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BACKGROUND & AIMS: Improvements to endoscopy
imaging technologies might improve detection rates of colorec-
tal cancer and patient outcomes. We compared the accuracy of
the latest generation of endoscopes with older generation mod-
els in detection of colorectal adenomas. METHODS: We
compared data from 2 prospective screening colonoscopy stud-
ies (the Berlin Colonoscopy Project 6); each study lasted ap-
proximately 6 months and included the same 6 colonoscopists,
who worked in private practice. Participants in group 1 (n �
1256) were all examined by using the latest generation of
wide-angle, high-definition colonoscopes that were manufac-
tured by the same company. Individuals in group 2 (n � 1400)
were examined by endoscopists who used routine equipment (a
mixture of endoscopes from different companies; none of those
used to examine group 1). The adenoma detection rate was
calculated on the basis of the number of all adenomas/number
of all patients. RESULTS: There were no differences in patient
parameters or withdrawal time between groups (8.0 vs 8.2
minutes). The adenoma detection rate was significantly higher
in group 1 (0.33) than in group 2 (0.27; P � .01); a greater

umber of patients with least 1 adenoma were identified in
roup 1 (22.1%) than in group 2 (18.2%; P � .01). A higher
ercentage of high-grade dysplastic adenomas were detected in
roup 1 (1.19%) than in group 2 (0.57%), but this difference was
ot statistically significant (P � .06). CONCLUSIONS: The

latest generation of wide-angle, high-definition colono-
scopes improves rates of adenoma detection by 22%, com-
pared with mixed, older technology endoscopes used in
routine private practice. These findings might affect defini-
tions of quality control parameters for colonoscopy screen-
ing for colorectal cancer.

Keywords: Adenoma Detection Rate (ADR); Early Detection;
Colon Cancer; CRC; Screening Trial; BECOP-6.

Screening colonoscopy has been shown to decrease colorec-
tal cancer (CRC) incidence as well as mortality,1 not only by

nding cancers at an earlier stage but even more because of the
etection and removal of adenomas as precursor lesions. Thus,
he adenoma detection rate (ADR) has been considered to be
ne of the main quality outcome parameters of screening
olonoscopy.2 ADR has recently been shown to correlate with
olonoscopy withdrawal times.3 Adenoma rates reported from
arious countries have ranged from 8%–35%,4 –10 and it is not
nown whether these differences reflect differences in disease

revalence or perhaps also in colonoscopy quality.
Among the potential factors for improving the quality of
colonoscopy and increasing the ADR, the use of new technology
has often been advocated, but only a few studies have focused
on this issue. Such studies, moreover, have dealt with specific
refinements within one endoscope generation such as wide-
angle imaging,11 use of image processing such as narrow band
maging (NBI),12–15 or Fuji Intelligent Color Enhancement.16,17

Although these studies could not consistently show differences
in outcome, instrument quality in the control groups always
represented the most up-to-date standard endoscopes.

Larger randomized comparisons of different generations of
instruments, which arrive with a variety of improvements in
imaging, image resolution, and image processing, have not been
performed yet. In daily routine and especially in private prac-
tice, colonoscopy is performed with various generations of
instruments, mostly not of the latest generation. However, there
are no published data on the question of whether and to what
extent introduction of new technology might improve outcome
as compared with daily routine. A small recent randomized
study found a 3-fold increase in ADR when using the latest
generation instrument as compared with the previous endo-
scope generation.18

We therefore compared the performance of the same 6 Berlin
colonoscopists who participated in 2 prospective studies. Data
from these 6 endoscopists were taken from the large prospective
quality assurance study performed by a total of 21 colonosco-
pists that was examining the influence of case volume on
adenoma detection19 as well as documentation quality of main
creening colonoscopy outcome parameters.20 The other study
as a prospective randomized comparison of high-definition

elevision (HDTV) colonoscopies with and without NBI, which
ere performed by this group of 6 colonoscopists and which
id not show any difference in adenoma detection.15

Methods
Two groups of screening colonoscopy patients from 2

successive prospective study periods were analyzed with respect
to ADR (all adenomas/all patients). All colonoscopies were
performed during the 2 study periods in 5 private gastroenter-

Abbreviations used in this paper: ADR, adenoma detection rate;
CRC, colorectal cancer; HDTV, high-definition television; HGIN, high-
grade intraepithelial neoplasia; NBI, narrow band imaging.

