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Summary
Background: Endoscopic therapy of colorectal adeno-
mas and early cancers is a standard method. Besides on-
cological criteria, the method is limited by polyp loca-
tion, size, and texture. Method: Based on the current lit-
erature, technical modifications and developments in 
endoscopic mucosal resection are described. Results: 
Numerous approaches exist to improve the conditions of 
resection, including optimisation of mucosal elevation 
and modification of techniques, tools, and devices. Con-

clusion: Endoscopic therapy of sessile and flat colorectal 
polyps remains a challenge. Some of the presented 
modifications can help to address this challenge.
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Zusammenfassung
Hintergrund: Die endoskopische Therapie von kolorek-
talen Adenomen und Frühkarzinomen stellt eine Stan-
dardmethode dar. Neben onkologischen Kriterien ist 
diese Methode limitiert durch Größe, Lokalisation und 
Beschaffenheit der Polypen. Methode: Publizierte Neue-
rungen zur Optimierung der endoskopischen Therapie 
werden vorgestellt und diskutiert. Ergebnisse: Ansätze 
zur Verbesserung der Resektionsbedingungen existieren 
zahlreich. Zum einen wird versucht, die der Resektion 
vorausgehende Mukosaelevation zu optimieren, zum an-
deren werden Instrumente und Resektionstechniken mo-
difizert. Schlussfolgerung: Die endoskopische Therapie 
flächiger und großer Adenome im Kolorektum bleibt 
eine Herausforderung. Durch hier vorgestellte Modifika-
tionen kann eine Verbesserung der Resektionsbedingun-
gen und damit auch der Ergebnisse erreicht werden.

Introduction

Endoscopic polypectomy was first described over 40 years 
ago [1, 2]. Even at this first snare resection, a submucosal in-
jection with saline was performed for better handling of the 
snare and prevention of perforation and thermal damage to 
the deeper tissue layers [1, 3]. This combination of endoscopic 
snare resection with preceding mucosal injection quickly be-
came the standard method for the treatment of polyps and ad-
enomas, and Inoue et al. [4] and Soehendra et al. [5] coined 
the term ‘endoscopic mucosal resection’ (EMR) for flat le-
sions. While snare resection of pedunculated polyps is per-
formed safely in most cases, the risks increase especially with 
flat and sessile lesions and with increasing polyp size. In addi-

tion to technical complications such as perforation and bleed-
ing, the risk of incomplete ablation and recurrence grows [6]. 
From a size of 20 mm, the lesion usually cannot be resected in 
one piece (‘en bloc’) but must be removed in several frag-
ments (‘piecemeal’) (fig. 1). This fractional technique not only 
makes the histopathological assessment of the completeness 
of resection almost impossible but also increases the risk of 
recurrence [7, 8]. The goal is to improve endoscopic resection 
in such a way that wide and flat lesions can be accessed and 
removed safely. One approach is the use of different fluids for 
the generation of a submucosal fluid cushion. In addition, dif-
ferent resection devices and modified ablation techniques in-
cluding adoption of some principles of endoscopic submucosal 
dissection (ESD) have been described. 
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HA preparation was successfully used for safe and effective 
EMR for 33 lesions [16]. Conio et al. [17] compared normal 
saline solution, normal saline solution plus epinephrine, 50% 
dextrose, 10% glycerine/5% fructose in normal saline solu-
tion, and 1% HA. The experiments were performed in vivo, 
and flattening of the elevated areas was observed endoscopi-
cally and measured. HA showed the most consistent effect of 
elevation and saline solutions the shortest. The potential of 
sugar solutions was higher than that of the saline solutions. 
The authors recommend 50% dextrose solution as an alterna-
tive medium for injection, if a longer duration of the fluid 
cushion is desired and HA cannot be used because of the high 
cost. Hurlstone et al. [18] compared 174 patients randomised 
to dextrose solution or SH for en bloc resection of flat lesions 
of the colorectum. They concluded that EMR using dextrose 
solution was as effective as SH in terms of resection comple-
tion, recurrence rates, and complications. 

