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ABSTRACT

Background and study aims

Serrated polyposis syndrome (SPS) is characterized by the presence of multiple serrated 
polyps spread throughout the colon. Patients with SPS are considered to be at risk for 
colorectal cancer (CRC) and are advised to undergo endoscopic surveillance. Narrow-
band imaging (NBI) may improve the detection of polyps during these surveillance 
colonoscopies. The aim of study was to compare polyps miss-rates between NBI and 
high-resolution white light endoscopy (HR-WLE).

Methods

This study had a cross-over design. Patients underwent modified back-to-back colonos-
copy with HR-WLE and NBI performed by the same endoscopist in 4 tertiary referral 
institutions. Patients were randomly allocated to one of the 2 arms: (1) HR-WLE group: 
first inspection with HR-WLE followed by a second inspection with NBI; 2) NBI group: first 
inspection with NBI followed by a second inspection with HR-WLE. The primary outcome 
was the polyp miss-rate of HR-WLE and NBI.

Results

In the HR-WLE group, 116 polyps were detected during the first inspection. Second 
inspection with NBI added 47 polyps, resulting in an overall polyp miss-rate of HR-WLE 
of 29% (95% confidence interval 22-36). In the NBI group, a total of 128 polyps were 
detected during the first inspection. Subsequent inspection with HR-WLE added 32 
polyps, resulting in an overall polyp miss-rate of NBI of 20% (95% confidence interval 15-
27). Comparison of the overall polyp-miss rate of HR-WLE and NBI shows no significant 
difference (p=0.065).

Conclusions

The results of our study suggest that NBI does not reduce polyp miss-rates in patients 
with SPS compared with HR-WLE. Further multinational studies with larger number of 
patients are warranted to verify these results.
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INTRODuCTION

Serrated polyposis syndrome (SPS), formerly known as hyperplastic polyposis syndrome, 
is characterized by the appearance of multiple serrated polyps spread throughout the 
entire colon. Besides multiple serrated polyps, adenomas are also frequently observed. 
The syndrome has been defined by The World Health Organization (WHO) as at least five 
histologically confirmed serrated polyps proximal to the sigmoid with at least two being 
10 mm in diameter or larger (WHO criterion 1), any number of serrated polyps occurring 
proximal to the sigmoid colon in an individual who has a first-degree relative with SPS 
(WHO criterion 2) or more than 20 serrated polyps spread throughout the colon (WHO 
criterion 3).1

Patients with SPS are considered to be at increased risk for CRC.2-5 Studies have shown 
that cancers detected in patient with SPS are generated by both the serrated neoplasia 
pathway as well as the traditional adenoma-carcinoma sequence.6 This implies that in 
these patients all types of polyps should be considered clinically relevant as they may 
act as precursor lesions for CRC. In an effort to prevent CRC, patients are advised to 
undergo regular endoscopic surveillance with removal of these polyps.7-9 However, data 
suggest that in some patients with SPS, even if they undergo endoscopic surveillance, 
CRC still develops.2,4 These so-called interval cancers may originate from lesions that are 
not detected with conventional colonoscopy techniques.

Narrow-band imaging (NBI) is a technique that has been developed to enhance the 
detection of GI lesions.10 By the use of light of a shorter wavelength the mucosal pit pat-
tern and microvasculature of lesions are highlighted which may improve visualization. 
Previous studies have shown that NBI was helpful for the detection of hyperplastic pol-
yps.11,12 Furthermore, in a recent pilot study in patients with SPS, we demonstrated that 
NBI significantly reduced polyp-miss rates when compared with HR-WLE.13 However, this 
pilot study was performed by a single endoscopist in a single academic center. To con-
firm our results, we conducted the present randomized multicenter study performed by 
multiple endoscopists. The primary aim was to compare polyp miss-rates of HR-WLE and 
NBI in patients with SPS.

METhODS

Patients

Between January 2011 and March 2013, consecutive patients with SPS scheduled for 
colonoscopy in 4 medical centers in the Netherlands were invited for participation. Pa-
tients meeting criteria 1 or 3 of the WHO criteria for SPS, defined as ≥ 5 serrated polyps 
proximal to the sigmoid colon of which 2 are greater than 10 mm in diameter (WHO 
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criterion-1) or ≥ 20 serrated polyps spread throughout the colon (criterion-3) were 
eligible for enrolment.1 Patients were excluded in case of inflammatory bowel disease, 
a total colectomy, age < 18 years and an inadequate bowel preparation (Boston bowel 
preparation scale < 6).14 At closure of the study, patients were excluded from data analy-
sis in case an endoscopist performed less than 4 study procedures. The institutional 
review board (IRB) of all hospitals approved the study protocol, and written informed 
consent was obtained from all patients before inclusion. The study was registered at 
www.trialregister.nl: trial number: NTR2497

