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Abstract:

Endoscopy is a complex procedure that requires advanced training and a highly skilled
practitioner. The advances in the field of endoscopy have made it an invaluable
diagnostic tool, but the procedure remains provider dependent. The quality of
endoscopy may vary from provider to provider and, as a result, is not perfect.
Consequently, 11.3% of upper gastrointestinal (UGI) neoplasms are missed on the initial
upper endoscopy (EGD) and 2.1-5.9% of colorectal polyps or cancers are missed on
colonoscopy. Pathology is overlooked if endoscopic exam is not done carefully,
bypassing proper visualization of the scope’s entry and exit points or, if exam is not
taken to completion, not visualizing the most distal bowel segments. We hope to shed
light on this issue, establish areas of weakness, and propose possible solutions and

preventative measures.

Key words: high-quality colonoscopy, esophagogastroduodenoscopy, EGD, cancer

screening, endoscopy

Core tip:

Endoscopy has become a widely used diagnostic tool and plays an instrumental role in
screening and surveillance of gastrointestinal pathology. Despite its wide acceptance, it
remains provider dependents and, as a result, is not perfect. Both upper and lower
endoscopy have weaknesses and shortcomings unless executed flawlessly. A high-
quality endoscopy includes a complete examination of the bowel, including distal

segments that are difficult to visualize, as well as scope’s entry and exit points. Better


http://orcid.org/0000-0003-3118-3893

understanding of the shortcomings of endoscopy may help change training and

improve physician awareness.

REVIEW:

Today, endoscopy is considered one of the best diagnostic tools for screening and
surveillance of gastrointestinal pathology. Since the beginning of the 21st century,
endoscopy use has risen by more than 50% [1]. With wider utilization of endoscopy, it
has become more and more evident that the procedure quality is multifactorial and
operator dependent [2]. Consequently, lesions may be missed depending on the level of
provider training, procedural skills, and attentiveness to subtle pathology. This

prompted development of several quality metrics to provide guidance for operators [3-

7).

Despite proposed quality metrics, there is still a significant number of missed
gastrointestinal cancers. A meta-analysis by Menon et al. suggested that 11.3% of upper
gastrointestinal (UGI) neoplasms are overlooked on the initial upper endoscopy (EGD)
[8]. Around 2.1-5.9% of colorectal polyps or cancers are missed on colonoscopy [9]. The
difference likely stems from the fact that endoscopic training has historically put
emphasis on colorectal cancer prevention and screening, while there is usually less

awareness around UGI neoplasms.



It should be noted that aside from neoplastic lesions, bleeding sources can be missed on
endoscopy and only seen on repeat examination in patients with unexplained occult GI

bleed or iron deficiency anemia with negative diagnostic work up [10].

Missed lesions on endoscopy are a common reason for malpractice lawsuits [11], which
further emphasizes the importance of quality improvement. Some of the common
reasons for why pathology is overlooked are a hastily performed endoscopy that
bypasses proper visualization of the scope’s entry and exit points, not taking

endoscopic exam to completion, and not visualizing more distal bowel segments.

Using our personal experience with 4 patients who had lesions missed or near missed
on endoscopy, we hope to expose some of the weaknesses and shortcomings of
endoscopy. Our goal is to bring the attention of other gastroenterologists to these

commonly missed areas that may go undetected.

Casel

The first patient was a 72-year-old male who presented with symptoms of dysphagia.
The initial EGD was unrevealing. It was only after the second EGD that a flat squamous
cell carcinoma was appreciated 2 cm below the upper esophageal sphincter (UES) (Fig.
1A, Fig.2 A). The lesion was missed on the initial scope insertion and was likely missed

because of a rapid scope withdrawal.

Case 2

The second patient was a 40-year-old female with iron deficiency anemia requiring
multiple blood transfusions. The patient had undergone multiple upper and lower
endoscopies and a capsule study, all of which were unrevealing. It was only after the 4th
portion of the duodenum was examined that a malignant gastrointestinal stromal

tumor (GIST) was identified, diagnosed, and resected (Fig. 1B, Fig.2 B).



