
289

Videosurgery

Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

RCT

Address for correspondence

Paweł Bogacki MD, Department of Surgery, Jagiellonian University, Krakow, Poland, phone: +48 667177677,  

e-mail: pawelbogacki1@gmail.com

Introduction

Colonoscopy is the most commonly performed 
endoscopic examination worldwide and is consid-
ered the gold standard for colorectal cancer (CRC) 
prevention [1]. CRC screening has been successful in 
reducing colorectal cancer incidence and mortality by 
increasing the proportion of lesions diagnosed at an 
early stage and facilitating removal of pre-neoplastic 

lesions [2]. The quality of endoscopic examination 
and treatment is affected by a  number of factors 
that are verified by recognized parameters such as 
cecal intubation rate (CIR) and cecal intubation time 
(CIT), withdrawal time (WT), polyp detection rate 
(PDR) and adenoma detection rate (ADR). Almost 
a quarter of existing colonic adenomas remain un-
detected during a screening colonoscopy, while more 
recent studies raise that percentage even up to 40% 
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A b s t r a c t

Introduction: Colonoscopy is considered the gold standard for colorectal cancer screening. Panoramic colonoscopy 
offers better visualization to decrease the adenoma miss rate.
Aim: To assess the influence of 330° panoramic view colonoscopy on adenoma and polyp detection rate, cecal intu-
bation time, and examiner’s comfort.
Material and methods: The study enrolled 421 patients aged 18–80 years who were eligible for colonoscopy screen-
ing. Patients with prior abdominal surgery, inflammatory bowel disease or after colorectal resections were exclud-
ed from the study. Patients were randomized to either standard frontal view (SFV) (Olympus Evis Exera III 190  
CF-HQ190L) or the panoramic view colonoscopy (PVC) (FUSE CDVL slim c38). The study was approved by the local 
bioethics committee and registered at ClinicalTrial.gov (NCT02929381).
Results: There were 214 patients examined with SFV and 207 with PVC. The mean age of patients was 64 ±12.26 
years. The two groups were comparable. The median cecal intubation time was 234 s with SFV vs. 311 s with PVC 
(p < 0.001). There were no significant differences in CIR or withdrawal time. PVC made it possible to discover more 
diverticula in the ascending colon (p = 0.009). PDR with SFV was 34.6% and 40.1% with PVC (p = 0.242). A higher 
number of polyps was found in the transverse colon in the PVC group (p = 0.006). ADR and advanced ADR (aADR) in 
both groups were similar (26.4% vs. 27.1% and 14, 2% vs. 13.9%).
Conclusions: Colonoscopy with wide-angle endoscopes lasts longer and allows for the detection of more polyps and 
diverticula without affecting ADR and aADR. Our study did not reveal the superiority of wide-angle colonoscopy in 
colorectal cancer screening
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[3–6]. In addition to inadequate bowel preparation, 
inability to reach the cecum (incomplete colonosco-
py), quick WTs (< 6 min) and patient-related factors, 
the primary factor accountable for missed colorectal 
adenomas and early cancers is the relatively narrow 
field of view (140–170°) of standard forward view-
ing (SFV) colonoscopes [7]. Anatomical sites such 
as the proximal aspect of colonic folds, anatomical 
flexures and the area around the ileocecal valve tend 
to be hidden from SFV colonoscopes. In an effort to 
eliminate these limitations, novel endoscopes with 
a wider field of view have been manufactured, allow-
ing meticulous inspection of the proximal aspect of 
haustral folds [8]. These include the Fuse Full Spec-
trum Endoscopy colonoscopy platform (EndoChoice 
Inc., Alpharetta, GA, USA).

Aim

The aim of this study was to assess the suitabil-
ity of panoramic view colonoscopy (PVC) for the de-
tection of colorectal lesions and to analyze the func-
tionality of this special endoscope series regarding 
CIR, CIT and WT as compared to standard forward 
viewing colonoscopy (SFV).