Study design

This study had a randomized cross-over design (figure 1). Patients underwent modified 
back-to-back colonoscopy with HR-WLE and NBI performed by the same endoscopist. 
Patients were randomly allocated to one of the 2 arms: (1) HR-WLE group: first inspection 
with HR-WLE followed by a second inspection with NBI; 2) NBI group: first inspection 
with NBI followed by a second inspection with HR-WLE. Polyps detected during the first 
examination were removed immediately. Consequently, polyps detected during the 
second examination were classified as missed polyps. All polyps ≥ 3 mm were removed. 
Polyps smaller than 3mm in size were not removed and not counted in the miss-rate. 
The order in which patients received both techniques was determined by block 

Technique A Technique B

Technique A Technique B

polyp removalpolyp removal

Randomization

removal of 
additional polyps

removal of 
additional polyps

Figure 1. Randomized-cross over design with removal of polyps (adapted from Van den Broek et al.18)
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randomization (block sizes of 4) with stratification by endoscopist. Randomization was 
performed by opening a sealed opaque envelope once the cecum, or neo-terminal il-
eum in case of right hemicolectomy, was reached and bowel prep assessed as adequate.

The colon was divided into 5 segments (cecum, ascending, transverse, descending 
and rectosigmoid). During withdrawal, the 5 segments were sequentially inspected 
with the first imaging technique, followed by a re-examination with the second imag-
ing technique. In case no other landmarks (e.g. liver shining through the colonic wall) 
were available, random biopsies were taken to mark the end of the first examination. 
For all polyps, size (measured with an open biopsy forceps), location, morphology 
(Paris classification15) and polypectomy technique was noted on a case record form by a 
research fellow or nurse. Withdrawal time during both examinations was recorded by a 
stopwatch. Time needed for polypectomies was subtracted. The proximal colon was de-
fined as proximal to the sigmoid (cecum, ascending, transverse and descending colon). 
A maximum study time of 1.5 hours was set for withdrawal; otherwise the procedure 
could become too inconvenient for the patient. After passing this time limit, the study 
procedure was terminated. Polyps removed after stopping the study protocol were not 
used for data analysis.

Endoscopic equipment

All procedures were performed with CF-H180 AL endoscopes containing NBI (Olympus, 
Tokyo, Japan) in combination with an Evis Exera II processor (Olympus, Tokyo, Japan). 
During NBI, a narrow-band light filter is placed in front of the lamp located in the light 
source. During the endoscopic procedures, endoscopists could easily switch between 
HR-WLE and NBI, pressing a button on the endoscope.

Endoscopic procedure

Patients were prepared by 4 L polyethylene glycol solution (PEG) (Kleanprep; Norgine 
bv, Amsterdam, the Netherlands) or 2 L of PEG solution containing ascorbic acid (Mov-
iprep; Norgine bv, Amsterdam, the Netherlands) with an additional 2 L of liquid fluids. 
Procedures were performed under conscious sedation with midazolam and/or fentanyl 
or under deeper sedation (propofol) when indicated. After advancing the endoscope (in 
HR-WLE mode) to the cecum or neo-terminal ileum, the endoscopist assessed the qual-
ity of the bowel preparation. No attention was paid to polyps during insertion and le-
sions were only removed during withdrawal. Quality of bowel preparation was assessed 
by the validated Boston Bowel Preparation Scale (BBPS), which includes a four-point 
scoring system (0 to 3) applied to each of three segments of the colon (right, transverse 
and left) and ranges from 9 (excellent) to 0 (very poor).14 In individuals with a history 
of colonic surgery, a default score of 2 was applied for each missing colonic segment. 
Patients were not included in case of a poor bowel preparation (BBPS < 6). Cecal/neo-
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terminal ileum intubation was confirmed by identification of the appendiceal orifice or/
and ileocecal valve or ileum and photographed.

Endoscopists

All colonoscopies were performed by experienced endoscopists, each having per-
formed over 1000 colonoscopies. All endoscopists had performed a minimum of 30 
NBI-colonoscopies prior to the start of the study.

Histopathology

All tissue specimens were reviewed by one single pathologist (SvE) with a special interest 
in gastrointestinal pathology. Specimens were classified according to the Vienna criteria 
of gastrointestinal epithelial neoplasia.16 Serrated polyps (hyperplastic polyps, sessile 
serrated adenomas/polyps and traditional serrated adenomas) were classified according 
to WHO 2010 classification of tumors of the digestive system.1 In case in it was not pos-
sible to differentiate between the different serrated subtypes due to poor orientation, 
severe artefacts or poor sampling, the serrated polyp was classified as hyperplastic polyp.