© 2012 by the AGA Institute
1542-3565/$36.00
doi:10.1016/j.cgh.2011.10.026



e
i
a
c
t
n t

i
p
W

156 ADLER ET AL CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 10, No. 2
ology practices in Berlin by the same 6 colonoscopists, each
with outpatient screening colonoscopy volumes of �500 per
year; the lifetime experience of the participating examiners
was �10,000 colonoscopies each. Both study periods spanned
6 –7 months.

Study Group I: Latest and Uniform
Technology
Data for this group was recruited from a prospective

randomized study by using exclusively the latest generation
Olympus (Tokyo, Japan) colonoscopes to compare conven-
tional wide-angle HDTV colonoscopy with and without NBI,
with ADR as the main outcome parameter; instrument, proces-
sor, as well as screen were of the same HDTV generation. The
comparative results of this study, which did not show any
differences in ADR between the 2 groups in any of the param-
eters analyzed, were reported elsewhere.15 Because no differ-
nces were found in this comparative study between the group
n which NBI was used and the group in which HDTV imaging
lone was used, data of both the NBI and non-NBI groups are
ombined for the present comparative analysis. We consider
his group to be the one in which the most modern technology,
amely high-resolution HDTV imaging, was used.

Study Group II: Older Generation Endoscopes
Of 18 private practices with 21 physicians in Berlin who

performed a quality assessment study of screening colonoscopy
and included 12,134 cases during a total of 18 months,19

colonoscopy data (n � 1400) from 6 of 18 colleagues were
extracted during the first 6 months of their study participation
to arrive at an equal time period compared with the retrospec-
tive analysis. In the abovementioned study, various perfor-
mance parameters, findings, and complications were assessed in
this study as well as patient acceptance (evaluated by question-
naire) until study termination. ADR was one of the main
quality outcome parameters of this trial. A study audit was
performed for all participating centers to achieve high data
completeness except for nonconsenting patients. The instru-
ments routinely used in these 5 practices came from different
companies but did not represent the latest generation instru-
ments of the respective companies. They were from Pentax
(EC-3870, EC-3940; Pentax Europe Co, Hamburg, Germany) in
3 practices and from Fujinon (EC 201 WI, EC 200 MR, EC 250
WI5; Fujinon Europe Co, Willich, Germany) and Olympus
(PCF-100 and CF-145; Olympus Europe Co, Hamburg, Ger-
many) in 1 practice each. Respective processors of the same
generation were used; screens were not of HD quality.

Data Acquisition and Recorded Parameters
Ethical approval from the Charité Ethical Committee

was obtained for the 2 prospective studies (EA 02/019/07 and
EA 02/018/07) that involved either data acquisition/follow-up
and/or use of a new scope imaging technology (HDTV/NBI).

The following parameters were recorded: (1) cecal intubation
rate; (2) number of adenomas, with location, size, and histology;
because of the unclear definition of flat adenomas in the ret-
rospective analysis, this parameter was not included in our
3-group comparison; (3) number of hyperplastic polyps, with
location and size; and (4) examination times (introduction and

withdrawal).
Outcome Parameters
The main outcome parameter was the ADR, calculated

as number of all adenomas/number of all patients. Secondary
outcome parameters were the percentage of patients with at
least 1 adenoma, the rate of high-grade dysplastic adenomas as
special risk lesions, and the overall number of hyperplastic
polyps.

Data Completeness
In the modern technology study (group I), only 2 in-

struments were available in the participating offices, leading to
inclusion of about 75% of screening colonoscopy cases; subse-
quent patients were included according to availability of repro-
cessed scopes without further selection. Group II (extracted
from the Berlin screening study) was audited for completeness
by comparing included patients with the coded cases during the
same period, with missing cases being supplemented as far as
possible.

Statistical Analysis
To test whether percentage differences between the 2

groups were statistically significant, �2 tests were performed. In
he case of metric variables (age, etc), analysis of variance for
ndependent groups was carried out, followed by pair-wise com-
arisons in the case of statistically significant main effects.
hen only 2 groups were compared, t tests were performed.

