY

The most important feature of piecemeal 
polypectomy is the generous use of the 
submucosal injection technique, which 
ensures a sufficient distance between the 
mucosa and deeper tissue layers. 

There are no specific recommendations 
in relation to piecemeal polypectomy. The 
procedure is recommended for the treat-
ment of sessile of flat polyps >20 mm. 
Resection should be started at the pro-
ximal end of the polyp, and finish at the 
distal end. For very large polyps, there are 
no firm and fast rules as to the number of 
sections of the polyp that can be removed 
in one session. Sessile, flat and lateral-
ly-spreading polyps between 15 mm and 
25 mm in diameter can usually be resec-
ted as two or three separate pieces(49).

Following piecemeal resection, small are-
as of neoplastic tissue may remain along 
the resection margin. As this is far from a 
rare occurrence, a treatment optimisation 
strategy involves submucosal injection fol-
lowed by APC immediately after polypec-
tomy, or shortly thereafter(19, 54).

2.3.5 |  ENDOSCOPIC FULL-THICKNESS 
 RESECTION

A new technique was developed to deal 
with cases involving the colon and rectum 
and requiring endoscopic full-thickness 
resection (EFTR) of neoplastic lesions (for 

instance broad-based adenomas, early 
cancers, repeat resections necessary to 
achieve a clear resection margin, endo-
scopic mucosal resection (EMR), or en-
doscopic submucosal dissection (ESD)(53). 

The EFTR procedure

The technique combines a clip-based 
electrosurgical resection procedure for 
full-thickness resection with a procedure 
for the collection of tissue samples. It is 
based on the OTSC (Over-the-Scope Clip) 
system and, when used on suitable le-
sions of the colon and rectum, allows the 
removal of all of the layers of the gastro-
intestinal wall, including the serosa. The 
design of the endoscopic full-thickness re-
section system ensures that transection of 
the bowel wall only occurs once a secure 
seal has been established around its base. 
As a result, the device never enters the 
abdominal cavity, thus minimising the risk 
of complications from peritonitis following 
the procedure.

2.4 | INCISION

2.4.1 | PAPILLOTOMY

The term papillotomy refers to a proce-
dure that is performed during endoscop-
ic retrograde cholangiopancreatography 
(ERCP), and is used to gain access to the 
bile and pancreatic ducts. The procedure 
involves the partial or complete division 
of the sphincter situated on the major 
duodenal papilla / hepatopancreatic am-
pulla, and provides access for other en-
doscopic procedures, such as the removal 
of gall stones. Trauma to the pancreatic 
duct should be kept to a minimum, as 
post-ERCP pancreatitis is a much-feared 
complication of the procedure and is to be 
avoided at all cost(55).

The papillotomy procedure

When locating the bile duct / pancreatic 
duct, the papillary orifice should be exam-
ined and monitored for possible biliary se-
cretions. Cannulation will usually involve 
the use of a catheter or a papillotome. 
Increasingly, this procedure is performed 
using a papillotome with guide wire. This 
is because purely diagnostic ERCP proce-
dures are gradually becoming less com-
mon, and because a papillotome can be 
used to prepare subsequent treatment 
steps(55). Visualisation of the common bile 
duct is also possible, and is achieved by 
injecting a contrast agent. Pre-cut papillo-
tomy offers an alternative in cases where 
cannulation proves unsuccessful.

PRE-CUT PAPILLOTOMY USING A PRE-
CUT PAPILLOTOME OR NEEDLE KNIFE
The term pre-cut papillotomy refers to a 
procedure that is used to create an ope-
ning in the papillary roof, which allows 
easier identification of the relevant ducts, 
and is used when cannulation of the bili-
ary duct / pancreatic duct, has proved un-
successful.

The needle knife facilitates difficult can-
nulation, and remains the surgeon’s first 
choice for such procedures.

