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ABSTRACT

Background and study aims Sessile serrated lesion (SSL)

detection rate has been variably reported and unlike adeno-

ma detection rate (ADR) is not currently a quality indicator

for screening colonoscopy. Composite detection rates of

SSL in patients undergoing average risk screening colonos-

copy are not available.

Methods Electronic database search (Medline, Embase

and Cochrane) was conducted for studies reporting detec-

tion rates of serrated polyps (SSL, Hyperplastic polyp, tradi-

tional serrated adenoma) among average risk subjects un-

dergoing screening colonoscopy. Primary outcomes were

pooled SDR (SSL detection rate) and proximal serrated

polyp detection rate (PSPDR). Pooled proportion rates

were calculated with 95%CI with assessment of heteroge-

neity (I2). Publication bias, regression test and 95%predic-

tion interval were calculated.

Results A total of 280,370 screening colonoscopies among

average risk subjects that were eligible with 48.9% males

and an average age of 58.7 years (± 3.2). The pooled SDR

was available from 16 studies: 2.5% (1.8%–3.4%) with sig-

nificant heterogeneity (I2 = 98.66%) and the 95% prediction

interval ranging from 0.6% to 9.89%. When analysis was re-

stricted to large (n >1000) and prospective studies (n =4),

SDR was 2% (1.1%–3.3%). Pooled PSPDR was 10% (8.5%–

11.8%; 12 studies). There was evidence of publication bias

(P <0.01).

Conclusion Definitions of SSL have been varying over

years and there exists significant heterogeneity in preval-

ence reporting of serrated polyps during screening colo-

noscopy. Prevalence rate of 2% for SSL and 10% for proxi-

mal serrated polyps could serve as targets while robust

high-quality data is awaited to find a future benchmark

showing reduction in colorectal cancer arising from serra-

ted pathway.

Supplementary material is available under

https://doi.org/10.1055/a-1352-4095
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Introduction
Colorectal cancer (CRC) is the third most common cancer
worldwide and screening colonoscopy is the current strongest
weapon in the battle to prevent it [1, 2]. Adenomas were long
thought to be the lone precursor lesion for development of
CRC and therefore, adenoma detection rate (ADR) was estab-
lished as a quality criterion for screening colonoscopy. Recent
evidence has shown that ADR is inversely associated with the
risk of post colonoscopy CRC incidence and mortality [3]. High
detectors can reduce such risk by 50% to 90% [4]. Therefore,
ADR has become a crucial benchmark for endoscopist perform-
ance and the target for quality improvement [3]. Serrated colon
lesions, previously thought to be benign polyps, have emerged
as another key pathway contributing to CRC development [5–
7]. Thus, with improvement in endoscopist achievement of
benchmark ADRs and serrated lesions becoming widely recog-
nized, the focus is now on serrated polyp detection with the
goal of improving overall quality of colonoscopy to reduce ser-
rated lesion-related post-colonoscopy CRC.

Emerging data are suggestive of suboptimal efficacy of colo-
noscopy in reducing the rates of proximal colon cancer (proxi-
mal to splenic flexure) which might be partly due to missed ser-
rated lesions, which tend to be in the proximal colon [8]. In ad-
dition, post-colonoscopy cancers are more likely to have char-
acteristics of serrated pathway including microsatellite instabil-
ity, characteristic histological pattern and proximal location [9,
10]. Serrated lesions represent a heterogeneous group of colo-
rectal lesions that includes hyperplastic polyps (HP), sessile ser-
rated lesion (SSL; previously SSA/P), and traditional serrated
adenoma (TSA) [5, 11]. HP are still believed to be benign lesions
with no risk of malignant transformation while SSLs and TSAs
have been considered precursor lesions. SSLs progress via the
serrated pathway to CRC [12]. CRCs derived from serrated
pathways constitute 20% to 30% of all CRCs [5, 12]. SSLs are
flat or sessile, usually covered by a mucous cap and generally
located in the proximal colon. Because of their subtle morphol-
ogy, they are difficult to detect and even when detected, are of-
ten incompletely resected. In addition, some SSL are reported
to progress to invasive cancer in a short period of time [11].
Therefore, detection of SSLs is crucial to reduce interval CRC
and CRC-related death, and efforts to increase the SSL detec-
tion rate (SDR), like ADR, could potentially decrease CRC mor-
tality. Because there is significant variation in pathologist inter-
pretation of serrated polyps in the proximal colon, the proximal
serrated polyp detection rate (PSPDR) is also an important
parameter that has shown to correlate very well with SDR.