Results
Results concerning patient and examination data are

shown in Table 1. There was only a significant difference be-
tween the 2 groups with respect to the sedation regimens, with
fewer patients sedated and a lower rate of patients sedated with
propofol in group I. The other parameters including endoscope
withdrawal times were similar in the 2 patient groups. As shown
in Table 2, ADRs (all adenomas/all patients) as well as patient
rates with at least 1 adenoma were significantly higher in group
I compared with group II. The percentage of small adenomas
was also significantly different. There were numeric differences
with respect to high-grade intraepithelial neoplasia (HGIN)
lesions, but they failed to reach statistical significance, probably
because of low overall numbers.

Discussion
Our study focuses on a possible effect of new endoscope

technology on adenoma detection during screening colonos-
copy. We used data from 2 prospective studies that were per-
formed by the same colonoscopists, but with different equip-
ment. In one study, endoscopists used their usual instruments
consisting of different generation endoscopes from different
companies, exactly mimicking daily routine and reality; none of
these scopes were of the latest generation. The other study,
which was primarily performed to detect differences between
NBI and non-NBI imaging (but adenoma rates were exactly the
same in both groups15), was used as example of a homogeneous
switch to the most modern scope technology, in this case from
one company. Both studies were prospective and were audited,
and their main outcome parameter was the ADR.

Such a study design, comparison of data of 2 trials, is

naturally different from a prospective randomized study com-
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paring 2 different endoscope generations and might therefore
provide a lower evidence level. On the other hand, we compared
2 large patient groups, which might counterbalance these dis-
advantages to some extent. Furthermore, the control group that
used different older generation scopes better reflects current
reality than the uniform use of one older generation endoscope.
It might be a limitation of the current study that some patient
characteristics that are known to influence adenoma rates, such
as body mass index, smoking, and family history, were not
included in the case report form of both studies. We neverthe-
less think that significant differences might be unlikely in 2
subsequent time periods of the same private practices, also in
view of the rather large case number. Another limitation might
be that bowel cleanliness was not evaluated in the new scope
study part, but cases with insufficient bowel cleanliness had to
be excluded. Because this was the case in 0.3% (insufficient
preparation scored by the examiners) of the old scope study, we
think it is unlikely that this factor might have had a major
influence.

In the literature, there have been randomized studies com-
paring HDTV with non-HDTV colonoscopes, with patient
numbers included between 300 and 60021,22; a recent meta-
analysis showed marginal differences overall, and only the
pooled weighted mean difference in small adenoma detection
was better with high-definition colonoscopy (P � .035).23 In
this meta-analysis, 5 studies were included,23 but only 2 were

rospective and randomized; both did not show an overall
ncreased ADR.21,22 However, in both patient groups in both

able 1. Patient and Colonoscopy Data in Both Groups

Group I (new scopes
(n � 1256)

Patient data
Age (y) (mean � SD) 64.8 � 7.8
Sex, % male 47.5

Sedation
No sedation 25.7%
Midazolam-based regimen 45.2%
Propofol-based regimens 29.1%

Mean examination time (min)
Total 13.7 � 4.1
Introduction 5.6 � 2.4
Withdrawal 8.2 � 3.4

Cecal intubation rate 99.0%

NS, not significant.

Table 2. Adenoma and Hyperplastic Polyp Detection Rate in

Group I (new scope
(n � 1256)

Adenomas (n) 416
Patients with adenomas 22.1%
ADRa 0.33
Adenomas �10 mmb 29.1
% with HGINb 1.19

yperplastic polyps (n) 262
arcinomas (n) 3

aAll adenomas/all patients.

b% of all patients.
tudies the video screen and probably also the processor (only
pecifically mentioned in one study22) were of the HDTV quality

generation, so only the endoscopes were of different genera-
tions. This might have explained the absence of any difference.
To mirror a true generation change in endoscope technology, all
parts of the equipment should be changed between the groups, as
was the case in our comparative analysis. Another difference in
these 2 trials as well as in our study was that these latest generation
instruments also have a wider angle of view. However, it was
shown in another randomized trial a few years ago that wide-angle
view alone does not increase adenoma detection.11