The advantage of a pre-cut papillotome, in 
particular if it is a twistable model, is that 
its tip is easier to position on the papil-
la. This means that in complex cases the 
device can be used to assist with manipu-
lation. Use of a guide wire improves accu-
racy, and makes it is easier to identify the 
relevant duct without the need to resort to 
a contrast agent(55). When performed with 
a pre-cut papillotome and a soft guide 
wire, the procedure is safe and effective 
in patients with difficult-to-access bile 
ducts, where conventional sphincterotomy 
or needle knife papillotomy have failed(56).
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2.4.2 |  ZENKER’S DIVERTICULUM

Zenker’s diverticulum is an outpouching 
at the posterior wall of the hypopharynx 
that forms a large false diverticulum. It 
is the most common type of oesophage-
al diverticulum, and mainly affects older 
men. Zenker’s diverticulum develops in 
the posterior part of the Killian triangle, 
usually on the left, and close to the upper 
oesophageal sphincter(37).

Treatment options for Zenker’s diverticu-
lum include open surgery, as well as endo-
scopic procedures with a rigid or flexible 
endoscope.

Endoscopic procedures involve the sur-
gical sectioning of the cricopharyngeus 
muscle (cricopharyngeal myotomy) which, 
during the endoscopy procedure, appears 
as a septum between the oesophageal lu-
men and the diverticulum.

Flexible endoscopic therapy has proved 
particularly useful in the treatment of 
 older patients with multiple comorbi-
dities, as the procedure does not usually 
require patients to be intubated for anaes-
thesia. Treatment usually involves a mini-
mally-invasive procedure, results in low 
recurrence and complication rates, and is 

generally provided on an outpatient basis, 
or involves only a short stay in hospital. 
Oesophageal perforation is the most com-
mon complication to occur during the pro-
cedure(57–59).

While the majority of authors recommend 
the use of flexible endoscopy be limited to 
patients with multiple comorbidities, the 
procedure is becoming increasingly more 
common among all symptomatic patients. 
Several case series have demonstrated 
flexible endoscopy procedures to be both 
safe and effective(58).

There are two main options when per-
forming cricopharyngeal myotomy:
 
NEEDLE KNIFE PAPILLOTOMY: 
Needle knife papillotomy has proven track 
record even in severely ill patients(60).

ARGON PLASMA COAGULATION (APC):
If equivalent results are to be achieved, 
patients will require an average of 2–3 
sessions. However, the early ignition-fea-
ture of the ARC Plus series further reduces 
the risk of oesophageal perforation(61).

According to currently available data, none 
of these treatments can be regarded as be-
ing intrinsically better than the rest(58).

2.4.3 | ACHALASIA

Achalasia is a muscular motility disorder, 
in which the muscles of the lower part of 
the oesophagus (oesophageal sphincter) 
no longer function properly.

Achalasia can be divided into three stag-
es, with a gradual worsening of symptoms 
associated with each stage (I through III).
• Stage I – hypermotile form (hypermo-

tile = overactive)
 The oesophagus continues to func-

tion, producing high-pressure waves 
to overcome the excessive pressure in 
the lower oesophageal sphincter.

• Stage II – hypomotile form (also re-
ferred to as ‘bird beak’ appearance)

 The muscles of the oesophagus start 
to lose tone, and the oesophagus be-
comes increasingly dilated.

• Stage III – amotile form (amotile = 
non-moving)

 End-stage achalasia. The oesophagus 
has effectively become a tube of limp 
muscle that is ‘suspended’ within the 
mediastinum. The oesophagus is dys-
functional and is completely amotile.

TREATMENT OPTIONS:
Balloon dilation

A balloon catheter is used to physically di-
late (balloon dilation) the lower oeso pha-
geal sphincter, tearing the muscle of the 
lower oesophageal sphincter, thus making 
it possible once more for food to pass into 
the stomach. The procedure is usually 
pain-free, as it is performed as part of a 
gastroscopy, and under sedation. 

Surgical treatment options 

A surgical treatment option that is becom-
ing increasingly more common is Heller ’s 
myotomy, a laparoscopic procedure that 
can achieve the permanent relief of symp-
toms. 

POEM 
A new technique for the treatment of swal-
lowing disorders (in particular achalasia) 
that is available now is ‘per-oral endosco-
pic myotomy’ (POEM)(62, 63).
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The POEM procedure

The procedure involves the creation of a 
submucosal tunnel in the distal oesopha-
gus, which is then used to cut the inner 
circular muscle in order to remove the 
cause of the narrowing. The opening in 
the oesophagus is then closed using en-
doscopic closure techniques. The proce-
dure results in normal swallowing being 
restored.

