
Introduction
Over the past decade, there has been significant interest in ap-
plying artificial intelligence (AI) technologies to various areas in
medicine. Machine learning, and a subset of machine learning
termed “deep learning,” are branches of AI centered on com-
puter algorithms that can learn to perform a certain task, with

performance that can improve over time with experience/train-
ing. An important application of AI and machine learning in co-
lonoscopy is computer-aided detection (CADe) of colorectal
polyps [1]. Several recent prospective trials have demonstrated
that CADe may increase the adenoma detection rate [2–4].

An important outcome in most CADe colonoscopy studies is
the number of false-positive alerts. A false positive is defined as
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ABSTRACT

Background The occurrence of false-positive alerts is an

important outcome measure in computer-aided colon

polyp detection (CADe) studies. However, there is no con-

sensus definition of a false positive in clinical trials evaluat-

ing CADe in colonoscopy. We aimed to study the diagnostic

performance of CADe based on different threshold defini-

tions for false-positive alerts.

Methods A previously validated CADe system was applied

to screening/surveillance colonoscopy videos. Different

thresholds for false-positive alerts were defined based on

the time an alert box was continuously traced by the sys-

tem. Primary outcomes were false-positive results and spe-

cificity using different threshold definitions of false posi-

tive.

Results 62 colonoscopies were analyzed. CADe specificity

and accuracy were 93.2% and 97.8%, respectively, for a

threshold definition of ≥0.5 seconds, 98.6% and 99.5% for

a threshold definition of ≥1 second, and 99.8% and 99.9%

for a threshold definition of ≥2 seconds.

Conclusion Our analysis demonstrated how different

threshold definitions of false positive can impact the re-

ported diagnostic performance of CADe for colon polyp de-

tection.
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an area detected by the AI system that is not deemed to be a
polyp by the endoscopist. Recent clinical studies on CADe have
used a variety of definitions for false positive, ranging from
time thresholds of > 1 or 2 seconds of an incorrect alert box, to
vague definitions such as a nonpolyp area “continuously traced
by the system,” while some studies have not specified the defi-
nition of false positive at all [5–9]. There is currently no con-
sensus definition of false positive for CADe. We aimed to study
the diagnostic performance of CADe for colonoscopy based on
different threshold definitions of false positive.

Methods
A previously validated deep learning CADe system (Shanghai
Wision AI Co., Ltd., China) for polyp detection was applied to
previously collected colonoscopy videos [7]. The CADe soft-
ware uses a convolutional neural network based on SegNet ar-
chitecture, which showed a high sensitivity and specificity for
the detection of adenomas in previous validation data [3, 6,7].
The training and validation schemes for earlier versions of this
algorithm have been detailed in previous studies, and the mod-
el has also been studied in prospective clinical trials [3, 8].

For the present study, colonoscopy videos were collected
prospectively from September 2016 to March 2017at a single
endoscopy center in Costa Rica, with consecutive patients un-
dergoing routine colonoscopy. Exclusion criteria included in-
complete colonoscopy, history of colorectal cancer or active in-
flammatory bowel disease. We chose to use a time-based defi-
nition of false-positive alerts, as these have been used in pre-
vious clinical stage CADe studies and are likely to be more clini-
cally relevant than other definitions and performance metrics
used in preclinical development of CADe systems. Preclinical
metrics such as precision recall were not included in the current
analysis.

The AI-labeled videos were independently reviewed by a sec-
ond gastroenterologist. When the AI system detects a polyp, a
blue rectangular alert box appears on the screen around the
area where a polyp is suspected. A true positive was defined as
a polyp detected by AI for any length of time that was con-
firmed to be a polyp by the endoscopist (▶Fig. 1). A false nega-
tive was defined as a polyp detected by the endoscopist but not
detected by the AI system. A false positive was defined as an
area detected by the AI system at any point that was not
deemed to be a polyp by the endoscopist and second reviewer
(▶Fig. 2). The time duration for each false positive was record-
ed using a stopwatch. Per-polyp false positive was recorded
rather than per-frame false positive. Frame-based definitions
for false positives have been used during development and ear-
ly testing of AI systems, but they are an unrealistic measure for
clinical practice as seen in earlier AI studies [7]. Different
thresholds for false-positive alerts were determined based on
the time that a false-positive alert was continuously traced by
the system. The different thresholds were: i) ≥0.5 seconds
(Group 1), ii) ≥1 second (Group 2), and iii) ≥2 seconds (Group
3). False positives were categorized with respect to the actual
endoscopic finding (mucosal fold, bubble, stool, or other).
Withdrawal times and quality of bowel preparation using both

the Boston Bowel Preparation Scale and the Aronchick Scale
were collected.