Studies to date variably report detection rate of SSL and
proximal serrated lesions during average risk screening colo-
noscopy. Composite SDR and PSPDR for screening colonoscopy
are not known to guide endoscopists. Such summary estimates
would help track performance measures and for future search
to understand its impact on interval colon cancer. Our aim was
to conduct a systematic review and meta-analysis of available
literature to derive the pooled detection rates for SDR and
PSPDR in patients undergoing average risk screening colonos-
copy.

Methods
This systematic review and pooled-analysis was performed per
the PRISMA and MOOSE guidelines [13]. Study flow diagram de-
picting literature search, application of inclusion and exclusion
of studies, screening of articles, review and final selection is
shown in ▶Fig. 1.

Data Sources and searches

A comprehensive literature search for studies of screening colo-
noscopies reporting serrated polyp (as defined per WHO con-
sensus definition) information was performed in MEDLINE, EM-
BASE and the Cochrane Central Register of Controlled Trials
(from inception to July 15, 2020). Search terms for serrated
polyps were used to find articles of relevance without any lan-
guage restriction: (((Serrated polyp [MeSH Terms]) OR (Serra-
ted lesion [MeSH Terms])) OR (Sessile serrated polyp [MeSH
Terms])) OR (sessile serrated adenoma [MeSH Terms]). Initial
literature search was conducted by two authors (M.D. and J.F.)
and results were compared, and data was merged for study ex-
traction.

Study selection

Two reviewers (M.D. and J.F.) independently screened the
search results in all databases by title and abstract to screen eli-
gible studies after removing duplicates. Then all the eligible
full-text articles were reviewed in depth for final eligibility and
excluded when any criteria for exclusion were noted. Any pro-
spective or retrospective studies reporting information on find-
ings of screening colonoscopy in average risk individuals and
number of patients with at least one serrated polyp and SSL
were included. Studies that were in abstract form only (in lack
for variables of interest for in depth analysis), case reports and
case series, review articles, editorials and studies of diagnostic
and surveillance colonoscopy were excluded. Studies where fe-
cal immunochemical test (FIT) and other screening modalities
(i. e. flexible sigmoidoscopy, computed tomography colonogra-
phy) were used followed by colonoscopies (for investigation of
positive results) were excluded as well. Studies with subjects
undergoing screening colonoscopy in one arm and outcomes
separately reported were eligible. When there was discrepancy
regarding the study eligibility, consensus was achieved by arti-
cle review by senior author (P.S.).

Definitions

The SDR was defined as the number of patients who had at least
one SSL found on screening colonoscopy divided by total num-
ber of patients, respectively. The PSPDR was defined as the
number of patients with at least one proximal serrated polyp
(SSL, HP and/or TSA). Clinically significant (or relevant) serrated
polyps included any SSL, TSA or large HP (> 1 cm) found any-
where in the colon or hyperplastic polyp >5mm in the proximal
colon only divided by the total number of screening colonosco-
pies, respectively.
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Data extraction and Quality assessment

Two reviewers (M.D. and J.F.) independently assessed each
study for eligibility and extracted data on characteristics of the
study including article name, study type, year, number of cen-
ters, type of colonoscopy, number of patients undergoing
screening colonoscopy, gender, age, ethnicity, smoking status,
body mass index (BMI), bowel prep (type and result) and re-
ported outcomes including number of patients with at least
one SSL, proximal SSL, any serrated polyp, any proximal serra-
ted polyp, large serrated polyp and large SSL (> 1 cm), SSL with
dysplasia, TSA, and advanced adenoma. Per patient data were
collected as reported from the studies. Extracted data were ar-
ranged into tables for verification and accuracy prior to analy-
sis.

Risk of bias assessment

Information on the methodological quality of each study was
recorded and quality assessment was performed using the
Newcastle-Ottawa Scale (NOS) [14] for cohort studies. Co-
chrane risk of bias tool [15] was used for quality assessment of
randomized controlled trials (RCTs).

Statistical analysis

As the primary objective was to examine prevalence of detec-
tion of any SSL and any proximal serrated lesion in a screening
colonoscopy exam, primary outcome of this analysis was
pooled rate of SDR and PSPDR from available studies. Individual
screening colonoscopy studies might have reported detection
of these outcomes as primary or secondary outcomes. For pur-
pose of analysis, SDR was calculated as number of colonoscopy

with at least one SSL divided by number of all average risk
screening colonoscopies. PSPDR, similarly, was counted as
number of colonoscopy with at least one proximal serrated
polyp divided by number of all average risk screening colonos-
copies.