Plasma surrogates have also been investigated in other 
studies: Moss et al. [19] compared, in ex vivo conditions, the 
use of succinylated gelatine and normal saline solution in the 
colon and could achieve a 42% increase in surface area for en 
bloc EMR with gelatine. Katsinelos et al. [20] conducted a 
prospective, double-blind, randomised study that compared 
EMR after use of either 50% dextrose plus epinephrine or 
normal saline solution plus epinephrine to create the submu-
cosal fluid cushion. 92 sessile rectosigmoid polyps were re-
moved. Injected solution volumes and the number of injec-
tions needed to maintain submucosal elevation were lower in 
the dextrose group, and the submucosal elevations were of 
longer duration. The same group published 49 cases of later-
ally spreading tumours which were resected after randomised 
injection with either normal saline solution plus epinephrine 
or hydroxyethyl starch plus epinephrine. Starch injection re-
sulted in a more prolonged submucosal elevation and lower 
total procedure time than saline solution [21], according to re-
sults from our group [22].

Feitoza et al. [14] recommended hydroxypropyl methylcel-
lulose (HPMC) for submucosal injection. HPMC is a cellulose 
derivative and has similar viscoelastic properties as HA. The 
advantages of HPMC compared with HA according to the au-
thors are easy availability and significantly lower costs. A 

Mucosal Elevation

In the first polypectomy described, mucosal elevation was 
created by injections in order to avoid thermal injury to the 
deeper tissue layers [1, 3]. In larger and flat lesions, the prob-
lem is that the applied liquid quickly spreads to the surround-
ing tissue and the raised mucosa flattens before complete re-
section can be performed [9]. To avoid this problem, numer-
ous substances have been tested and described in the litera-
ture, through which the authors expected to obtain a 
longer-lasting fluid cushion in the submucosa. Especially in 
the colorectum, it is important to generate a fluid cushion be-
fore the use of cutting tools, because the wall layers are only a 
few millimetres thick. Therefore, perforations through pene-
tration of the instrument or grasping deeper layers with the 
snare can happen more easily than in the stomach [10]. In ad-
dition, a longer-lasting fluid cushion facilitates en bloc resec-
tion with resulting benefits. 

Substances Used for Injection

First modifications were made by changing the saline con-
centration and other additives such as epinephrine. In 1999, 
Yamamoto et al. [11] described for the first time the use of 
sodium hyaluronate (SH) for mucosal elevation. Since then, 
several studies have been published that confirm that SH is 
very well suited to this purpose [12, 13]. The authors empha-
sise that with SH a much more inert fluid cushion can be cre-
ated. SH has a high viscosity and is clinically used, for exam-
ple, for intra-articular injection in osteoarthritis. It is an en-
dogenous substance and therefore not antigenic. Due to the 
high viscosity, it is difficult to inject; also, special storage con-
ditions have to be considered. The most serious disadvantage 
of SH is the high price of the substance, which hinders a wide 
range of applications [14]. Therefore, several study groups 
have investigated the possibility of diluting highly concen-
trated hyaluronic acid (HA) and using it in a mixture with 
other substances for injection to reduce the high cost and at 
the same time not abandon the convenience of this substance 
for EMR [15, 16]. An inexpensive, over-the-counter 0.15% 

Fig. 1. Flat adenoma of the rectum before (a) 
and after (b) piecemeal EMR.
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standard long-tapered tip ERCP (endoscopic retrograde 
cholangiopancreatography) cannula and a flushing pump 
[33]. In a first publication, the authors could reproduce the 
selective accumulation of the applied fluid in the submucosa 
in 34 lesions of the colon. An adequate submucosal fluid 
cushion was achieved in all but one case. In a second publica-
tion, the authors compared the self-assembled hydro-jet sys-
tem to standard needle injection [34]. The hydro-jet system 
was as effective and safe as standard needle injection for tis-
sue elevation prior to endoscopic resection, but it was signifi-
cantly faster. 