The primary outcome was number of false positives per co-
lonoscopy, using the different false-positive thresholds. Sec-
ondary outcomes were specificity and accuracy of each false-
positive group and comparison between different etiologies.

Statistical analysis was performed using STATA, version 14.0
(StataCorp, College Station, Texas, USA). Continuous variables
were presented as mean and standard deviation (SD), whereas
categorical variables were expressed as proportions and per-
centages. Continuous variables were compared using two-sam-
ple t test and categorical variables were compared using chi-
squared test. Univariate logistic regression was performed to
study factors associated with false positives. A two-sided P val-
ue of < 0.05 was considered statistically significant. Confidence
intervals for specificity and accuracy were also calculated using
“exact” Clopper– Pearson confidence intervals. The study was
approved by the local Institutional Review Board.

▶ Fig. 1 Example of a polyp detected by the artificial intelligence
system (true positive).

▶ Fig. 2 Examples of thick fold and stool debris (left) and a bubble
(right) causing false-positive alerts by the computer-aided colon
polyp detection system.
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Results
A total of 62 colonoscopy videos were included in the study. Pa-
tient and procedural characteristics are shown in ▶Table 1. At
least one polyp was detected in 42 colonoscopies by the endos-
copists. A total of 95 polyps (true positives) were detected.
There were no false negatives (none of the polyps detected by
the endoscopist were missed by the AI system).

A total of 1635 false positives were seen: 91.8% were folds,
5.6% were bubbles, and 2.5% were defined as stool or other.
The number of false positives varied in different groups based
on the respective time threshold definitions of false positive. A
total of 1498 false positives were seen only “instantaneously”
(< 0.5 seconds) and did not meet our time threshold definitions.
There were 111 false positives in Group 1 (≥0.5 seconds), 23 in
Group 2 (≥1 second), and 3 in Group 3 (≥2 seconds) (▶Ta-
ble 2).

The CADe system detected all actual polyps in all groups
(true positives) (▶Fig. 1), and missed none of the 95 polyps de-
tected by the endoscopists (false negatives). The specificity
and accuracy varied based on the threshold time categories of
false-positive alerts. With a false-positive threshold of > 0.5 sec-
onds, specificity and accuracy values were 93.2% and 97.8%.
When the false-positive definition was changed to ≥2 seconds,
specificity and accuracy were 99.8% and 99.9%, respectively
(▶Table 2).

Using the “instantaneous” threshold definition of false posi-
tive, the mean number of false positives was significantly high-
er in colonoscopies with fair or poor bowel preparation compar-
ed with excellent or good preparation (36.5 [SD 13.2] vs. 23.7
[SD 15.9]; P <0.01). Given that the mean false-positive rate was
26.3 (using the “instantaneous” threshold), we then categor-
ized colonoscopies as “high false-positive rate” (> 25 false posi-
tives) or “low false-positive rate” (≤25 false positives). High
false-positive rate was associated with a fair or poor Aronchick
bowel preparation score. We further analyzed false positives for
colonoscopies with poor bowel preparation. The mean false-
positive rate with fair or poor preparation in Group 1 was 1.9/
colonoscopy (SD 1.1); however, there were no false positives
in Group 3 (▶Table 2). Longer withdrawal times were associat-
ed with higher false-positive rates.

Discussion
An ideal CADe system should have a high sensitivity for polyp
detection, low rates of false-positive alerts, a low latency, and
low cost per procedure [9, 10]. Understanding the behavior of
CADe systems with respect to false positives is essential in com-

▶ Table 2 Diagnostic performance of computer-aided detection using different thresholds for false-positive alerts.

False-positive alert

≥0.5 seconds

(Group 1)

≥1 second

(Group 2)

≥2 seconds

(Group 3)

Total false positives (62 colonoscopies) 111 23 3

False positives per colonoscopy, mean (SD) 1.8 (3.1) 0.4 (0.8) 0.05 (0.3)

False positives per colonoscopy with fair–poor bowel preparation,
mean (SD)

1.9 (1.1) 0.2 (0.4) 0

Specificity, % (95%CI) 93.2 (91.9–94.4) 98.6 (97.9– 99.1) 99.8 (99.5–99.9)

Accuracy, % (95%CI) 97.8 (97.0–98.4) 99.5 (99.1– 99.8) 99.9 (99.7–100.0)

SD, standard deviation; CI, confidence interval.