Material and methods

We explored the efficacy of the PVC in a random-
ized single-center feasibility study performed be-
tween July 1 and December 20, 2017. The study was 
conducted at a  private independent hospital that 
performs more than 11 000 colonoscopies per year. 
The study was approved by the local ethics com-
mittee and was conducted in accordance with the 
principles of the Declaration of Helsinki. As a clinical 
trial, the study was registered in a centralized clinical 
trials registry (ClinicalTrials.gov – NCT02929381).

The study enrolled 421 patients aged 18–80 years 
who were eligible for colonoscopic examination per-
formed for colorectal cancer screening, polyp surveil-
lance or diagnostic evaluation. Patients with prior 
abdominal surgery, colorectal resections or inflam-
matory bowel disease were excluded from the study. 
Patients were randomized to either SFV colonosco-
py (Olympus Evis Exera III, CF-HQ190L) or the novel 
wide-angle PVC (FUSE colonoscope CDVL slim c38). 

All patients were given the same bowel prepa-
ration guidelines based on oral ingestion of 420 g 
of polyethylene glycol (PEG) in 4 l of water taken in  
4 doses every 6 h 1 day before the examination. The 

large bowel was prepared according to the split-dose 
principle and colonoscopy was performed in the af-
ternoon. Each colonoscopy was performed by one of 
three experienced endoscopists (each of whom had 
performed more than 5000 colonoscopies). A stan-
dard, commercially available high-definition colono-
scope (Olympus 190 series Exera III CF-HQ190L with 
NBI system and DF capability) was used for all SFV 
colonoscopies in this study. This endoscope utilizes 
an advanced Dual Focus optical system and Narrow 
Band Imaging (NBI) to produce clear images for ob-
servation. It has a  single camera at the tip of the 
scope, which allows a 170° wide view. The working 
length of the scope is 168  cm. The working chan-
nel width is 3.7 mm, and the outer diameter of the 
scope is 13.2 mm. 

In patients randomized to the PVC group, the 
Fuse Full Spectrum Endoscopy colonoscopy platform 
(EndoChoice Inc., Alpharetta, GA, USA) was used. 
This platform comprises a  video colonoscope and 
a processor [9–11]. The Fuse colonoscope is a stan-
dard (168 cm working length, 12.8 mm scope outer 
diameter) flexible, reusable, reprocessable colonos-
cope intended for diagnostic visualization and thera-
peutic interventions. The Fuse colonoscope provides 
a  high resolution, 330° field of view while main-
taining all standard colonoscope capabilities and 
maneuverability including full-tip flexion, 3.8 mm 
working channel, air or CO2 insufflation and water 
jet irrigation. Thus, the Fuse colonoscope maintains 
identical technical features when compared with the 
current industry standard forward viewing colonos-
copes. Full spectrum endoscopy is achieved by the 
use of three imagers and LED groups positioned at 
the front and on both sides of the colonoscope tip. 
Endoscopic images are displayed on three contigu-
ous video monitors. The left, center and right video 
monitors correspond with the colonic images trans-
mitted from the left facing, forward facing, and right 
facing lenses, respectively (Photo 1). 

After cecal intubation, the colonic mucosa was 
carefully visualized using white light while with-
drawing the colonoscope. All polyps detected during 
the procedure were documented for size, location, 
and morphology according to the Paris classification. 
Polyps with a diameter of < 3 mm were resected us-
ing biopsy forceps without diathermy; polyps mea-
suring 4–7 mm were resected by cold snare polyp-
ectomy; larger lesions were removed by endoscopic 
hot snare polypectomy or endoscopic mucosal resec-
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tion. Resected specimens were stained with hema-
toxylin and eosin and reviewed by two expert gas-
trointestinal pathologists with more than 10 years 
of gastrointestinal pathology experience. Histopa-
thologists were blinded to the type of endoscope 
used for the study. All polyps removed were classi-
fied as hyperplastic polyps, adenomas or advanced 
adenomas based on histopathological examination. 
All images were captured and stored as high-defini-
tion JPEG files (200–300 kb, 1280 × 1024 pixel array,  
32-bit RGB representation).