Resection Techniques

Snare resection represented the beginning of therapeutic 
endoscopy, developed for the removal of small pedunculated 
polyps. This technique represented a completely new method 
of endoscopic therapy, and after its introduction in 1971 it be-
came widespread. Further advances were made along the 
way. In 1976, Martin et al. [35] described a ‘lift-and-cut biopsy 
technique’ using a two-channel endoscope. In 1992, Inoue et 
al. [4] published their ‘cap-EMR’. For targeted stepwise endo-
scopic dissection, a new instrument was developed from the 
papillotome used in ERCP. Cipolletta et al. [36] used the nee-
dle knife for cutting stronger pedunculated polyps in the 
colon. An advancement of the needle knife is the insulated-tip 
(IT) knife; the tip of the instrument is insulated with a ceramic 
ball to prevent penetration into deeper layers. Already in 
1999, Gotoda et al. [37] had described the use of the IT knife 
in 2 patients with flat tumours of the rectum. After saline in-
jection, incision of the mucosa was performed with a needle 
knife, and then the tumour-bearing mucosa was successfully 
resected en bloc using the IT knife. From this technique, in 
which the stepwise preparation within the submucosa is essen-
tial, the concept of ESD was developed [7, 11]. As with EMR, 
stable fluid cushions in the submucosa are crucial. The details 
of ESD and innovations in this field will not be further dis-
cussed in this article. 

For successful EMR, it is important to reduce wall tension 
by suction of air prior to closing the snare, in order to achieve 
a better grasp of the lesion. After this manoeuvre, the intesti-
nal lumen is re-insufflated and the grasped tissue has to be 
checked. Then, the actual cut can be done by diathermy, while 
the examiner must press the catheter of the snare deep into 
the wall so that the lesion remains completely enclosed.

The transition from EMR to ESD is variable and there are 
combinations of different methods described. Yahagi et al. 
[38] treated 59 gastric lesions after injection initially with cir-
cular incision around the tumour-bearing mucosa with the tip 
of a high-frequency (HF) loop; then the mucosa connected to 
the underlying surface was resected with the fully extended 
snare. The mean specimen size was 29 mm, and the rate of en 
bloc resected tumours was 95%. Sakamoto et al. [39] de-

study carried out on pigs showed that with a 0.83% HPMC 
solution, long-lasting fluid cushions (up to 45 min) could be 
generated [14]. Meanwhile, the feasibility of its use was also 
described in clinical use: Arantes et al. [23] used HPMC for 
resection of 36 lesions in both the upper and lower gastroin-
testinal (GI) tract. Complete resection was successfully com-
pleted in 89%. HPMC solution (0.4%) provided an effective 
submucosal fluid cushion and was safe for endoscopic resec-
tion of early neoplastic GI lesions. Arezzo et al. [24] con-
ducted EMR after injection with 0.8% HPMC on 27 flat, ses-
sile, or laterally spreading colorectal lesions of up to 60 mm. 
Injection of HPMC for EMR was performed safely and effec-
tively, allowing en bloc resection in the majority of cases (n = 
21 (78%)) and with a limited number of complications. How-
ever, other authors reject HPMC for injection as it is a syn-
thetic product and may have antigenic potential [15]. 

There are other proposals for synthetic substances for in-
jection: Tran et al. [25] presented an injectable drug-eluting 
elastomeric polymer (iDEEP), and Chandrasekhara et al. [26] 
described a submucosal lifting gel consisting of a combination 
of biocompatible components. Detailed experience with these 
materials is missing.

In contrast to these synthetic substances, Giday et al. [27] 
investigated the possibility of using the patient’s own whole 
blood as an injection medium. Six different substances were 
compared for their elevation potential in vivo. Blood produced 
the most durable cushion compared with standard agents. It 
also had the advantages of being readily available and without 
cost. In the same year, Sato [28] published 35 polypectomies 
performed as blood patch EMR in 28 patients. Also, Al-Taie 
et al. [29], after ex vivo comparison of several substances, 
came to the conclusion that whole blood was more effective in 
generating long-lasting mucosa elevation than any other com-
monly used solution. Here, however, there is at least theoreti-
cally the disadvantage that the applied blood can restrict the 
endoscopic view or bleeding can be easily overlooked.