Case 3

The third patient was a 50-year-old female who presented with ongoing diarrhea. Stool
studies revealed cryptosporidium. Fortunately, the patient’s colonoscopy included
examination of the terminal ileum and was able to detect a small submucosal carcinoid
tumor (Fig. 1C, Fig. 2 C). It was successfully resected with metastatic disease noted in

only one lymph node.

Case 4

Our last patient was a 68-year-old with a history of cirrhosis and recurrent bright red
blood per rectum. She had 2 colonoscopies done to find the bleeding source, both were
unrevealing. It was months later that the patient had a 2 cm anal growth examined and
diagnosed on careful retroflexion. The anal lesion was then seen on a reinspection of the

anal area. (Fig. 1D, Fig. 2 D).

Discussion

Increasing awareness of the bowel segments at risk for being missed on endoscopy is
important. Similarly, it is important to incorporate technical maneuvers that could help
identify these challenging lesions into fellowship training and post-graduate courses to
help practicing endoscopists (Tab.1, Tab. 2) [10]. Lastly, following the most recent

endoscopy quality metrics will help improve the detection of challenging lesions.

1.Colonoscopy

A complete colonoscopy should include a thorough exam of the endoscope’s entry
point (anal canal), all segments of the colon, and, if possible, the distal ileum. We are
going to discuss distal to proximal bowel segments as visualized on colonoscopy and
use it as a framework to go over commonly missed lesions for each segment along with

maneuvers and techniques that can help detect them.

1.1 Anorectum



Some of the commonly missed lesions in anorectum are anal and rectal cancer, anal
fissures, recto cutaneous fistulas, anal warts (Tab.1) [10]. This is likely because of the
scopes entry point being overlooked or not property visualized at the beginning of the
procedure. The importance of anal examination by a skilled endoscopist if further
emphasized by the fact that anorectal lesions can have a non-specific presentation and
may go undiagnosed by patient’s primary care physician. Chiu et al. found that only 54%
of patients have a rectal examination by their primary care provider when they present
with a non-specific anal complaint [12]. Another study indicated that only 23% of
patients presenting with anal complaint were diagnosed correctly by their primary care
provider; the remaining patients were erroneously diagnosed with hemorrhoids [13].
As a result, this leads to delay in diagnosis and management of anal and rectal cancers.
As proposed by quality metrics, digital rectal exam needs to be performed and
thoroughly documented prior to colonoscopy (Tab.2) [11]. Another maneuver that
could be used to enhance detection of challenging lesions in anorectum is retroflexion.
It allows for a better visualization of distal rectum and distal anus (Tab.1) [14].

Retroflexion needs to be photographed and documented [11].

1.2 Colon

Some of the commonly missed lesion of colonic segment include lesions found inside
the colonic folds (especially in sigmoid colon), right-sided colon, cecum (especially
behind the ileocecal (IC) valve), and distal ileum (Tab.1l). There are a few techniques
that can be implemented to facilitate detection of these challenging lesions (Tab.1).
Endoscopists should do a thorough examination between the haustral folds to avoid
missing even large polyps that can hide inside the folds. Cap-assisted colonoscopy is
another acceptable option as it involves a transparent attachment at the end of the scope
that can improve adenoma detection rate (ADR) by flattening of the haustral folds and

improving visualization of mucosa, especially on scope withdrawal [15].



Second look examination of the right side of the colon can help reduce the rate of cecal
lesions missed [16]. Retroflexion in the right colon is another maneuver that can
enhance visualization of right-sided lesions and improve ADR [16,17]. It entails bending

of the scope in a U-turn such that viewing lens is facing backwards [17].

Cecum intubation is a very important skill and a quality measure that can enhance
visualization of the cecum and identify lesions that are oftentimes missed. Additionally,
endoscopists should pay particular attention to the mucosa behind the IC valve.

Documentation of cecal landmarks is crucial.

All maneuvers discussed need to be thoroughly photographed and documented in the
procedure description per the colonoscopy quality metrics (Tab.2). Quality metrics
further require bowel preparation to be excellent, good, or adequate and supported by
photography and withdrawal time should be noted in documentation and exceed 6
minutes [11]. It is also encouraged that practicing endoscopist’s adenoma detection rate
(ADR) exceeds recommended thresholds. Physicians should routinely measure their

ADR and participate in quality improvement programs [11].