Sensitivity analysis was performed for: SDR from prospective
studies alone, SDR of studies with more than 1000 patients
alone and those with prospective studies with more than 1000
patients. Similar analyses were performed for PSPDR. Studies
with greater than 1000 patients may represent more precise
population distribution and therefore were analyzed separately
in order to minimize any heterogeneity. Analysis was restricted
to prospective studies alone to understand any bias from retro-
spective chart-based data that may interfere with pooled esti-
mate. Prediction interval with 95% confidence interval (CI) was
also derived for pooled estimate of SDR from all studies to as-
sess true population variation.

Additional outcomes that were analyzed were: pooled de-
tection rate of any serrated polyp (SSL, HP and/or TSA), large
serrated polyp (≥1 cm, proximal SSL, large SSL (≥1 cm) and SSL
with dysplasia. Pooled TSA detection rate and synchronous ad-
vanced adenoma detection rate were calculated as well. Pooled
detection rate of clinically significant serrated polyp was calcu-
lated as reported from studies directly. We also reviewed litera-
ture for incidence of new diagnosis of serrated polyposis syn-
drome after screening colonoscopy.

Study and patient characteristics were recorded in the form
of tables and data were presented as frequencies (%) or average
(mean or median as available from the study) rates with range.
Summary estimates are calculated from effect sizes from indi-
vidual studies using a random-effects model a priori per Co-

MEDLINE (Pubmed) n=1034
Embase n =2798
Cochrane n =225

Primary screening for articles of screening 
colonoscopy OR Average risk colonoscopy

Abstract review and exclusion (n =1194)

Full-text articles assessed for eligibility (n =35)

16 studies for SDR analysis
12 studies for PSPDR analysis

Removed after primary screening (n =2663)
Duplicate titles removed (n =675)

Excluded (reviews, editorials, abstract form only, no report 
of detection rates, nonscreening population) (n =1159)

Full-text articles excluded, with reasons (n =17):
▪ Surveillance alone or not clear (n =3)
▪ Use of distal attachment or electronic chromo-
 endoscopy for detection (n =5)
▪ Pathology database review or reclassification without 
 information of screening subjects (n =3)
▪ Method of screening other than colonoscopy (n =3)
▪ Bowel prep intervention study (n =1)
▪ High risk population (n =2)
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▶ Fig. 1 Study flow diagram.
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chrane handbook of systematic reviews assuming detection of
any serrated lesion during a screening colonoscopy being a
common effect across all studies. Summary estimates were re-
presented as pooled proportions with 95% confidence intervals
(CI). Heterogeneity (I2) among the studies was calculated
where I2 values of 25%, 50%, and 75% were considered as low,
moderate, and high heterogeneity, respectively. Risk of any
publication bias was examined with funnel plot. Egger’s regres-
sion was used to test for funnel plot asymmetry. The 95%Pre-
diction interval was also calculated to assess real world distribu-
tion of the pooled SDR found from this analysis. P<0.05 was
considered statistically significant. Comprehensive meta-analy-
sis v3 (Biostat, Englewood, New Jersey, United States) was used
for this pooled analysis.

Results
A total of 4057 records were found from the initial search of the
electronic databases of which after removal of duplicates and
application of primary screening criteria, there were 1194 re-
cords for review (▶Fig. 1). From this, after review of abstract
level data, there were 35 articles that were reviewed. We found
16 eligible studies [16–30] reporting SDR for pooled analysis
and 12 studies [17, 19–22, 25, 29,31–35] for PSPDR analysis
(giving total 22 studies). Studies from the same investigators
were included only when one primary outcome was reported
in one publication and another in a different one [16, 35].

There were a total of 280,370 eligible screening colonosco-
pies providing information on serrated lesions: 48.9% males;
average age 58.7 years (± 3.2). Information on smoking use
was available only in three studies (11% of subjects among
14752 undergoing screening) [16, 18, 34]. Information on BMI
was reported in only four studies [16, 18, 26, 34]. Bowel prep
was reported in 15 studies with nine studies that excluded pa-
tients with poor and inadequate bowel prep. There were total of
12 studies that were conducted in the United States while the
rest were either from Europe (n =7), Asia (China:1; Taiwan:1)
or Argentina (n =1). This and patient characteristics are listed
in ▶Table 1 and ▶Table2.

Study quality

There were eight prospective studies of which two were RCTs
[19, 21] and six were prospective cohort studies [17, 18, 22,
23, 31, 36]. The remaining nine studies were retrospective co-
hort studies. The results of study quality assessment are shown
in Supplementary Table1.

Pooled SDR

In a total of 16 studies of 234,459 subjects undergoing screen-
ing colonoscopy, at least one SSL was found in 12,677 subjects.
The pooled estimate of SDR was 2.5% (95% CI: 1.8%–3.4%)
with a high level of heterogeneity among included studies (I2

of 98.66%) (▶Fig. 2). The 95%Prediction interval for SDR was
0.6% to 9.89%.