2.5 | TUMOUR DEBULKING1 AND 
 ABLATION

2.5.1 | TISSUE NECROSIS – APC

Both tissue necrosis and shrinkage 
achieved through APC are used in the 
treatment of tumours and obstructive tis-
sue. In early-stage tumours, where the de-
sired effect is the destruction of tissue, the 
overall effect can be enhanced through 
the mechanical removal of tissue. 

The technology can also be used to co-
agulate and desiccate tissues in cases of 
obstruction caused by excess or swollen 
tissue, or where the cancer is untreatable. 
If used at higher outputs, the technology 
can also be used to achieve thermal car-
bonisation and / or vaporisation.

In the field of gastroenterology, this tech-
nology can therefore be used for the treat-
ment of malignant tumours and metasta-
ses(65).

2.5.2 | TREATING TUMOURS – APC

Treatment strategies depend upon both 
the size and location of the tumour, as 
well as other relevant factors, and can in-
volve either its removal or gradual reduc-
tion in size. Both strategies can make use 
of several different options.

In the right colon, where the colonic wall 
is thin, a power setting of 40W should not 
be exceeded(19). 

APC for tumour

APC is mainly used for the palliative treat-
ment of patients with larger tumours of 
the oesophagus, stomach, or rectum. (The 
generator must be used on its maximum 
setting in order to achieve sufficient ab-
lation.)(19)

As BOWA HF generators require only low 
energy outputs for both ignition and treat-
ment, excellent results can be achieved 
even at low energy outputs of between 
5–10 W(66, 67).

SMALL TUMOURS <15 MM
APC can be used for the curative treatment 
of smaller malignant tumours / early-stage 
cancers. For this, the Argon Flexible mode 
should be selected, as the Argon Pulsed 
mode cannot guarantee accurate targeting 
of the tumour, and is therefore associated 
with a higher risk of causing tissue ne-
crosis in surrounding tissues. For treat-
ment optimisation, APC can also be used 
in combination with EMR or photodyna-
mic therapy (PDT), for which it used at a 
 power setting of between 80 and 90 W(19).

LARGE TUMOURS >15 MM 
The combination of APC and high-dose-
rate (HDR) brachytherapy can be more 
effective in the palliative treatment of pa-
tients with inoperable oesophageal cancer 
than APC alone. It also results in fewer 
complications and an improved quality of 
life when compared with either APC alone 
or different combinations of treatments(68).

The Argon Pulsed mode should be selec-
ted for this purpose. Effect setting 1 can 
be used by the inexperienced physician or 
when conditions are particularly difficult, 

while effect settings 2 and 3 are suitable 
if working at a faster pace. Power output 
is usually between 60 W and 80 W. When 
treating large tumours, several sessions 
may be necessary to kill and ablate all of 
the affected tissue.

2.5.3 | RECANALISATION OF 
  STRICTURES / STENOSES

Argon-plasma-coagulation (APC) or 
self-expanding metal stents (SEMS) can 
be used to restore swallowing in patients 
with gastro-oesophageal stricture due to 
adenocarcinoma(69).

In patients with complete bowel obstruc-
tion due to cancer or metastatic disease, 
and requiring debulking, APC can be used 
in place of high-risk emergency surgery to 
decompress the bowel(70). APC can prove 
successful in certain cases where other 
treatment methods, such as balloon dila-
tion and bougie dilatation, have failed and 
may therefore be taken into consideration 
as a potential treatment option(71).

2.6 | ADDITIONAL PROCEDURES

2.6.1 | OESOPHAGUS –
  MISCELLANEOUS

HETEROTOPIC GASTRIC MUCOSA 
(HGM) OR ‘CERVICAL INLET PATCH’:
A cervical inlet patch is a congenital tis-
sue anomaly that consists of ectopic gas-
tric mucosa at the level of, or just distal to 
the upper oesophageal sphincter.

The majority of patients with cervical inlet 
patch are asymptomatic.

Symptomatic patients report instances of 
acid-related complications such as oeso-
phagitis, ulcers, and strictures. These 
should not be overlooked during endosco-
py(72, 73).

APC treatment has been shown to eradi-
cate symptoms, and achieves improve-
ments in globus sensation(74, 75).