Statistical analysis

The materials acquired in this study were sys-
tematized and analyzed, and the distribution of the 
variables was established. Because the analyzed 
parameters do not have a  normal distribution, 
nonparametric tests were used in the analysis. 
Qualitative variables were compared using the in-
dependent c2 test. The Mann-Whitney U  test was 
used to compare quantitative variables between 
two groups. The Kruskal-Wallis test was used for 
comparisons of quantitative data in more than two 
groups. The significance threshold was established 
at p < 0.05.

Results 

There were 214 patients examined with SFV and 
207 with PVC. The two groups were comparable in 
gender (p = 0.559) and BMI (min. 17 kg/m2, max.  
41 kg/m2, p = 0.190) (Table I). There were 128 fe-
males and 86 males in the SFV group and 118 fe-
males and 89 males in the PVC group. The mean age 
of patients was 64 ±12.26 years. Bowel preparation 
in both groups was similar, with a mean score above 
8 in both groups, the median being 8. The mean ce-
cal intubation time was significantly longer using 
the PVC endoscope as compared to the SFV endo-
scope: it measured 234 s with SFV vs. 311 s with PVC  
(p < 0.001). Minimum CIT in the SFV group was 60 s,  
whereas in the PVC group the min CIT was 90 s.  
Maximum CIT in the SFV was 520 s, and in the PVC 
group 585 s (Table II). There were no significant dif-
ferences in WT between the two groups (mean WT 
509.66 s in SFV vs. 510.23 s in PVC group, p = 0.997). 
Minimum WT in both groups was 360 s, and maxi-
mum WT was 970 in both groups (Table III). The main 
end-points of this study were polyp and adenoma 
detection rates. Taking into consideration the whole 
colon, the polyp detection rate was higher in the PVC 
group (40.1%) compared to the SFV (34.8%) group, 

Table I. Group characteristics

Group Sex N Age BBPS BMI 

Mean SD Mean SD Min. Max. Mean SD

SFV F 128 214 62.34 11.46 8.08 1.13 17 41 27.34 5.84

M 86 62.71 11.94 8.03 1.16 17 41 28.27 5.33

PVC F 118 207 65.27 12.90 8.17 1.20 17 40 27.25 4.29

M 89 66.03 12.54 8.04 1.22 18 38 26.54 4.23

SFV – standard forward viewing colonoscopy, PVC – panoramic view colonoscopy, BBPS – Boston Bowel Preparation Score, BMI – body mass index.

Photo 1. A wide-angle 330° view of the intestinal mucosa with a polyp visualized by the side camera
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although statistical difference was not achieved  
(p = 0.242). The adenoma detection rate was similar 
in both groups (26.17% in SFV vs. 27.05% in PVC, 
p = 0.837). The advanced adenoma detection rate 
(aADR) was 14.02% in the SFV group and 14.01% in 
the PVC group (p = 0.998) (Table IV). No difference 
was found in terms of diverticuli detection rate (43% 
in SFV vs. 45% in PVC group, p = 0.617) in the whole 
colon.

Segments of the colon

A detailed analysis of the incidence of polyps, ad-
enomas and diverticuli in particular segments of the 
colon (right, transverse, left) was performed (Figur - 
es 1 and 2). Incidence of adenomas in the right 
part of the colon (p = 0.832), the transverse part  

(p = 0.904) and the left part (p = 0.431) was simi-
lar in both groups. Incidence of advanced adenomas 
was also comparable between the groups in the 
respective parts of the colon (right side p = 0.732, 
transverse p = 0.631 and left p = 0.681). Signifi-
cantly more polyps were found during PVC endos-
copy in the transverse colon compared to the SFV 
colonoscopy (43 vs. 20, p = 0.006). No difference in 
the number of detected polyps was found in the left 
and right side of the colon (p = 0.059 and p = 0.858, 
respectively). Additionally, we observed that PVC al-
lowed for detection of significantly more diverticuli 
in the right side of the colon in comparison to SFV 
endoscopy (p = 0.009). In the remaining parts of the 
colon, the number of the diverticuli discovered was 
similar (p = 0.121 in the transverse and p = 0.759 in 
the left part).