When analysis was restricted to studies with more than 1000
patients (n =13), the pooled SDR was 2.4% (95%CI 1.7%–3.4%;
Supplementary Fig. 1). When analysis was restricted to pro-

spective studies alone (n=7), the pooled SDR was 2.3% (95%
CI: 1.5%–3.6%) (Supplementary Fig. 2). Finally, when informa-
tion for prospective studies with more than 1000 patients only
was included (n=4), the pooled SDR was 2% (95% 1.1%–3.3%;
P<0.01) (▶Table 3).

Pooled PSPDR

In 12 studies reporting PSPDR, there were 76,950 subjects un-
dergoing screening colonoscopy and at least 1 proximal serra-
ted polyp was found in 8,198 subjects. The pooled estimate of
PSPDR was 10% (95%CI 8.5%–11.8%) with high heterogeneity
(I2=98.17%) (▶Fig. 3). When studies were restricted to those
with more than 1000 subjects (n=11), the pooled PSPDR esti-
mate was 10% (8.4%–11.9%) (Supplementary Fig. 3). When
data was further restricted to prospective studies with more
than 1000 subjects (n =3), pooled PSPDR was 11.2% (95% CI
9.3%–13.5%; P<0.01) (▶Table3).

Secondary outcomes

Pooled detection rate of other outcomes are presented in ▶Ta-
ble3 and corresponding forest plots are demonstrated in Sup-
plementary Fig. 4–11.

TSA prevalence during screening colonoscopy was a rare
event with rate of 0.2% only (0.1%–0.6%). Prevalence of SSL
with dysplasia with low with rate of 0.8% (0.4%–1.6%) while syn-
chronous advanced ADR among available studies was 19.1%
(15.6%–23.1%). Only one prospective study reported incidence
of serrated polyposis syndrome found after index colonoscopy
at 0.09% (12 cases of 13,787 screened) [22]. P<0.01 for all
pooled estimates.

Publication bias

The funnel plot diagram is shown in ▶Fig. 4. Asymmetry was
detected in the funnel plot for studies of SDR. Egger’s regres-
sion test showed test of significance confirming there was evi-
dence of publication bias among available studies (intercept –
7.3; P<0.01).

Discussion
SSL and proximal serrated lesion are clinically important lesions
found during average risk screening colonoscopy and precise
prevalence rates are not known. Our analysis found that of 100
subjects underlying screening colonoscopy, at least four could
be found to have an SSL lesion while 10 of them would harbor
a proximally located serrated polyp.On the other hand, preval-
ence of TSA and SSL with dysplasia is quite low. We also found
that the pooled rate of SSL would vary extremely in the real
world ranging from <1% to around 10% which seems reflective
of high heterogeneity we noted in the available data. While
there remains concern regarding varying definitions over last
several years and heterogeneity in reporting them, this is the
first reporting of pooled estimates from the available data. Ma-
jority of the population based large cohort studies were con-
ducted before the World Health Organization (WHO) classifica-
tion of serrated lesions and hence their exact distribution and
importance was not well known until recently. The United
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▶Table 1 Study characteristics and outcomes.

Study Type of

study

Country Screen-

ing co-

lonos-

copies

Serrated

polyp detec-

tion rate

PSPDR SDR Hyperplastic

polyp detec-

tion rate

Traditional

serrated

adenoma

detection

rate

Chang 2016
[18]

Prospective Taiwan 6198 NA NA 89 (1.4 %) 11 (1.9%) NA

Ross 2015
[26]

Retrospec-
tive

USA 2833 NA NA 232 (8.1%) NA NA

Sanaka 2014
[27]

Retrospec-
tive

USA 2167 NA NA 39 (1.8 %) NA NA

Pereyra 2014
[36]

Prospective Argentina 272 NA NA 21 (7.7 %) NA NA

Hazewinkel
2014 [19]

RCT Nether-
lands

1426 388 (27.2%) 174 (12.2%) 68 (4.8 %) 33 (23.8%) 1 (0.1 %)

Leung 2012
[33]

Retrospec-
tive

China 1282 274 (21.4%) 92 (7.1%) NA NA NA

Kahi 2011
[32]

Retrospec-
tive

USA 6681 3984 (59.6%) 1238 (18.5%) NA NA NA

Hetzel 2010
[20]

Retrospec-
tive

USA 7192 NA 684 46 (0.6 %) 842 (11.7%) NA

Buda 2012
[17]

Prospective Italy 985 NA 103 23 (2.3 %) 45 (4.6%) 6 (0.6 %)

Ladabaum
2016 [23]