The optimal withdrawal time for colonoscopy remains an important topic. A 6-minute
withdrawal time was accepted, but a recent meta-analysis by Bhurwal et al. of 69,551
patients compared withdrawal time of 6 versus 9 minutes in its ability to detect
adenomas [18]. They found that odds ratio for ADR was significantly higher at 1.54 for

colonoscopies with withdrawal time of 9 minutes or more [18].

1.3 Terminal Ileum

Lesions can be missed in terminal ileum as many colonoscopies do not investigate this
bowel segment. It is important to note that the ileum is the most common site for
development of carcinoid tumors (57%) and that even primary ileal tumors are missed

on computer tomography (CT) scans in 64% of cases [19,20,21].This emphasizes the



importance of a thorough and complete endoscopic exam that may detect primary ileal
tumors early and allow for timely intervention [21]. Endoscopists should try to intubate

the terminal ileum whenever feasible.

2. Upper endoscopy (EGD)

A complete EGD should entail a thorough exam of the esophagus, including the UES,
point of entry into the stomach, other poorly visualized areas of the stomach, along with
all segments of the duodenum. We are going to discuss distal to proximal bowel
segments as visualized on EGD and use it as a framework to go over commonly missed

lesions for each segment along with maneuvers and techniques to help detect them.

2.1 Esophagus

Some of the most commonly missed esophageal lesions are immediately below the UES
and lesions in the distal esophagus (such as collapsed varices in a volume depleted
patient or subtle changes of Barrett’s segment) (Tab.1) [10]. Some possible interventions
to facilitate detection of challenging lesions are careful examination of the full length
esophagus paying particular attention to upper and lower most segments, being aware
of patient’s volume status, and allotting adequate time for examination of the segment
(Tab.1). Quality metrics for Barrett’s segment inspection time call for 1 minute
inspection time per cm of circumferential length [22]. Longer inspection time results in a
more careful visualization of the mucosa and subsequently increase chances of
detecting pathology [22]. Another quality metric that is being proposed when
examining esophagus is neoplasia detection rate (NDR) [23]. Like ADR for colonoscopy,
it is important to keep track of NDR for EGD when examining for Barrett’s segment,

because it reflects the quality of inspection [23].

2.2 Stomach
Some of the common gastric lesions missed on EGD are Cameron lesions, lesions

around gastro-esophageal (GE) junction (especially with large hiatal hernias),



arteriovenous malformations, Dieulafoy lesions (Tab.1). Some interventions that can be
done are careful inspection of GE and diaphragmatic hiatus with retroflexion of the
scope, inspection between gastric folds using the previously discussed cap-assisted
endoscopy (Tab.1) [24]. One of the EGD quality metrics that is important to remember is
adequate number of gastric biopsies, which should be greater or equal to 5 [25]. Timing
is another important quality metric. Examination time during EGD when looking for
intestinal metaplasia should be longer than 7 minutes, because longer inspection
implies a more careful exam and results in a higher rate of neoplasia detection [26]. Park
et al. observed that slow endoscopists (defined as withdrawal time of more than 3
minutes) were better at detecting neoplastic lesions (0.28%) compared to fast
endoscopists (0.20%) [27]. As a result, they proposed that examination time could be a
surrogate measure for the procedure quality [27]. Another study identified that
endoscopist who takes more than 7 minutes to complete exams is more likely to detect a
high-risk gastric lesion when compared to a fast endoscopist [28]. Given heterogeneity
of data between the two studies, it is difficult to draw conclusions regarding the optimal
examination time. This is further complicated by the fact that longer endoscopic times
are associated with cardiac arrythmias, esophageal tears, aspiration, and bacterial

translocation [29].