Outcomes

The primary outcome of the study was the polyp miss-rate of HR-WLE (second inspec-
tion with NBI) and NBI (second inspection with HR-WLE). Additional analyses were 
performed to identify factors associated with polyp miss-rates.

Statistics

Mean with standard deviation (SD) was used in case of a normal distribution and compared 
with independent t-rest. Median with interquartile range (IQR) was used for variables 
with a skewed distribution and compared with the Wilcoxon-rank sum test. Categorical 
variables are presented as frequencies (%) and compared with the chi-square test. Polyp 
miss-rates were defined as the number of polyps detected during the second-inspection 
divided by the total number of polyps detected during the first and second examination 
and compared with the chi-square test. Associations between polyp characteristics and 
miss-rates were evaluated with logistic regression analysis, expressed in odds ratios.

Sample size

Our previous pilot study showed a polyp miss-rate of 36% with HR-WLE and 10% with 
NBI in patients with SPS. To measure a conservative difference of 15% between NBI and 
HRE with a power of 80% and a significance level of 0.05, a minimum of 310 polyps was 
required. In a previous study of SPS patients undergoing annual surveillance we found 
median number of 6 polyps per SPS patient. The calculated sample size was therefore 
52 patients.



Ch
ap

te
r 5

79

NBI for detection of polyps in patients with SPS

RESuLTS

Patient characteristics

A total of 52 eligible patients with SPS consented for participation in the study and 
underwent tandem colonoscopy. After closure of the study, one patient was excluded 
for data analysis as the endoscopist who performed the procedure performed less than 
4 study procedures. Table 1 displays the clinical characteristics of the 51 included pa-
tients. Groups were comparable with respect to age, gender, prior colectomy, prior CRC, 
withdrawal time and number of previously removed polyps.

Colonoscopies were performed by 5 endoscopists in 4 different institutions. The num-
ber of procedures performed per individual endoscopist ranged from 6 to 18.

Table 1. Baseline demographics (n=51)

First technique
P value

HR-WLE (n=25) NBI (n=26)

Mean age, y (SD) 61 (9) 58 (10) .346

Male (%) 15 (60) 10 (38) .124

Personal history of CRC (%) 9 (36) 8 (31) .692

Partial colectomy (%) 10 (40) 9 (35) .691

WHO classification .210

WHO 1 * 14 (56) 10 (38)

WHO 3 11 (44) 16 (62)

Mean number of previous polyps (cumulative) (SD)

Hyperplastic polyps 18 (20) 19 (10) .784

Sessile serrated adenomas/polyps 6 (7) 5 (5) .360

Adenomas 3 (4) 4 (4) .895

Mean net withdrawal time, minutes:sec (SD)

First inspection 9:22 min (4:11) 9:11 min (3:57) .871

Second inspection 8:58 min (3:57) 6:58 min (3:41) .076

Median Boston Bowel Preparation Score (IQR) 7 (6-9) 7 (6-9) .876

Colonoscopies per endoscopist (%) .898

Endoscopist 1 9 (36) 9 (35)

Endoscopist 2 8 (32) 6 (23)

Endoscopist 3 3 (12) 4 (15)

Endoscopist 4 2 (8) 4 (15)

Endoscopist 5 3 (12) 3 (12)

* Patients meeting WHO criteria 1 and 3 were classified as WHO 1
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Polyp miss-rates

A total of 323 polyps were detected. In the HR-WLE group, 116 polyps were detected 
during the first inspection (table 2). During the second inspection with NBI, another 47 
polyps were detected, including 40 hyperplastic polyps, 6 sessile serrated adenomas/
polyps and 1 adenoma. Corresponding overall polyp miss-rate of HR-WLE was 29% (95% 
CI: 22-36). In the NBI group, 128 polyps were detected during the first inspection (table 
2). Subsequent inspection with HR-WLE added 32 polyps, including 15 hyperplastic pol-
yps, 9 sessile serrated adenomas/polyps and 8 adenomas. Corresponding overall polyp 
miss-rate of NBI was 20% (95%CI 15-27). When comparing the overall polyp-miss rate of 
HR-WLE and NBI, no significant difference was found (p=0.065).