Prospective USA 509 13 (2.55%) NA 6 NA NA

Ijspeert 2016
[22]

Prospective Europe 13787 3676 (26.6%) 1338 (9.7%) 341 (2.4%) NA 100 (0.7%)

Ijspeert 2016
[21]

RCT Nether-
lands

1276 399 (31.3%) NA 8 (6.5%) 316 (24.7%) 1 (0.08%)

Schachschal
2016 [28]

Retrospec-
tive

Germany 1069 170 (15.9%) NA 7 (0.6%) 165 (15.4%) 0

Schreiner
2010 [34]

Retrospec-
tive

USA 3121 801 (25.6%) 348 (11.1%) NA NA NA

Anderson
2018 [16]

Retrospec-
tive

USA 5433 1016 (18.7%) NA 181 (3.3%) 1262 (23.2%) NA

Anderson
2017 [35]

Retrospec-
tive

USA 29,960 NA 3236 (10.8%) NA NA NA

Parikh 2017
[25]

Retrospec-
tive

USA 4151 NA 254 (6.1%) 179 (4.3%) NA NA

Shaukat
2019 [30]

Retrospec-
tive

USA 180150 NA NA 11170 (6.2%) NA NA

Schramm
2018 [29]

Retrospec-
tive

Germany 4161 807 (19.4%) 308 (7.4%) 124 (3%) 720 (17.1%) 4 (0.1 %)

de Wijker-
slooth 2013
[31]

Prospective Nether-
lands

1354 NA 167 (12%) NA NA NA

Klair 2020
[47]

Retrospec-
tive

USA 3513 NA NA CsSPDR: 362
(10.3%)

NA NA

Mandaliya
2019 [24]

Retrospec-
tive

USA 2850 NA 256 (9%) 68 (2.4 %) NA NA

NA, not available; RCT, randomized controlled trial; SDR, SSL detection rate; PSPDR, proximal serrated polyp detection rate; CsSPDR, clinically significant serrated
polyp detection rate.
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▶Table 2 Patient characteristics

Study Total

Sub-

jects

Males/

Total

(%)

Ethnici-

ty

Age

(mean or

median

with SD

or IQR)

Bowel prep Family his-

tory of co-

lon cancer

in 1st- or 2nd-

degree rela-

tive

Inspec-

tion

time

Cecal

intuba-

tion

rate

Withdrawal

time (Mean

or median

with± SD or

IQR)

Chang 2016
[18]

6198 3165
(51.1%)

NA 59 Poor Prep
(n =552; 9%)

NA NA 99.30% NA

Ross 2015
[26]

2833 1003
(35.4%)

Cauca-
sians (n
=1926;
68%)

55 NA 283 (10%) NA NA NA

Sanaka
2014 [27]

2167 1129
(52%)

NA 59 Excellent
prep
(N=1029);
Good prep
(n =1138)
[100%]

NA NA NA NA

Pereyra 2014
[36]

272 148
(54%)

NA 62 Inadequate
prep were
excluded

NA NA NA NA

Hazewinkel
2014 [19]

1426 727
(51%)

NA 60 Median Ot-
tawa bowel
prep score 5
(IQR 3–8)

NA NA 98.70% 10 (8–15)
min

Leung 2012
[33]

1282 620
(48.4%)

Asian
(China)
100%

49.1 NA Excluded NA 99.30% NA

Kahi 2011
[32]

6681 3273
(49%)

NA 58.9 NA Excluded NA NA NA

Hetzel 2010
[20]

7192 3165
(44%)

NA 57 NA NA NA NA NA

Buda 2012
[17]

985 375
(38%)

NA 53 Poor prep
were exclud-
ed

Excluded Total
proce-
dure
time
23.1
(± 6.4)
min

NA 6.9 (± 1.3)
min

Ladabaum
2016 [23]

509 253
(49.7%)

Cauca-
sians (n
=311;
61%)

58 (52–65) Only good
prep includ-
ed

NA NA NA NA

Ijspeert
2016 [22]

13787 6568
(47.6%)

NA 50–75 Adequate
bowel prep
(n =12693;
92%)

NA NA 13480
(98%)

NA

Ijspeert
2016 [21]

1276 652
(51%)

NA 60.1
(± 6.2)

NA NA NA NA NA

Schachschal
2016 [28]

1069 NA NA NA NA NA NA NA NA

Schreiner
2010 [34]

3121 3021
(96.8%)

Cauca-
sians: n
= 2607;
83%)

NA NA NA NA NA NA
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States Multi-Society Task Force (USMSTF) has recognized the
importance of these lesions and has recommended different
polypectomy surveillance intervals based on the pathology
and size of these polyps [37, 38]. Our study attempted to derive
pooled prevalence rates of SSL and proximal serrated polyps
detected during screening colonoscopy that can be helpful for
future studies to use as reference and examine if achieving this
target also helps with reduction in post colonoscopy colon can-
cer. Recently another systematic review [39] examined clinical
features and prevalence of SSL, however, the focus was not on
the detection rates of these lesions during average risk screen-
ing colonoscopy.