Table II. Cecal intubation time

Group Sex Min. CIT [s] Max. CIT [s] Mean CIT [s] SD

SFV F 60 60 520 520 236.68 234.35 97.75 96.75

M 60 510 230.87 95.71

PVC F 90 90 585 585 297.92 310.94 119.77 120.48

M 100 560 329.6 119.91

p < 0.001

SFV – standard forward viewing colonoscopy, PVC – panoramic view colonoscopy, CIT – cecal intubation time.

Table III. Withdrawal time

Group Sex Min. WT [s] Max. WT [s] Mean WT [s] SD

SFV F 360 360 970 970 508.03 509.66 113.82 117.53

M 360 915 512.09 123.48

PVC F 365 360 870 970 495.33 510.23 102.78 118.89

M 360 970 529.99 135.45

p = 0.997

SFV – standard forward viewing colonoscopy, PVC – panoramic view colonoscopy, WT – withdrawal time.

Table IV. Polyp, adenoma, advanced adenoma and diverticuli detection rates

Group Sex N N PDR (%) ADR (%) aADR (%) DDR (%)

SFV F 128 214 34.37 34.58 27.34 26.17 17.19 14.02 42.19 42,99

M 86 34.88 24.42 9.30 44.19

PVC F 118 207 36.66 40.10 23.73 27.05 11.86 14.01 49.15 45,41

M 89 44.94 31.46 16.85 41.86

p = 0.242 p = 0.837 p = 0.998 p = 0.617

SFV – standard forward viewing colonoscopy, PVC – panoramic view colonoscopy, PDR – polyp detection rate, ADR – adenoma detection rate, aADR – ad-
vanced adenoma detection rate, DDR – diverticuli detection rate.
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Discussion

PVC was introduced as a new advanced imaging 
method that could potentially improve the adenoma 
detection rate and reduce the adenoma miss rate. 
Multiple studies in varied patient populations have 
shown significant adenoma miss rates during for-
ward viewing, optical colonoscopy [11–15]. Missed 
adenomas are one of the biggest limitations to the 
colonoscopy examination and can lead to interval col-
orectal cancers [16, 17]. Since the introduction of PVC, 
many studies have proven its efficacy in decreasing 
the adenoma miss rate; nevertheless, its production 
was stopped 3 years after the market premiere. Stan-
dard colonoscopy often requires multiple manipula-
tions of the colonoscope by the examiner, including 
efforts to flatten folds and straighten flexures, as well 
as prolonged retroflexion of the colonoscope itself. All 
these maneuvers are performed to reveal polyps hid-
den in the ‘blind spots’ and increase ADR, but they 
are technically demanding, time-consuming and pose 
some risk to the patient. The great advantage of PVC 
is that it allows one to see the lesions located in these 
blind spots by using the side cameras.

In 2014 Gralnek et al. conducted an international, 
multicenter, randomized back-to-back study to inves-
tigate whether PVC detects more adenomas in com-
parison to SFV colonoscopy [18]. In this study, the 
PVC system had a significantly lower miss rate com-
pared to SFV endoscopy for adenomas (7% vs. 41%, 
p < 0.0001) and polyps (10% vs. 43%, p < 0.0001). 
However, in our study the PVC system allowed for de-
tection of more polyps and diverticula in certain parts 
of the colon without affecting ADR and aADR. 

Gralnek et al. previously reported a  100% suc-
cess rate in cecal intubation using PVC during a pro-
spective, single-center pilot study [19]. While the 

CIR was comparable to that of SFV in our study, the 
CIT with PVC was significantly longer than with SFV, 
which may stem from the fact that at first it may be 
somewhat confusing to follow all three screens with 
live images from different cameras at the tip of the 
scope, and there is a learning curve to it. Regardless, 
this novel platform has been proven to be safe and 
feasible with CIR at almost 100% in two nonrandom-
ized studies, which seems to be consistent with our 
results [19, 20].