We decided to choose the ADR as the primary outcome
parameter because this has been used in other studies3; also, it
appears to be the most logical parameter with regard to CRC
prevention,2 and it has recently also been shown to be corre-
lated with cancer occurrence during follow-up.24 The effect of
new technology, although demonstrable, is of unclear relevance,
because the long-term clinical effect of detecting more mostly
small adenomas is largely unknown. In the adenoma subgroup
with the most advanced histology (HGIN), the rate was almost
double in the new technology group, but because of low overall
numbers, this difference was not statistically significant. Both
groups of patients were comparable, with the exception of the
new technology group receiving less sedation and of the seda-
tion regimens a lower rate of propofol-based sedation. Whether
this might have influenced results is difficult to say. Although
studies as early as 1993 have shown that sedation leads to more
complete colonoscopies,25 more recent database analyses sug-

Group II (old scopes)
(n � 1400) Significance

64.7 � 7.0 NS
45.8 NS

14.4% P � .001
37.2%
48.4%

13.8 � 4.0 NS
5.8 � 3.2 NS
8.0 � 2.7 NS

99.9% NS

Groups

Group II (old scopes)
(n � 1400) P value

376 —
18.2% �.01
0.27 �.001

23.1 �.05
0.57 .06

206 �.01
5 .73
)

the 3

s)
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gested that deep sedation improves adenoma detection.26,27 A
recent rather large (n � 520) randomized trial could not con-
firm any association of the degree of sedation with polyp or
adenoma detection rate.28 Thus, it is unlikely that sedation
might have had an effect; even if so, the modern generation
colonoscope group had lower rates of deep (propofol) sedation
but higher adenoma rates, which would be in contrast to the
previous uncontrolled studies showing higher rates with deeper
sedation.26,27 The explanation for the lower rate of propofol
sedation between the 2 phases might be explained by dissemi-
nation of the German sedation guidelines, which preclude use
of propofol by the colonoscopist himself,29 whereas no assistant
has been specially trained for sedation, as is now the case in
quite a few private practices.

Our results might be regarded as somewhat provocative in
suggesting that instrument technology might have to be up-
dated to obtain a potentially better outcome with regards to
finding more precancerous lesions. Our study reflects the rou-
tine conditions in private practice in Germany for screening
colonoscopy, which is almost exclusively performed outside of
the hospital setting. With the German screening colonoscopy
program, various instruments are in use, in most cases not of
the latest generation. The program otherwise has rather high
quality-control standards and includes regular audits of ad-
enoma rates and other findings as well as regular checks of
randomly selected cecal photographs. The types of instru-
ments are naturally not controlled for, and the relatively low
reimbursement for outpatient endoscopy in Germany is re-
garded as counterproductive to regular updates of instru-
ment technology.

The possible conclusion that use of the newest technology
leads to better outcomes in colonoscopy raises a number of
related questions, for example, who should account for the
economic burden of such updates, or what does an increase in
ADR of 15% really mean in terms of final outcome. In the recent
study by Kaminski et al,24 different adenoma rates were corre-
lated with the occurrence of interval cancers during follow-up.
Only endoscopists with adenoma rates of 20% or more had a
significantly better outcome than the 3 comparative groups
with lower adenoma rates (15%–20%, 10%–15%, �10%), between
whom there was no difference in outcome. Thus, an increase of
15%–20% above an adenoma rate of 20%–25% known from the
German central SC registry,30 as was shown in our comparative
analysis, is still uncertain with respect to possible change of
final outcomes. Nevertheless, on the basis of the above data,
finding more adenomas will likely improve outcome, even if
this might be to a variable extent. That such outcome improve-
ments might also be related to instrument technology is sup-
ported by our data, which might finally have to be confirmed by
the results of a randomized trial. Other factors such as exam-
iner experience and care might also play crucial roles that have
to be studied further.

References

1. Whitlock EP, Lin JS, Liles E, et al. Screening for colorectal
cancer: a targeted, updated systematic review for the U.S.
Preventive Services Task Force. Ann Intern Med 2008;149:
638–658.

2. Bretagne JF, Ponchon T. Do we need to embrace adenoma de-
tection rate as the main quality control parameter during colono-

scopy? Endoscopy 2008;40:523–528.
3. Barclay RL, Vicari JJ, Doughty AS, et al. Colonoscopic withdrawal
times and adenoma detection during screening colonoscopy.
N Engl J Med 2006;355:2533–2541.