2.6.2 | STOMACH – MISCELLANEOUS

OESOPHAGEAL LEIOMYOMA (EL) 
AND GASTROINTESTINAL STROMAL 
 TUMOUR (GIST):
Leiomyoma is a benign smooth muscle tu-
mour, and belongs to the group of benign 

1 Achieving a reduction in the size of the tumour using surgery, radiation, chemotherapy 

drugs, devascularisation or regional hyperthermia(64)
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mesenchymal tumours. These tumours 
are ubiquitous, and are found in all organs 
that contain smooth muscle.

Endoscopic dissection is problem-free in 
tumours with a diameter of up to 5 cm. 
The procedure does not result in major 
bleeding or perforation. Endoscopic the-
rapy is associated with shorter periods of 
hospitalization and lower treatment costs 
when compared with conventional me-
thods of treatment(76).
 
DUMPING SYNDROME AFTER ROUX-
EN-Y GASTRIC BYPASS SURGERY: 
Dumping syndrome is a well-recognised 
complication of Roux-en-Y gastric bypass 
surgery. The condition can be chronic, 
and is characterised by the rapid empty-
ing (dumping) of stomach contents into 

the small bowel. The ‘early’ form of the 
condition (10–20 minutes after eating) 
is associated with a variety of symptoms, 
including for instance nausea, dizziness, 
tachycardia, and even low blood pressure 
and hypovolaemia. The ‘late’ form of the 
condition is associated with symptoms 
typical of hypoglycaemia(77).

Treatment involves a combination of argon 
plasma coagulation, endoscopic suturing 
and fibrin glue, has a low complication 
rate, and can leave patients permanently 
free of symptoms(78).
 
CHRONIC GASTRO-OESOPHAGEAL RE-
FLUX DISEASE (GORD) 
Gastro-oesophageal reflux disease (GORD) 
is caused by a failure of the lower oeso-
pha geal sphincter, resulting in the reflux 

of stomach contents into the oesophagus. 
Consequences of the condition can range 
from a significant reduction in the pa-
tient’s quality of life to an increased risk of 
adverse health effects (such as ulceration, 
Barrett’s oesophagus, and the aspiration 
of stomach contents)(37).

This is why the symptom index threshold 
for exploratory endoscopy should be set at 
a low level.

This particularly applies to patients with 
’red flag’ symptoms (dysphagia, signs of 
bleeding, and weight loss), who should be 
referred for urgent endoscopy. An explora-
tory endoscopy allows pre-malignant and 
malignant changes to be detected early, 
and offers the option of organ preservation 
through local endoscopic therapy(79).
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Recommended settings for the various devices can be found in the table below. These may need to be adapted in line with the clinical 
situation and the specifications provided in the relevant professional guidelines. Please ensure professional guidelines are adhered to 
at all times.

3
OVERVIEW OF 
RECOMMENDED 
SETTINGS 

PROCE-
DURE

INDICATION 
TECHNOL-
OGY

INSTRUMENT MODE SETTING APPLICATION NOTES

P
O

LY
P

E
C

T
O

M
Y

Polyps <5 mm
Hot Biopsy 
forceps

GastroCOAG 10–30 W

Entire gastro-
intestinal tract

Injection needle: while 
injection if necessary 
with lower power / effect 
setting

Polyps >5 mm

Pre 
 coagulation

HF Snare

GastroCOAG 10–30 W
Right colon: start with 
rather lower effect and 
power setting

Ablation GastroLOOP

Effect 2–4

Large flat polyp: 
monofile snare or band 
snare recommended

Pediculated 
polyp

Effect 3–5

P
IE

C
E
M

E
A

L-
P

O
LY

P
E
C

T
O

M
Y

Difficult polyp, 
large flat polyp

E
R

C
P

Representation 
of the bile ducts, 
gallbladder and 
the pancreatic 
duct with X-ray 
contrast agent, 
Gallstone 
 removal