In an interesting meta-analysis by Facciorusso  
et al. all randomized studies comparing PVC with 
SFV endoscopy published until May 2019 were tak-
en into account. Primary outcomes in the study were 
polyp detection rate and adenoma detection rate, 
and secondary outcomes were cecal intubation time 
and total colonoscopy time. It was found that even 
though the adenoma and polyp detection rates were 
not significantly different between the groups, the 
PVC group had a significantly lower adenoma miss 
rate (risk ratio 0.35, 0.25–0.48, p < 0.01). What is 
also interesting in this meta-analysis is that it shows 
that there was no difference in cecal intubation time 
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Figure 1. Number of polyps in different segments of the colon
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between the groups and, most interestingly, the to-
tal colonoscopy time was significantly shorter in the 
PVC group (mean difference: –2.60, 95% CI: –4.60, 
–0.61; p = 0.01) [21]. This is somewhat contradictory 
to many single studies, including our study, which 
showed prolonged CIT and total colonoscopy time 
in the PVC group. This might however stem from 
the fact that the technology at first is somewhat 
hard to tame and there is an ‘adaptation and tol-
erance curve’ to it, rather than a  genuine learning 
curve – even very experienced endoscopists find it 
quite confusing and tiresome to use PVC endosco-
py at first. This meta-analysis however has shown 
that after mastering the technique, PVC can not only 
decrease the adenoma miss rate, but can also de-
crease the cecal intubation time and total colonos-
copy time, which is an important factor taken into 
consideration in all high volume endoscopy centers.

On the other hand, there are also studies that fail 
to prove the benefit of this technology. Nunez-Ro-
driguez et al. reported no benefit of SVC over SFV 
colonoscopy regarding polyp detection rate and ad-
enoma detection rate in the whole colon, as well as 
in a detailed analysis by lesion size or colon section. 
They did however report a  significantly prolonged 
cecal intubation time in the PVC group (PVC 6.2 min 
vs. standard colonoscopy 4.2 min; p < 0.001) [22]. 
It is consistent with our study regarding intubation 
time, but we observed a  significantly higher polyp 
detection rate in the transverse colon and a higher 
diverticuli detection rate in the right part of the co-
lon using PVC in comparison to SFV endoscopy.

Another interesting factor that was assessed 
in some studies is the experience of the physician 
performing the examination. Following three life 
screens at the same time and merging those images 
into one piece of information may be tricky for the 
examiner, who is used to looking at one live screen 
showing a picture from a single camera at the tip of 
the scope – this seems more natural for everybody, 
and switching to PVC with its three live screens 
poses a  lot of discomfort for the examiner at first. 
A  study by Ito et al. showed that the preliminary 
evaluation of the PVC system by the examiners was 
not very satisfactory. It was rated higher than SFV 
in only three categories: field of view, screening and 
polyp surveillance. In the remaining 11 categories it 
was rated as inferior to SFV colonoscopy [23].

In assessing articles about PVC and its influence 
on ADR and PDR one has to remember that most 

comparative studies are performed in a tandem-ex-
amination fashion – one colonoscopy using one 
technology is followed by another colonoscopy with 
a different technology. Such tandem colonoscopy al-
ways poses bias in the results, as it has been proven 
that, using any technology, more lesions are found in 
the second examination in the same patient.

This panoramic view endoscopy platform may 
have a role not only in detecting lesions hidden be-
hind the fold of the intestine. One has to remember 
that lesions that have been recognized as a signif-
icant precursor of advanced colorectal cancer are 
so-called laterally spreading tumors (LSTs), which 
tend to be overlooked in colonoscopy because of the 
unique morphological features [24]. A wider viewing 
angle and dedicated side cameras may potentially 
increase the chance of detecting LSTs, which are 
a  significant risk for the patient and can be over-
looked due to their non-polypous growth pattern. 

The field of endoscopy is evolving rapidly, with 
more and more lesions being qualified for endo-
scopic removal rather than a more invasive surgical 
procedure. The long-term results of both endoscopic 
mucosal resection and endoscopic submucosal dis-
section have proven them to be reliable techniques 
with a  low rate of complications and short hospi-
tal stay in the treatment of colon and rectal lesions, 
including early stage carcinomas [25]. Innovation in 
this field is inevitable, and PVC is one of its faces.

Our general impression of the scope insertion, 
the operation of angles, release of angles and retro-
flection in the rectum was rated lower than that of 
SFV. We noted a higher stiffness of the FUSE shaft, 
lower radius at the full flexure and its overall poorer 
flexibility, which led to more difficulties during the 
examination and higher CIT. However, we realize 
that the colonoscopists’ lack of experience with the 
PVC system may have contributed to the worse user 
experience compared to that of SFV. 