Despite known contribution of SSL towards CIMP pathway of
colonic malignancy, interval CRC cases and missed lesions [8,
40], SDR has not been investigated as a quality benchmark.
Current guidelines are not able to suggest an SDR goal to
achieve during screening colonoscopy due to two essential fac-
tors: first, lack of robust data providing real life prevalence of
SDR in screening colonoscopy and second, lack of studies of
higher SDR showing decrease in interval CRC. With surveillance
guidelines in place, goals for SDR should be clarified for practi-
cing endoscopists to track their performance. GI societies have
unanimously recommended an ADR of 25% (men and women
combined) for screening colonoscopy but a benchmark for
SDR does not exist currently [2, 41]. This could be due to several

▶Table 2 (Continuation)

Study Total

Sub-

jects

Males/

Total

(%)

Ethnici-

ty

Age

(mean or

median

with SD

or IQR)

Bowel prep Family his-

tory of co-

lon cancer

in 1st- or 2nd-

degree rela-

tive

Inspec-

tion

time

Cecal

intuba-

tion

rate

Withdrawal

time (Mean

or median

with± SD or

IQR)

Anderson
2018 [16]

5433 2702
(49.7%)

NA 61 (54–74) Poor prep
(n =237) ex-
cluded

988 (18%) NA NA NA

Anderson
2017 [35]

29960 14231
(47.5%)

NA 59 (53–66) Poor prep
excluded

Excluded NA NA <9min (57%
endos-
copists)

Parikh 2017
[25]

4151 1944
(46.8%)

Cauca-
sians: n
= 3334;
80%

60 Excellent
prep (n =
652); Good
prep (n =
2675), Ade-
quate (n =
824) [100%]

NA NA NA NA

Shaukat
2019 [30]

180150 NA NA 60.1 (± 9) Only ade-
quate preps
included

NA NA NA NA

Schramm
2018 [29]

4161 2022
(48.6%)

NA 62 (56–69) Adequate
prep (n =
4024; 96.7
%)

NA NA NA NA

Wijkerslooth
2013 [31]

1354 689
(51%)

NA 60 (55–65) Ottawa bow-
el prep score
5 (3–8)

NA NA NA 10 (8–15)
minutes

Klair 2020
[47]

3513 1585
(45%)

Cauca-
sians
n = 2740
(78%)

56.8 (
+ /-7.4)

Only ade-
quate bowel
prep includ-
ed

Excluded NA NA 10 (9–12)
minutes

Mandaliya
2019 [24]

2850 1254
(44%)

African
Ameri-
cans
(57%),
Cauca-
sians
(13%)

61 Only good/
excellent
prep

Excluded NA NA Surgeons:
11.1min,
Academic GI:
9.1min,
Community
GI: 7.9min

NA, not available; SD, standard deviation; IQR, interquartile range; GI, gastroenterology.
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factors including paucity of data on SSL, relatively recent
awareness of the pre-malignant potential of these polyps in
comparison to tubular adenomas, heterogeneity in the preval-
ence of SSL from various retrospective and prospective studies

[12], difficulty in identification of these polyps and endoscopic
resection due to their inherent characteristics and poor inter-
observer agreement among pathologists in the diagnosis of
SSL [42].

Study name Statistics for each study 
 Event rate Lower limit Upper limit Z-Value P-Value

Chang 2016 0.014 0.012 0.018 − 39 608 0.000 Blank
Ross 2015 0.082 0.072 0.093 − 35 274 0.000 Blank
Sanaka 2014 0.018 0.013 0.025 − 24 750 0.000 Blank
Pereyra 2014 0.077 0.051 0.116 − 10 921 0.000 Blank
Hazewinkel 2014 0.048 0.038 0.060 − 24 095 0.000 Blank
Hetzel 2010 0.006 0.005 0.009 − 34 112 0.000 Blank
Buda 2012 0.023 0.016 0.035 − 17 695 0.000 Blank
Ladabaum 2016 0.012 0.005 0.026 − 10 784 0.000 Blank
Ijspeert 2016 0.025 0.022 0.027 − 67 011 0.000 Blank
Ijspeert (RCT) 2016 0.006 0.003 0.012 − 14 283 0.000 Blank
Schachschal 2016 0.007 0.003 0.014 − 13 243 0.000 Blank
Anderson 2018 0.033 0.029 0.038 − 44 549 0.000 Blank
Parikh 2017 0.043 0.037 0.050 − 40 566 0.000 Blank
Shaukat 2019 0.062 0.061 0.063 − 278 064 0.000 Blank
Schramm 2018 0.030 0.025 0.035 − 38 203 0.000 Blank
Mandaliya 2019 0.024 0.019 0.030 − 30 238 0.000 Blank
 0.025 0.018 0.034 − 21 502 0.000 Blank

0.00 0.13 0.25− 0.25 − 0.13
Favours BFavours A

▶ Fig. 2 Forest plot of pooled rate of sessile serrated lesion detection rate (SDR).