Application Methods

Another approach to generating longer-lasting fluid cush-
ions is the use of a water jet dissector instead of needle injec-
tion, which was investigated by our study group [30]. We 
showed that a water jet dissector placed directly on the mu-
cosa resulted in selective deposition of liquid in the submucosa 
followed by mucosal elevation (lift-off). After animal studies 
and comparison of different injecting solutions [22, 31], we 
presented the first data from clinical application [32]. A total 
of 59 patients underwent resection of 70 lesions with a maxi-
mum diameter of 80 mm (mean 27 mm). Submucosal elevation 
with the water jet dissector was possible in all cases. Of the 70 
lesions, 64 (91%) were resected completely in one session. 

A study group from Italy followed the same principle by 
developing a self-assembled hydro-jet system connecting a 
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rectal carcinoid tumours of <10 mm using an EMR technique 
with band ligation of the tumour (EMR-B) prior to snare 
resection. 

Another approach to improve the results of resection was 
presented by Binmoeller et al. [47]: the authors described a 
novel method of water immersion (‘underwater’) EMR 
(UEMR) that dispenses with submucosal injection. UEMR 
was performed in 60 patients with 62 large sessile colorectal 
polyps. Before EMR, air was evacuated and up to 1 l of water 
infused until complete filling of the lumen was achieved. Af-
terwards, marking and resection were performed. Complete 
resection was successful in all patients without early complica-
tions. The mean polyp size was 34 mm, and the mean resec-
tion time was 21 min.

Conio et al. [48] reported their experience with cap-as-
sisted EMR (EMR-C) for colorectal polyps. This is rarely per-
formed because of the risk of entrapping the muscularis pro-
pria in the snare. In a prospective study of consecutive pa-
tients, a total of 146 sessile polyps and 136 laterally spreading 
tumours were treated with EMR-C. No perforation occurred, 
but a disadvantage of the technique is that the resection is 
piecemeal. 

Miscellaneous

Recently, some other improvements for EMR have been 
described. Park et al. [49] investigated in a prospective, ran-
domised, controlled trial the use of cap-assisted colonoscopy 
(CAC). In 329 patients, the authors compared total procedure 
time, time required for EMR of each polyp, and missing polyp 
rate for CAC and regular colonoscopy. Their conclusion was 
that CAC is a safe, simple, and inexpensive technology that 
could reduce the time required for EMR of a polyp and may 
improve polyp detection, especially when multiple colorectal 
polyps have been seen on previous colonoscopy.

To improve the colonoscopic access for mucosal resection in 
the sigmoid colon, a special cuff was developed. Tsiamoulos et 
al. [50] published their experience with this device which helps 
to anchor the tip of the colonoscope against the bowel wall to 
provide a stable platform of access. EndocuffTM (Diagmed 
Healthcare Ltd., Northallerton, North Yorkshire, UK) appears 
to improve access in the sigmoid colon by flattening colon folds 
and manipulating them away from the field of forward view.

Several techniques like coagulation, argon plasma, and en-
doclips exist for haemostasis during and after EMR. As an al-
ternative, a new polysaccharide haemostatic system (Endo-
ClotTM; EndoClot Plus Inc., Santa Clara, CA, USA) was re-
cently developed for control of bleeding in GI tract endo-
scopy. Huang et al. [51] presented their findings on the effect 
of bleeding control after EMR in the colorectum. EndoClot™ 
showed rapid bleeding control even in relatively large lesions 
and severe bleeding, and might be a useful alternative in 
treating bleeding endoscopically.