Separate polyp miss-rates for hyperplastic polyps, sessile serrated adenomas/polyps 
and adenomas are shown in table 2. The hyperplastic polyp miss-rate of NBI was sig-
nificantly lower compared with the hyperplastic polyp miss-rate of HR-WLE (p=<.001), 
while the adenoma miss-rate of NBI was significantly higher than the adenoma miss-
rate of HR-WLE (p= .020). Miss-rates of sessile serrated adenomas/polyps did not differ 
between the two groups (p=.371).

Table 2. Polyp miss-rates of HR-WLE and NBI

First technique
P value

HR-WLE (n=25) NBI (n=26)

All polyps 163 160

First inspection 116 128

Second inspection 47 32

Miss-rate, % (95% CI) 29 (22-36) 20 (15-27) .065

Hyperplastic polyps 97 95

First inspection 57 80

Second inspection 40 15

Miss-rate, % (95% CI) 41 (32-51) 16 (10-24) <.001

Sessile serrated adenomas/polyps 46 45

First inspection 40 36

Second inspection 6 9

Miss-rate, % (95% CI) 13 (6-26) 20 (11-34) .371

Adenomas 20 20

First inspection 19 12

Second inspection 1 8

Miss-rate, % (95% CI) 5 (1-24) 40 (22-61) .020

Individual polyp miss-rates of each of the 5 endoscopists are shown in table 3. One en-
doscopist had a significantly lower polyp-miss rate with NBI as first inspection technique. 
The polyp miss-rates of the other endoscopists did not differ between HR-WLE and NBI.
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Polyp characteristics associated with miss-rates

Of the 323 polyps, 79 lesions were detected during the second inspection, resulting in 
an overall polyp-miss rate of 24% (95% CI 20-29). Table 4 demonstrates associations be-
tween polyp characteristics and polyp miss-rates. Polyps smaller than 10 mm were sig-
nificantly more often missed compared with polyps ≥ 10 mm; OR 0.17 (95% CI 0.05-0.58). 
Flat lesions (Paris IIa/IIb/IIa+c) were significantly more often missed than protruding 
lesions (Paris Is/Ip); OR 1.78 (95% CI 1.05-3.03). In contrast, neither histology (adenomas 
vs. serrated polyps) nor colonic location (proximal vs. distal) was associated with polyp 
miss-rate; OR 1.19 (95% CI 0.52-2.73) and OR 1.21; (95% CI 0.69-2.11), respectively. Also 
total number of polyps detected during the procedure (< 5 polyps vs. ≥ 5 polyps) was 
not associated with polyp-miss rates; OR 1.22 (95% 0.58-2.58).

Table 3. Polyp miss-rates of the different endoscopists

No. colonoscopies No. of lesions Miss-rate HR-WLE Miss-rate NBI P value

Endoscopist 1 18 104 31% 19% .210

Endoscopist 2 14 93 25% 26% .926

Endoscopist 3 7 28 11% 11% 1.00

Endoscopist 4 6 59 25% 26% .957

Endoscopist 5 6 39 71% 13% .004

Table 4. Associations between polyp characteristics and miss-rates

No. Missed
Miss-rate

(%)

Univariate Multivariate

Odds ratio
(95% CI)

P
Odds ratio

(95% CI)
P

Histology

Adenomatous 40 9 23 1.00 1.00

Serrated 283 70 25 1.13 (0.51-2.49) .758 1.19 (0.52-2.73) .677

Size

< 10 mm 279 76 27 1.00 1.00

≥ 10 mm 44 3 7 0.20 (0.06-0.65) .008 0.17 (0.05-0.58) .005

Morphology *

Protruded 188 39 21 1.00 1.00

Flat 128 39 30 1.67 (1.00-2.80) .050 1.78 (1.05-3.03) .034

Location

Distal 119 29 24 1.00

Proximal 204 50 25 1.01 (0.60-1.71) .977 1.21 (0.69-2.11) .515

No. polyps removed during procedure

< 5 polyps 53 12 23 1.00 1.00

≥ 5 polyps 270 67 25 1.13 (0.56-2.27) .737 1.22 (0.58-2.58) .607

* Morphology was unknown for 7 polyps
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DISCuSSION

The current study reports on the potential additional value of NBI in the detection of 
polyps in patients with SPS. The overall polyp miss-rate of NBI was lower compared with 
HR-WLE, but this difference did not reach statistical significance. Multivariate analysis 
showed that small and flat polyps were significantly more often missed than large and 
protruding lesions.