Study name Statistics for each study 
 Event rate Lower limit Upper limit Z-Value P-Value

Hazewinkel 2014 0.122 0.106 0.140 − 24 392 0.000 Blank
Leung 2012 0.072 0.059 0.087 − 23 656 0.000 Blank
Kahi 2011 0.185 0.176 0.195 − 47 029 0.000 Blank
Hetzel 2010 0.095 0.089 0.102 − 56 047 0.000 Blank
Buda 2012 0.105 0.087 0.125 − 20 623 0.000 Blank
Ijspeert 2016 0.097 0.092 0.102 − 77 527 0.000 Blank
Schreiner 2010 0.112 0.101 0.123 − 36 495 0.000 Blank
Parikh 2017 0.061 0.054 0.069 − 42 167 0.000 Blank
Schramm 2018 0.074 0.066 0.082 − 42 667 0.000 Blank
Anderson 2017 0.108 0.105 0.112 − 113 428 0.000 Blank
de Wijkerslooth 2013 0.123 0.107 0.142 − 23 730 0.000 Blank
Mandaliya 2019 0.090 0.080 0.101 − 35 349 0.000 Blank
 0.100 0.085 0.118 − 23 046 0.000 Blank

0.00 0.13 0.25− 0.25 − 0.13
Favours BFavours A

▶ Fig. 3 Forest plot of pooled rate of proximal serrated polyp detection rate (PSPDR).
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Several retrospective studies have shown a predilection of
serrated polyps for the proximal colon [43, 44] and higher inci-
dence of post colonoscopy colon cancers in the proximal colon
has been attributed to possible missed serrated lesions. Ron-
dagh et al. demonstrated that the serrated polyps in the proxi-
mal colon were more non-polypoid in comparison to distal
polyps making them easier to be missed [45]. In addition, the
pathological diagnosis of SSL has a significant interobserver
variability among pathologists. Gourewitch et al [42] showed
that there was significant variation in the pathological interpre-

tation of SSL compared to adenomas. Comparing pathologists
with lowest versus highest classification rates for SSL and ade-
nomas, the SSL prevalence varied from 0.5% to 12% compared
to 28.5% to 42.4% for adenomas. This has also made it difficult
to estimate the true prevalence rate of SSL. In addition, change
in classification and identification of SSL (previously SSP/A) has
also contributed towards precise diagnosis of SSLs over time.

Recently, SDR has been correlated with ADR by few studies
and that ADR could be used as a surrogate marker [12, 26, 46].
However, there has been a concern expressed by some experts
that endoscopists who meet the ADR benchmark may not nec-
essarily have an adequate SDR. In a retrospective cohort of
more than 2000 patients, Sanaka et al [27] reported an SDR of
2% with proximal SDR three times higher than the distal colon
(1.4% vs 0.5%) but found a poor correlation between SDR and
ADR (correlation co-efficient, r = 0.35). Another potential im-
portant benchmark is the clinically significant serrated polyp
detection rate [5] since reporting SDR alone would not assist
prescribing surveillance interval when only proximal HP>5mm
is found. A recent study [47] examined correlation of ADR and
clinically significant serrated polyp detection rate among
endoscopists with ADR greater than 25%. There was a signifi-
cant positive but modest correlation between these two
parameters. These studies question the reliability of ADR as an
actual surrogate marker for SDR or clinically significant serrated
polyp detection rate and further emphasize the need for an ac-
tual benchmark for SDR. Rather than using surrogate markers,
pooled rates from the current systematic review and meta-a-

▶Table 3 Pooled estimates of detection rates with heterogeneity of screening colonoscopy studies.