Moreover, we found that the removal of lesions 
identified on the side monitor was slightly trou-
blesome. This study proves that the controversies 
around this device are justified, as the results of its 
contribution to a higher adenoma detection rate and 
therefore a possibility to decrease long-term colorec-
tal cancer mortality are contradictory and remain un-
certain. However, we believe that the decision to stop 
production of the FUSE devices is somewhat prema-
ture, as there are many studies showing its positive 
impact on efficacy of colonoscopy screening.
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Obviously this study has limitations. One such 
limitation is the learning curve of the use of PVC – 
the examiners that participated in the study were all 
highly experienced, with at least 5000 examinations 
performed prior to the study. One has to keep in mind 
that all those prior examinations were SFV colonos-
copies, and the ‘practice’ period with the PVC was 
no more than 10 examinations per physician – which 
might have affected the results of the study, because 
it definitely takes some time to get used to the new 
platform. Another limitation, quite controversially, 
might be the randomized character of the study – it 
has been widely accepted to perform colonoscopy 
platforms in a  ‘tandem-examination’ manner, with 
each platform being used in the same patient back-
to-back. The idea behind this is to reduce the bias of 
patient-related conditions that influence the quality 
of the examination. Other than that, we believe that 
the study was robust and reliable in its structure.

Conclusions

Colonoscopy with PVC system endoscopes lasts 
longer and allows for detection of more polyps and 
diverticula without affecting ADR and aADR. We see 
clear potential in this technology, but further re-
search is needed to precisely determine its positive 
effect on PDR and ADR.

Conflict of interest

The authors declare no conflict of interest.

References

1. Rex DK, Johnson DA, Anderson JC, et al. American College of 
Gastroenterology guidelines for colorectal cancer screening 
2009 [corrected]. Am J Gastroenterol 2009; 104: 739-50.

2. Zhang T, Cui G, Yao Y, et al. Value of CNRIP1 promoter methyla-
tion in colorectal cancer screening and prognosis assessment 
and its influence on the activity of cancer cells. Arch Med Sci 
2017; 13: 1281-94.

3. Heresbach D, Barrioz T, Lapalus MG, et al. Miss rate for colorec-
tal neoplastic polyps: a prospective multicenter study of back-
to-back video colonoscopies. Endoscopy 2008; 40: 284-90.

4. Leufkens AM, DeMarco DC, Rastogi A, et al. Effect of a retro-
grade-viewing device on adenoma detection rate during colo-
noscopy: the TERRACE study. Gastrointest Endosc 2011; 73: 480-9. 

5. Rex DK, Cutler CS, Lemmel GT, et al. Colonoscopic miss rates of 
adenomas determined by back-to-back colonoscopies. Gastro-
enterology 1997; 112: 24-8.

6. van Rijn JC, Reitsma JB, Stoker J, et al. Polyp miss rate deter-
mined by tandem colonoscopy: a systematic review. Am J Gas-
troenterol 2006; 101: 343-50.

7. Leufkens AM, van Oijen MGH, Siersema PD. Factors influencing 
the miss rate of polyps in a back to back colonoscopy study. 
Endoscopy 2012; 44: 470-5.

8. Rex DK, Chadalawada V, Helper DJ. Wide angle colonoscopy 
with a prototype instrument: impact on miss rates and effi-
ciency as determined by back to back colonoscopies. Am J Gas-
troenterol 2003; 98: 2000-5.

9. Gralnek IM, Carr-Locke DL, Segol O, et al. Comparison of stan-
dard forward viewing mode versus ultra-wide viewing mode of 
a novel colonoscopy platform: a prospective, multicenter study 
in the detection of simulated polyps in an in vitro colon model. 
Gastrointest Endosc 2013; 77: 472-9.

10. Gralnek IM, Segol O, Suissa A, et al. A prospective cohort study 
evaluating a novel colonoscopy platform featuring Fuse‘full 
spectrum endoscopyTM’. Endoscopy 2013; 45: 697-702.