4. Sieg A, Theilmeier A. Results of coloscopy screening in 2005: an
internet-based documentation. Dtsch Med Wochenschr 2006;
131:379–383.

5. Kanna B, Schori M, Azeez S, et al. Colorectal tumors within an
urban minority population in New York City. J Gen Intern Med
2007;22:835–840.

6. Lieberman DA, Prindiville S, Weiss DG, et al. Risk factors for
advanced colonic neoplasia and hyperplastic polyps in asymp-
tomatic individuals. JAMA 2003;290:2959–2967.

7. Hüppe D, Hartmann H, Felten G, et al. Effectiveness of screening
colonoscopy in a community-based study. Z Gastroenterol 2008;
46:193–200.

8. Regula J, Rupinski M, Kraszewska E, et al. Colonoscopy in colo-
rectal-cancer screening for detection of advanced neoplasia.
N Engl J Med 2006;355:1863–1872.

9. Rainis T, Keren D, Goldstein O, et al. Diagnostic yield and safety
of colonoscopy in Israeli patients in an open access referral
system. J Clin Gastroenterol 2007;41:394–399.

0. Byeon JS, Yang SK, Kim TI, et al. Colorectal neoplasm in asymp-
tomatic Asians: a prospective multinational multicenter colonos-
copy survey. Gastrointest Endosc 2007;65:1015–1022.

1. Deenadayalu VP, Chadalawada V, Rex DK. 170 degrees wide-
angle colonoscope: effect on efficiency and miss rates. Am J
Gastroenterol 2004;99:2138–2142.

2. Rex DK, Helbig CC. High yield of small and flat adenomas with
high definition colonoscopes using either white light or narrow
band imaging. Gastroenterology 2007;133:42–47.

3. Adler A, Pohl H, Papanikolaou IS, et al. A prospective randomized
study on narrow-band imaging versus conventional colonoscopy
for adenoma detection: does NBI induce a learning effect? Gut
2008;57:59–64.

4. Inoue T, Murano M, Murano N, et al. Comparative study of
conventional colonoscopy and pan-colonic narrow-band imaging
system in the detection of neoplastic colonic polyps: a random-
ized, controlled trial. J Gastroenterol 2008;43:45–50.

5. Adler A, Aschenbeck J, Yenerim T, et al. Narrow-band versus
white-light high definition television endoscopic imaging for
screening colonoscopy: a prospective randomized trial. Gastro-
enterology 2009;136:410–416.

6. Pohl J, Lotterer E, Balzer C, et al. Computed virtual chromoen-
doscopy versus standard colonoscopy with targeted indigocar-
mine chromoscopy: a randomised multicentre trial. Gut 2009;
58:73–78.

7. Aminalai A, Rösch T, Aschenbeck J, et al. Colonoscopy: a ran-
domized comparison between FICE and conventional imaging
(Berlin Colonoscopy Project 5, BECOP-5): live image processing
does not increase adenoma detection rate. Am J Gastroenterol
2010;105:2383–2388.

8. Hoffman A, Sar F, Goetz M, et al. High definition colonoscopy
combined with i-Scan is superior in the detection of colorectal
neoplasias compared with standard video colonoscopy: a pro-
spective randomized controlled trial. Endoscopy 2010;42:827–
833.

9. Adler A, Lieberman D, Aminalai A, et al. Does case volume
determine screening colonoscopy quality: a prospective study on
adenoma detection rates from 12134 screening colonoscopies
(Berlin Colonoscopy Project 3, BECOP-3). Gut 2011 (accepted
manuscript).

0. Adler A, Lieberman D, Aminalai A, et al. A prospective audit of
National Registry Data on screening colonoscopy: procedural
complications are underreported (Berlin Colonoscopy Project 4,
BECOP-4). Gut 2011 (accepted manuscript).

1. Pellisé M, Fernández-Esparrach G, Cárdenas A, et al. Impact of

wide-angle, high-definition endoscopy in the diagnosis of colorec-



February 2012 ACCURACY OF LATEST COLONOSCOPES IN ADR 159
tal neoplasia: a randomized controlled trial. Gastroenterology
2008;135:1062–1068.