Outcome Reported by N studies Pooled estimate (%)* 95% CI Heterogeneity (I2)

SDR 16  2.5%  1.8%–3.4% 98.66%

SDR for prospective studies  7  2.3%  1.5%–3.6% 94.19%

SDR for large studies (n > 1000) 13  2.4%  1.7%–3.4% 98.89%

SDR for prospective large studies  4  2%  1.1%–3.3% 95.82%

PSPDR 12 10%  8.5%–11.8% 98.17%

PSPDR for prospective studies  4 11%  9.6%–12.7% 82.01%

PSPDR for large studies (n > 1000) 11 10%  8.4%–11.9% 98.34%

PSPDR for prospective large studies  3 11.2%  9.3%–13.5% 87.95%

Any Serrated polyp detection rate 10 22% 14.9%–31.2% 99.7%

Large serrated polyp detection rate  6  1.6%  1.2%–2.2% 89.87%

Large SSL detection rate  4  1.1%  0.5%–2.2% 95.53%

Proximal SSL detection rate  5  1.6%  1.1%–2.4% 93.59%

SSL with dysplasia detection rate  7  0.8%  0.4%–1.6% 92.78%

TSA detection rate  6  0.2%  0.1%–0.6% 82.64%

Synchronous Advanced ADR 16 19.1% 15.6%–23.1% 99.63%

Clinically significant serrated polyp detection rate  4  6.3%  4.6%–8.5% 98.4%

*For all outcomes, P <0.01; SSL, sessile serrated lesion; SDR, SSL detection rate; PSPDR, proximal serrated polyp detection rate; ADR, adenoma detection rate; TSA,
traditional serrated adenoma.
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▶ Fig. 4 Funnel plot for SSL detection rate studies.
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nalysis could be used to determine if endoscopists reaching an
ADR of 30% or higher are as good at the detection of serrated
lesions.

Strengths of this current analysis include the use of robust
data from two RCTs [19, 21] and six prospective studies [17,
18, 22, 23, 31, 36] from different countries and restricting data
collection to individuals undergoing average risk screening co-
lonoscopy only. However, there are certain limitations. There
was very high heterogeneity found in all outcomes from the
pooled analysis. We attempted to examine only larger studies
(n≥1000) and prospective studies in sensitivity analysis in at-
tempt to explore it but still there was considerable heterogene-
ity. This could be from varying sample sizes, various definitions
used over years, use of adjunct modalities for electronic chro-
moendoscopy and/or distal attachments and most being single
arm studies. Unfortunately, exploration of clinical and metho-
dological heterogeneity cannot be performed due to lack of
data on them for this analysis. While this is certainly reflect het-
erogenous data but real-world prevalence of any parameter
would also follow a heterogenous distribution when assessed
in populations spread over several continents raising questions
for future studies to be answered. Finding publication bias in
the available data also supports high heterogeneity and likely
from different factors including studies of varying sizes and var-
iation in detection and reporting over years. The wide range of
prediction interval we noted also correlates with high hetero-
geneity in the available data.

In addition, only a few studies clearly report the distinction
of various serrated lesions into SSL and others; this may have
led to under representation of the actual data (true preval-
ence). Another inherent and well-established issue is the inter-
observer variation among pathologist in interpretation of SSL.
This will be difficult to control for in any future multicenter
studies as well unless there is central pathology processing of
data with structured teaching. Only a few studies reported ce-
cal intubation rates and bowel preparation information, both of
which are intrimately linked with ADR and potentially with SDR.
Also, several studies were conducted by expert and experi-
enced endoscopists with high ADRs. These factors should be
accounted for when results are interpreted. While gender is
not an important predictor of SDR [32], we did not have infor-
mation from studies to report separate SDR based on gender.
Definitions of serrated lesions have been changing over the
last several years and that may cause rates to differ a bit in any
future robust trial. However, we used only pathology-con-
firmed data from inclusion studies when possible. Differences
in colonoscopy withdrawal patterns (time required or taken,
and techniques used, i. e. retroflexion in the right colon) and
its impact on SDR is important. We attempted to include this
pertinent information from inclusion studies. However, this
was not the primary focus of these studies and so its impact
on pooled SDR and PSPDR could not be determined. Also, we
were not able to obtain adequate information from these stud-
ies done over time to examine if concurrent use of electronic
chromoendoscopy modalities like narrow band imaging (NBI)
and others could have contributed to higher detection of serra-
ted polyps over years.

Conclusion
In conclusion, the current study provides pooled estimates of
SSL and proximal serrated polyp detection rates for average
risk screening colonoscopy from the available literature. These
data may provide a reference for future prospective studies
with clear SSL definitions to confirm precise SSL rates for
screening colonoscopy. This has implications for assessing
practicing endoscopists and trainees in terms of the quality of
colonoscopy they can perform. We anticipate future research
geared toward establishing robust evidence to identify precise
SDR rates that are valid, generalizable, and reliable and that can
be shown to reduce interval cancer rates, which will improve
the quality of screening colonoscopy.
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