11. Hixson LJ, Fennerty MB, Sampliner RE, Garewal HS. Prospective 
blinded trial of the colonoscopic miss rate of large colorectal 
polyps. Gastrointest Endosc 1991; 37: 125-7.

12. Rex DK, Cutler CS, Lemmel GT, et al. Colonoscopic miss rates of 
adenomas determined by back to back colonoscopies. Gastro-
enterology 1997; 112: 24-8.

13. Pickhardt PJ, Nugent PA, Mysliwiec PA, et al. Location of ade-
nomas missed by optical colonoscopy. Ann Intern Med 2004; 
141: 352-9.

14. van Rijn JC, Reitsma JB, Stoker J, et al. Polyp miss rate deter-
mined by tandem colonoscopy: a systematic review. Am J Gas-
troenterol 2006; 101: 343-50.

15. Heresbach D, Barrioz T, Lapalus MG, et al. Miss rate for colorec-
tal neoplastic polyps: a prospective multicenter study of back 
to back video colonoscopies. Endoscopy 2008; 40: 284-90.

16. Kaminski MF, Regula J, Kraszewska E, et al. Quality indicators 
for colonoscopy and the risk of interval cancer. N Engl J Med 
2010; 362: 1795-803.

17. Cooper GS, Xu F, Barnholtz Sloan JS, et al. Prevalence and pre-
dictors of interval colorectal cancers in Medicare beneficiaries. 
Cancer 2012; 118: 3044-52.

18. Gralnek IM, Siersema PD, Halpern Z, et al. Standard forward‐
viewing colonoscopy versus full spectrum endoscopy: an inter-
national, multicentre, randomised, tandem colonoscopy trial. 
Lancet Oncol 2014; 15: 353-60.

19. Gralnek IM, Segol O, Suissa A, et al. A prospective cohort study 
evaluating a novel colonoscopy platform featuring fullspec-
trum endoscopy, Endoscopy 2013; 45: 697-702.

20. Song JY, Cho YH, Kim MA, et al. Feasibility of full-spectrum en-
doscopy: Korea’s first full-spectrum endoscopy colonoscopic 
trial. World J Gastroenterol 2016; 22: 2621-9.

21. Facciorusso, A, Del Prete, V, Buccino V, et al. Full-spectrum ver-
sus standard colonoscopy for improving polyp detection rate: 
a systematic review and meta-analysis. J Gastroenterol Hepatol 
2018; 33: 340-6. 

22. Núñez-Rodríguez H, Diez-Redondo P, Pérez-Miranda M, et al. 
Role of full-spectrum endoscopy in colorectal cancer screening. 
J Clin Gastroenterol 2019; 53: 191-6. 

23. Ito, S, Hotta, K, Imai K, et al. Preliminary experience using 
full-spectrum endoscopy for colorectal cancer screening: 
matched case controlled study. Gastroenterol Res Practice 
2016; 2016: 1349436. 



Paweł Bogacki, Tomasz Gach, Jan Krzak, Miroslaw Szura

296 Videosurgery and Other Miniinvasive Techniques 2, June/2021

24. He D, Cao X, Luo T, et al. Endoscopic submucosal dissection for 
colorectal laterally spreading tumors with the Dual knife only. 
Videosurgery Miniinv 2019; 14: 495-500. 

25. Çolak Ş, Gürbulak B, Çakar E, Bektaş H. Evaluation of endoscop-
ic mucosal resection and endoscopic submucosal dissection 
in submucosal lesions of the colon and rectum. Videosurgery 
Miniinv 2018; 13: 448-53. 

Received: 11.09.2020, accepted: 24.10.2020.


	_GoBack
	_Ref509747103
	_Ref509748481
	_Ref509748590
	_Ref509748610
	_Ref509748618
	_Ref509748628
	_Ref509751396
	_Ref509751504
	_Ref509751942
	_Ref509751952
	_Ref509756738
	_Ref509751958
	_Ref509756746
	_Ref509756754
	_Ref509756765
	_Ref509756779
	_Ref509756916
	_Ref509756928
	_Ref509756819
	_Ref509754771
	_Ref509756299