Papillotomy
Knife- / 
Needle- / 
Papillotome

GastroKNIFE Effect 2–4

Ductus choledochus

Difficult cannulation: 
Guidewire, needle 
 papillotome 

Precut 
Maneuver

Precut- 
Papillotome

Ductus 
 pancreaticus

B
IO

P
S
Y Removal of 
small colonic 
polyps

Hot Biopsy 
forceps

GastroCOAG 10–30 W
Removal of histology 
slides in the non-active 
mode

RECOMMENDED SETTINGS FOR GASTROENTEROLOGY*
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PROCE-
DURE

INDICATION 
TECHNOL-
OGY

INSTRUMENT MODE SETTING APPLICATION NOTES

E
LE

C
T
R

O
T
O

M
Y

Zenker 
diverticulum

POEM

Needle 
 instrument

GastroKNIFE Effect 2–5

APC Probe

Argon 
 flexible

30–60 W

Arg. flexible 
pulse

Effect 1–3,
30–80 W

E
M

R

Polyps

HF Snare /  
caps resection 
snares

GastroLOOP Effect 2–5

Entire gastro-
intestinal tract

Injection needle: while 
injection if necessary 
with lower power / effect 
setting

Haemosta-
sis

APC Probe

see APC

Marking

APC Probe

Needle 
instrument

GastroCOAG 10–30 W

Incision GastroKNIFE Effect 2–5

E
S
D

Benign tumors 
<4–5 cm
difficult polyps

Marking

APC Probe see APC

Entire gastro-
intestinal tract

Injection needle: while 
injection if necessary 
with lower power / effect 
setting

Needle 
 instrument

GastroCOAG 10–30 W

Incision GastroKNIFE Effect 2–6

Dissection

Haemosta-
sis

GastroCOAG 10–30 W

Hot Biopsy 
forceps

GastroCOAG 10–30 W

APC Probe see APC

A
P

C

Standard APC Probe

Argon 
 flexible

30–60 W

Stomach, 
 oesophagus

Gas Flow: 0,4 l / min

Arg. flexible 
pulse

Effect 1–3,
30–80 W

Argon 
 flexible

5–20 W

Small intestine, 
right colon

Arg. flexible 
pulse

Effect 1–3,
5–20 W

Argon 
 flexible

5–30 W

Colon transversum, 
left colon

Arg. flexible 
pulse

Effect 1–3,
5–30 W
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PROCE-
DURE

INDICATION 
TECHNOL-
OGY

INSTRUMENT MODE SETTING APPLICATION NOTES

A
P

C

Haemostasis

APC Probe

Argon 
 flexible

5–30 W

Gas Flow: 0,4 l / min

Marker
Argon 
 flexible

5–20 W

Devitalization

Argon 
 flexible

30–80 W
Barrett’s oesopha-
gus / carcinoma

Arg. flexible 
pulse

Effect 1–3,
30–80 W

Zenker’s diverticu-
lum, Barrett’s carci-
noma (palliative)

Tumor treatment

Small 
tumor 
<15 mm

Argon 
 flexible

30–80 W

Large 
tumor 
>15 mm

Argon 
 flexible

30–80 W

Arg. flexible 
pulse

Effect 1–3,
30–80 W

Stenting

Ingrowth, 
overgrowth

Argon 
 flexible

30–60 W

Trimming
Argon 
 flexible

40–80 W

Stenosis
Recanali-
sation, 
Debulking

Argon 
 flexible

30–50 W
Barrett’s cancer 
(palliative therapy)

Arg. flexible 
pulse

Effect 1–3,
30–50 W

Vascular 
 malformation

Argon 
 flexible

10–40 W GAVE syndrome 
(watermel-
on  stomach), 
 angiodysplasiaArg. flexible 

pulse
Effect 1–3,
10–40 W

*BOWA-electronic GmbH has used utmost 
care during creation. Nevertheless, errors 
can not be completely excluded.

From the recommended settings and the 
information and data contained therein no 
claims against BOWA can be derived. If 
any legal liability arise, so it is limited to 
intent and gross negligence.

All information on recommended settings, 
application sites and the use of instru-
ments are based on clinical experience. 
Individual centers and doctors favor re-
gardless of the stated recommendations 
other settings.

The figures are only approximate and 
must be verified by the surgeon for their 
applicability.

Depending on the individual circumstan-
ces it may be necessary to deviate from 
the details given here.