22. Tribonias G, Theodoropoulou A, Konstantinidis K, et al. Compar-
ison of standard versus high-definition, wide-angle colonoscopy
for polyp detection: a randomized controlled trial. Colorectal Dis
2010;12:260–266.

23. Subramanian V, Mannath J, Hawkey CJ, et al. High definition
colonoscopy vs standard video endoscopy for the detection of
colonic polyps: a meta-analysis. Endoscopy 2011;43:499–505.

24. Kaminski MF, Regula J, Kraszewska E, et al. Quality indicators for
colonoscopy and the risk of interval cancer. N Engl J Med 2010;
362:1795–1803.

25. Rodney WM, Dabov G, Orientale E, et al. Sedation associated
with a more complete colonoscopy. J Fam Pract 1993;36:394–
400.

26. Wang A, Hoda KM, Holub JL, et al. Does level of sedation impact
detection of advanced neoplasia? Dig Dis Sci 2010;55:2337–
2343.

27. Parra V, Watanabe J, Nago A, et al. Sedation used during colono-
scopies at the Peruvian-Japanese policlinic: their relationship
with quality indicators [Spanish]. Rev Gastroenterol Peru 2010;
30:40–45.

28. Paspatis GA, Tribonias G, Manolaraki MM, et al. Deep sedation
compared with moderate sedation in polyp detection during
colonoscopy: a randomized controlled trial. Colorectal Dis 2011;
13:e137–e144.

29. Riphaus A, Wehrmann T, Weber B, et al. Sektion Enoskopie im Auftrag
der Deutschen Gesellschaft für Verdauungs-und Stoffwechseler-
krankungen e. V. (DGVS); Bundesverband Niedergelassener Gastroen-
terologen Deuschlands e. V. (Bng); Chirurgische Arbeitsgemeinschaft

für Endoskopie und Sonographie der Deutschen Gesellschaft für Allge-
mein- und Viszeralchirurgie (DGAV); Deutsche Morbus Crohn/Colitis
ulcerosa Vereinigung e. V. (DCCV); Deutsche Gesellschaft für
Endoskopie-Assistenzpersonal (DEGEA); Deutsche Gesellschaft für
Anästhesie und Intensivmedizin (DGAI); Gesellschaft für Recht und
Politik im Gesundheitswesen (GPRG) [S3-guidelines: sedation in gas-
trointestinal endoscopy]. Z Gastroenterol 2008;46:1298–1330.

30. Available at: http://www.zi-berlin.de/cms/fileadmin/images/
content/PDFs_alle/Darmkrebsfrueherk_Bericht.pdf. Accessed June
2011.

Reprint requests
Address requests for reprints to: Prof. Thomas Rösch, MD, Department

of Interdisciplinary Endoscopy, University Hospital Hamburg Eppendorf,
Martinistra�e 52, 20246 Hamburg, Germany. e-mail:
t.roesch@uke.de; fax: 49-40-42803-4420.

Acknowledgments
Clinical Trials Gov Registration numbers: NCT00633620,

NCT00860665.

Conflicts of interest
The authors disclose no conflicts.

Funding
The Berlin Colonoscopy Screening Study was supported by a grant of

Deutsche Krebshilfe e.V. (no. 108166) as well as by unrestricted
grants by Olympus, Pentax, and Falk Companies. The narrow band
imaging (NBI) study was supported by Olympus, who provided instru-

ments for the study period.

http://www.zi-berlin.de/cms/fileadmin/images/content/PDFs_alle/Darmkrebsfrueherk_Bericht.pdf
http://www.zi-berlin.de/cms/fileadmin/images/content/PDFs_alle/Darmkrebsfrueherk_Bericht.pdf
mailto:t.roesch@uke.de

	Latest Generation, Wide-Angle, High-Definition Colonoscopes Increase Adenoma Detection Rate
	Methods
	Study Group I: Latest and Uniform Technology
	Study Group II: Older Generation Endoscopes
	Data Acquisition and Recorded Parameters
	Outcome Parameters
	Data Completeness
	Statistical Analysis

	Results
	Discussion
	Acknowledgments
	References