Our study has several strengths, including the multicenter design, the involvement 
of 5 different endoscopists and the equal withdrawal times in both arms. Moreover, all 
tissue specimens were reviewed by one single expert pathologist to minimize intrao-
bserver variation in the diagnosis of the different serrated polyp subtypes. However, 
limitations should also be noted. First, the nature of the technique makes it impossible 
to blind endoscopists for the endoscopic imaging technique. Although this is inherent 
to all imaging studies, investigator bias in favor of one technique cannot be excluded. 
Second, both the first as well as the second inspection was performed by the same 
endoscopist. An ideal cross-over design would require that the second inspection is 
performed by another endoscopist blinded to the results of the first endoscopist. Unfor-
tunately, in our study such a design was not possible due to practical limitations. A study 
with a randomized head-to-head comparison was not feasible due to the large number 
of patients needed to achieve adequate power. Last, due to the relatively small sample 
size, results should be interpreted with caution. Although no significant difference in the 
overall polyp miss-rate was found, a trend in favor of NBI was observed (p=0.065). Due 
to the relatively small sample size, one could argue that small differences in outcomes 
or inclusion of larger number of patients would have altered this trend into a significant 
difference. Nonetheless, we like to emphasize that this difference in overall polyp miss-
rate is solely driven by a lower hyperplastic polyp miss-rate of NBI. We observed no trend 
in favor of NBI regarding the detection of sessile serrated adenomas/polyps and there 
was even a benefit of HR-WLE over NBI regarding adenoma detection. So, even if we 
would have found a significant lower overall polyp miss-rate with NBI, the lack of a clear 
benefit in reducing adenoma and/or sessile serrated adenoma/polyp miss-rates would 
have hampered its use in daily clinical practice.

Our previous randomized cross-over pilot study in patients with SPS, that was per-
formed by a single endoscopist in a single academic center, demonstrated significantly 
lower polyp miss rates with NBI compared with HR-WLE (10% vs. 36% p= < 0.001).13 The 
findings of the current study do not support this pilot-study. There are some possible 
explanations for this result. First, the pilot study was clearly limited by being conducted 
at a single institution by one single endoscopist. Even though this study was well ex-
ecuted, results might have been influenced due to investigator bias. The daily practice of 
surveillance of these patient is probably better reflected by a multicenter study. Another 
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explanation for the difference in outcome may be due to the difference in endoscopic 
equipment used in both studies. In the pilot study, procedures were performed with 
Lucera system and CF-H260Z video colonoscopes whereas procedures in the current 
study were performed with the Exera II system and CF-H180 AL colonoscopes.

NBI significantly reduced the polyp miss-rate of hyperplastic polyps. This is in concor-
dance with the results of our pilot study as well as with several other large randomized 
studies in non-SPS patients.11-13 In contrast, NBI did not prove of additional value for 
the detection of sessile serrated adenomas/polyps or adenomas. Regarding adenoma 
detection, NBI was even associated with an increased adenoma miss-rate. A possible ex-
planation for this somewhat surprising finding is that hyperplastic polyps have a greater 
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Figure 2. HR-WLE (left) and corresponding NBI (right) images of a hyperplastic polyp (A+B), sessile serrated 
adenoma/polyp (C+D) and adenoma (E+F).
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color contrast to the adjacent mucosa than adenomas or sessile serrated adenomas/
polyps under NBI. Most hyperplastic polyps appear white under NBI whereas adeno-
mas and sessile serrated adenomas/polyps often appear darker than the surrounding 
mucosa (fig. 2). As NBI often generates a dark field of view, the contrast in color between 
adenomas and the surrounding tissue may be reduced. Hyperplastic polyps are still 
highlighted under these circumstances and might therefore be detected with greater 
ease.

Patients with SPS are at increased risk of the development of advanced neoplasia 
under surveillance.2,4 One possible explanation is that these advanced polyps and CRCs 
may originate from polyps that are missed during surveillance. Among other reasons, 
these polyps might be missed due to the multiplicity of polyps seen in patients with SPS 
resulting in a suboptimal overview of all lesions. Interestingly, our study demonstrates 
that an increasing number of polyps was not associated with higher polyp-miss rates. 
Moreover, the overall polyp miss-rate in our cohort of SPS patients was 24% which is 
comparable with polyp miss-rates (22%) observed in average risk persons undergoing 
back-to-back colonoscopies.17 Hence, these findings do challenge the hypothesis that 
increased polyp miss-rates are responsible for the relatively high incidence of interval 
CRCs in patients with SPS. In this respect, cancer biology, such as increased malignant 
progression rate leading to CRC, might play a greater role. However, this remains specu-
lative and warrants further investigation.

The results of our study suggest that NBI does not reduce polyp miss-rates in patients 
with SPS compared with HR-WLE. Further multinational studies with larger number of 
patients are warranted to verify these results.
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