Due to ongoing research and clinical 
experience, the medicine is constantly 
evolving. Those are reasons why it can 
be useful to deviate from the information 
contained herein.
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4
DIAGNOSES AND 
 RECOMMENDED  
PROCEDURES

Specific procedures are typically used to treat specific diagnoses. The following table lists examples of procedures and their relevant 
diagnoses. Please note that it may be necessary to deviate from this information, and that this will depend on the clinical situation 
and the specifications provided in the relevant specialty’s professional guidelines. The relevant specialty’s professional guidelines must 
be adhered to at all times.
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Local excision and destruction of diseased oesophageal tissue 
(5-422)

Zenker’s diverticulum (K22.5)

(Endoscopic) sclerotherapy for oesophageal varices (5-429.1)

Ligation of oesophageal varices (5-429.2)

(Endoscopic) ligation (band ligation) oesophageal varices 
 (5-429.a)

Oesophageal varices (I85)

Diagnostic upper gastrointestinal endoscopy (1-630)

1 to 5 biopsies of the upper alimentary canal (1-440.a)

Multiple biopsies in upper gastrointestinal tract (1-440.9)

For diagnosis:

Barrett’s oesophagus (K22.7)

Endoscopic mucosal resection (5-422.23)

Endoscopic mucosal dissection [ESD] (5-422.24)

Barrett’s cancer (C15.2)

Benign oesophageal neoplasms (D13.0)

Partial oesophageal resection and restoration of gastrointestinal 
continuity (5-424)

Barrett’s cancer (applicable to tumours from category T1b, 
K22.7)

Destruction of diseased oesophageal tissue (endoscopy-based, 
5-422.5)

Cervical inlet patch (Q39.4)

Endoscopic mucosal resection (5-422.23) Malignant gastric neoplasms (C16, e. g. early gastric cancer)

Ligation or overstitching of gastric ulcer (5-449.5) Bleeding ulcer Forrest Ib-III (K25.0 (acute) or K25.4 (chronic))

Tissue-closure using endoclips or injection (5-449.d and 
5-449.e)

Gastric leak (other surgical complications not classified else-
where T81.8)

Closure of gastroscutaneous fistula (5-448.1) Persistent gastrocutaneous fistula (GCF) (K31.6)

Fundoplication (5-448.4) Severe cases of reflux (gastro-oesophageal reflux disease K21)

Destruction of diseased gastric tissue (5-433.5) GAVE syndrome (angiodysplasia of the stomach and small 
intestine with or without bleeding K31.81 or K31.82)

Diagnostic retrograde cholangiopancreatography (ERCP, 1-642) For diagnosis:

Jaundice, bile duct obstruction, pancreatitis, pancreatic cancer 

Division of pancreatic sphincter by incision (Papillotomy, 
5-513.1)

Gall stones (K80)

Snare polypectomy of 1-2 polyps (5-451.71)

Snare polypectomy of more than 2 polyps (5-451.72)

Endoscopic mucosal dissection [ESD] (5-451.74)

Polyps of small intestine (Benign neoplasms of sections of the 
small intestine not classified elsewhere D13.3)

Snare polypectomy of 1-2 polyps (5-452.21)

Snare polypectomy of more than 2 polyps (5-452.22)

Endoscopic mucosal dissection [ESD] (5-452.24)

Colon polyps (K63.5)

Oesophageal foreign body removal using flexible device 
 (8-100.6)

Oesophageal foreign body (T18.1)

PROCEDURE (AS PER OPS 2015  
(GERMAN PROCEDURE CLASSIFICATION SYSTEM))

DIAGNOSIS (AS PER ICD 10-GM  
(GERMAN MODIFICATION))
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5
FAQ – BOWA ARC  
IN GASTROENTEROLOGY 
PRACTICE

What are the settings required when 

 using snare devices?

When using snare-based devices / poly-
pectomy snares with a BOWA generator, 
the generator should be set to the Gas-
troLoop mode. In this mode, the operator 
can choose between 3 cutting speeds, de-
pending on the patient’s exact diagnosis 
and specifics of the procedure.

What are the settings required when us­

ing needle devices / papillotomes?

When using needle devices / papillotomes, 
the BOWA generator should be set to 
the GastroKnife mode. In this mode, the 
operator can choose between 3 cutting 
speeds, depending on the patient’s exact 
diagnosis and specifics of the procedure.

What needs to be done when using hot 

biopsy forceps?