scribed a similar technique of EMR with circumferential inci-
sion (CEMR): 24 colorectal neoplasms of >20 mm were first 
incised with an IT knife, then the snare resection was accom-
plished. The proportions of en bloc and two-piece resections 
by CEMR were 67 and 17%, respectively. Moss et al. [40] de-
scribed the technique of circumferential submucosal incision 
(CSI-EMR) with an IT knife prior to EMR. The efficacy and 
safety of CSI-EMR was compared with conventional EMR 
for en bloc resection in a porcine model. CSI-EMR was safe 
and superior to conventional EMR, consistently resulting  
in en bloc resections larger than 50  40 mm. Lee et al. [41] 
named these techniques endoscopic mucosal resection precut-
ting (EMR-P) and evaluated it compared with EMR and 
ESD: 523 non-pedunculated colorectal tumours of 20 mm or 
larger were removed with EMR, EMR-P, or ESD. The en 
bloc resection rates were 42.9% (EMR), 65.2% (EMR-P), 
and 92.7% (ESD), and the complete resection rates were 
32.9% (EMR), 59.4% (EMR-P), and 87.6% (ESD). 

Recently, the use of a double-channel endoscope was 
tested again to reduce the gap between EMR and ESD with a 
different approach: with a tissue anchor device the mucosa is 
specifically drawn to the resection snare. First, in an ex vivo 
study, the authors achieved 90% (9/10) complete en bloc re-
sections with the grasp-and-snare technique [42]. They dem-
onstrated an improved time efficiency of this method com-
pared with ESD. In another publication, this tissue-anchoring 
EMR (TA-EMR) was compared with ESD and forceps precut 
EMR (FP-EMR) in a randomised ex vivo study [43]. The 
overall mean dissection time of both TA-EMR and FP-EMR 
was significantly shorter than that of ESD. The en bloc resec-
tion rate of ESD was 100% and the en bloc resection rate of 
TA-EMR (84.0%) was higher than that of FP-EMR (60.0%), 
but this was not statistically significant.

Dauser et al. [44] described traction-assisted EMR with a 
single-channel endoscope: a haemostatic clip tied to a silk su-
ture was applied to the base of the lesion to allow traction 
through the working channel of the colonoscope. Then, a con-
ventional polypectomy snare was mounted over the suture, 
and the lesion was pulled into the snare and resected in one 
piece. With this technique, 12 colorectal lesions were resected 
en bloc. The visualisation of colorectal lesions in less accessi-
ble locations could be improved as well. 

In order to allow a better grasp of the snare, Prosst et al. 
[45] evaluated a modified snare with special barbs: in an ex 
vivo study, this snare with special teeth attached to the distal 
part of the wire loop was evaluated and compared with a con-
ventional snare. 70 artificial sessile tumours were created in a 
porcine colon. It was shown that the modified snare could re-
move 31% more tissue with a single snare resection in com-
parison with the conventional snare without teeth. The teeth 
obviously increased the effectiveness of snare resection by 
avoiding the accidental loss of entrapped tissue from the loop.

Choi et al. [46] reported a complete resection rate compa-
rable to that of ESD and a shorter procedure time with small 
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size of the lesions that can be endoscopically treated has in-
creased. The potential value of ESD for colorectal lesions 
compared with high-quality EMR is under debate. For daily 
routine, it can be assumed that unnecessary colonic surgery 
can be avoided if available endoscopic techniques for the 
complete removal of colorectal adenoma are fully exploited. 
Known risks, such as incomplete removal, bleeding, and per-
foration, may be reduced due to the new instruments. How-
ever, like most surgical procedures, EMR and ESD also re-
quire an experienced physician for the procedures to be safe. 
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Conclusion for Clinical Practice

In summary, a variety of substances have been proposed as 
an alternative to saline solution for mucosal injection before 
resection, but there is still no clear favourite among the meth-
ods in wide clinical use. While HA yields better elevation than 
other substances, routine use, especially in Europe, is incon-
ceivable at the moment, solely because of the high cost. Basi-
cally, higher molecular weight substances appear to be suita-
ble to produce long-lasting fluid cushions. Whether plasma 
surrogates such as starch or gelatine or synthetic substances 
such as HPMC are going to be used, is left to the investigator. 
The water jet seems to be a promising tool for effective and 
fast EMR. Even with the technical developments and modi-
fied resection techniques, there are numerous interesting ap-
proaches. With technical advancement in recent years, the 
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