▶ Table 1 Patient and procedural characteristics

Demographics

▪ Mean age, years 63.2

Sex, n (%)

▪ Male 24(38.7)

▪ Female 38 (61.3)

Procedure indications, n (%)

▪ Colon cancer screening 48 (77.4)

▪ Surveillance colonoscopy 4 (6.5)

▪ Abdominal pain 5 (8.1)

▪ Diarrhea 2 (3.2)

▪ Other 3 (4.8)

Bowel preparation

▪ BBPS, mean (SD) 8.3 (0.7)

Aronchick scale, n (%)

▪ Excellent 28 (45.2)

▪ Good 21 (33.9)

▪ Fair 12 (19.3)

▪ Inadequate 0

▪ Poor 1 (1.6)

SD, standard deviation; BBPS, Boston Bowel Preparation Scale.
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paring the performance of these technologies. Our current a-
nalysis revealed how different threshold definitions of false po-
sitive can dramatically impact reported false-positive results
and influence the perceived diagnostic performance of CADe
for polyp detection. In Group 1, there were 111 false-positive
alerts, whereas in Group 3 (≥2 seconds), only 3 false-positive
alerts were noted. These results had a significant impact on
the specificity and thus the accuracy of the CADe system.

Using different benchmarks for false-positive alerts can lead
to difficulty in comparing the performance of different CADe
systems, and many studies do not explicitly define false posi-
tives at all. We suggest that a consensus benchmark for defin-
ing false positives is needed to standardize the interpretation of
data for CADe in colonoscopy. We propose that a ≥2-second
threshold may be most appropriate and practical for defining
false positives in CADe for colon polyp detection. A 2-second
definition allows time for bubbles/debris to be irrigated away
and for folds to flatten with insufflation, both of which are
standard techniques during high quality colonoscopy; after 2
seconds, the few alerts boxes that remain must be carefully de-
fined as false positives. A standardized approach to false-posi-
tive definitions will not only help in determining the true accu-
racy and specificity of CADe systems, but it will allow for more
accurate comparison between different CADe systems.

Our study also revealed that poor bowel preparation was an
independent factor for increased number of false-positive
alerts, as seen in previous studies revealing many false-positive
alerts consisting of stool/bubbles [8]. This has important clini-
cal relevance outside of the clinical trial setting, as suboptimal
bowel preparation is common and endoscopists may still have
to make reasonable attempts at polyp detection.

Our study has several important limitations. Although we
utilized prospectively collected colonoscopy videos, the AI a-
nalysis was performed after the procedure. Software design in
computer-aided polyp detection is rapidly improving, and other
or newer iterations of the CADe systems may perform differ-
ently and are already being incorporated into subsequent stud-
ies. Additionally, while time-based thresholds for false-positive
alerts are more clinically relevant than the frame-based or per-
image-frame false-positive definitions often used in the precli-
nical development of CADe systems, these time-based false-
positive definitions can be influenced by endoscopist tech-
nique, including speed of withdrawal. Our proposed ≥2-second
false-positive threshold requires methodical investigation of
any areas where alert boxes are seen. In addition, as this was a
post hoc analysis of already collected videos, we did not evalu-
ate the impact of time-based definitions for AI alerts on true
positives; thus, a sensitivity calculation could not be accurately
performed. Finally, a question remains regarding whether
alerts that appear in response to an area with bubble or stool
that disappear after appropriate cleaning should be considered
as false positives or not, and previous approaches to this ques-
tion have varied. We feel that an alert box that is present for > 2

seconds (after irrigation and insufflation) is relevant for prac-
ticing gastroenterologists and should be reported as a false po-
sitive.

To our knowledge, this is the first study to evaluate the im-
pact that various false-positive time thresholds can have on the
perceived diagnostic performance of a computer-aided polyp
detection system. As the field of CADe continues to progress
rapidly, establishing consensus definitions for CADe perform-
ance parameters is of significant value. We suggest that a
false-positive threshold of ≥2 seconds is a clinically reasonable
and practical starting point. Future studies using other CADe al-
gorithms are needed to confirm that our suggested threshold
of ≥2 seconds is applicable across different CADe systems.
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