Always select the GastroCoag setting 
when using endoscopic grasping tools 
with HF input, irrespective of the exact 
diagnosis and target areas involved. The 
operator can choose between different co-
agulation techniques, depending on the 
patient’s exact diagnosis and specifics of 
the procedure.

Would you recommend submucosal injec­

tion to lift the lesion?

BOWA recommends following the proce-
dures outlined in the relevant endoscopy 
guidelines. Depending on the type and lo-
cation of the lesion, submucosal injection 
can reduce the risk of perforation.

Is it necessary to use pre­coagulation 

 prior to ablation of a lesion?

Under normal circumstances, pre-coagu-
lation is not necessary because GastroCut 
has a coagulation feature. It may, how-
ever, be useful in specific situations (e. g. 
pedunculated polyp)

What exactly is BOWA GastroCut?

GastroCut is a special mode for endosco-
py procedures, It is characterised by in-
termittent, and clearly defined cutting and 
coagulation phases.

How does GastroCut control tissue ef­

fects?

Tissue effects can be controlled via differ-
ent effect settings. The higher the effect 
setting, the higher the coagulation effect.
 

Why are there no power settings with 

GastroCut?

Modern HF devices use automated power 
control, which means power is adjusted 
automatically depending on tissue charac-
teristics and the desired tissue effects

How is GastroCut activated?

GastroCut is a type of cutting mode, and 
is therefore activated via the yellow foot 
pedal.

What are the advantages of APC coag­

ulation?

Argon plasma coagulation (APC) is a 
non-contact technique that allows for 
easi er handling and offers maximum pro-
tection against the risk of perforation.

How does the EASY system work?

The EASY system controls dual electrode 
return pads and detects the partial detach-
ment of electrode pads. In the event of a 
malfunction, all monopolar input currents 
are deactivated, thereby minimising the 
risk of tissue burn at the electrode site.

A dynamic reference resistance value is 
selected when using the dispersal elec-
trode. If the resistance value at the disper-
sal electrode is detected as 50 % higher 
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than the reference value, the EASY sys-
tem will deactivate all monopolar input 
currents. At the same time, an alarm will 
sound and an error message will be dis-
played.

What is the purpose of the BOWA ARC 

CONTROL? 

The arc regulator is capable of adjusting 
the power output to the absolute mini-
mum required to achieve reproducible tis-
sue effects. This adjustment takes only a 
fraction of a second, and ensures that the 
current passing through the patient’s body 
is no higher than absolutely necessary.

Why is the initial cutting support input 

needed?

The high-energy output cutting support 
phase allows the current arc to start up 
immediately, thus ensuring the device is 
easy to operate and progress is smooth. 
Delivery of the high energy output is limi-
ted to the brief initial cutting support 
phase, and the current is adjusted down 
within a fraction of a second. The powerful 
technology required for this feature is avai-
lable with the ARC 400 and the ARC 350.

What are BOWA COMFORT leads used for?

RFID chips contained within the plugs al-
low devices to be identified automatically. 
This results in automatic pre-selection of 
all relevant parameters as soon as the ap-
propriate power output for the procedure 
has been activated.

Can BOWA leads be used with other de­

vices?

The leads were developed especially for 
use with BOWA ARC generators with 
COMFORT function, and are therefore not 
compatible with other devices.

Can the BOWA ARC generator be used for 

other clinical applications?

The BOWA ARC 400 is an electrosurgical 
device that is suitable for interdisciplinary 
use, and for all electrosurgical applica-
tions.

Can it be used with non­BOWA accesso­

ries?

Use of the appropriate connectors ensures 
all standard accessories can be used with-
out the need for adapters.

Can the BOWA ARC 400 be used to seal 

blood vessels?

BOWA offers a LIGATION feature for the 
ARC 400, as well as numerous re-usable 
instruments for laparoscopy and open sur-
gery procedures. 

How many times can BOWA leads be 

used?

All BOWA leads with instrument reco-
gnition are guaranteed for 100 autoclave 
cycles.

Each use is logged by the instrument, and 
the information available for retrieval. The 
user is liable for any use beyond the life-
time specified.

How can one tell if an instrument or de­

vice is re­usable or for single­use only?

All BOWA products intended for single-use 
only are clearly marked with the ‘single 
use’ symbol.

It is imperative that the relevant instru-
ment’s instructions for use be followed.
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