Incidence of gastric pathology varies in different countries. There is higher prevalence
of gastric cancer in Eastern countries. Consequently, this led to increased awareness of
gastric lesions and a more robust screening protocols in countries like Japan [30]. In
Japan, it is recommended to undergo annual upper endoscopy for anybody over the age
40. As a result, there are more early-stage gastric lesions (53%) identified when
compared to the United States (27%) [31,32]. This shows that increased awareness and

adequate training can improve subtle lesion detection.

2.2 Duodenum



Some of the commonly missed segments of the small bowel are duodenal bulb,
duodenal sweep, and 34 and 4th parts of the duodenum (Tab.1). Some of the maneuvers
that can help detect these challenging lesions are careful examination of all 4 walls of
the duodenal bulb, use of a side view scope for the duodenal sweep, advancement of
the scope by reducing the loop into the 3rd and 4th parts of duodenum (Tab.1). Many
upper endoscopies do not go past the 2nd part of the duodenum. Lesions in more distal
segments of the duodenum (34 and 4t) are usually more challenging to visualize and
require an extra-log fiber optic scope and a trained endoscopist [33]. Interestingly, 60%
of benign duodenal lesions and 50% of malignant duodenal lesions are only diagnosed

on autopsy and missed on the endoscopic exam [34].

Training

As we learn more about common pitfalls and shortcomings of endoscopy, training
fellows to recognize them becomes the next key step. It is important to standardize best
practices and shed light on the areas commonly missed in colonoscopy training [35].
One of the studies even suggested that pre-fellowship exposure to best practices of

endoscopy, can improve the learning period and procedural skill of fellows [36].

Artificial Intelligent in Endoscopy

Endoscopy continues to be an operator dependent procedure. As such, it presents a
growing opportunity for development of machine learning technology and computer
algorithms to assist endoscopists with lesion detection. Artificial intelligent (AI) has a
promise to improve accuracy of endoscopic procedures, reduce inter-operator
variability, and compensate for human error and factors contributing to it such as
fatigue or limited experience [37]. Thus far, computer-aided detection (CAD) algorithms
of Al have been trained to detect lesions both macroscopically (CADe) and by optical
biopsy/microscopically (CADx) [38]. Recent studies demonstrated that Al performed
better than endoscopists in esophageal cancer and neoplasm detection in pooled

sensitivity 94% versus 82%, respectively [39]. The specificity of Al-based endoscopy had



specificity of 85% for esophageal cancer and neoplasms [39]. Al-based endoscopy
provided a 26.5% increase in sensitivity for detection of early gastric cancer when
compared to endoscopists (sensitivity of 95%) [40]. The specificity of Al-based
endoscopy had specificity of 87.3% for early gastric cancer [40]. Al algorithms have also
been targeted towards CRC detection. Recent reports suggest that Al-assisted
colonoscopy has sensitivity of 94% [41,42]. While some reports suggest that Al may not
show significant improvement in larger polyp detection rate (38.8% vs 26.2%), Al-based
colonoscopy showed significant improvement in detection of small and flat polyps that

are easily missed (76.0% vs. 68.8% and 5.9% vs. 3.3%, respectively) [43].

Conclusion

Endoscopy has developed into a sophisticated diagnostic tool that provides great
accuracy in lesion detection, but it is not perfect and remains operator dependent. The
cases we presented expose weaknesses and shortcomings of endoscopic examination for
both the upper and lower gastrointestinal tract, providing an opportunity for
improvement. Commonly missed areas and the reason for why they were missed need
to be communicated to currently practicing gastroenterologists. Additionally, educating
fellows during their training on the possible shortcomings and weaknesses of

endoscopy may help improve the quality of procedures in the future.
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Figure 1.

A. subtle flat squamous cell carcinoma was appreciated 2 cm below the upper
esophageal sphincter. B. malignant gastrointestinal stromal tumor (GIST)
treated with hemospray in distal duodenum/proximal jejunum. C. small
submucosal carcinoid tumor in terminal ileum. D. 2 cm anal squamous cell
cancer noted on rectal exam.

Figure 2.




Table 1. Commonly missed lesions requiring second-look colonoscopy [10,15,16,17] or upper endoscopy [10,21,25].

Bowel segment

Lesions missed

Intervention to improve lesion
detection

Anorectum Anal/rectal cancers Careful anorectal exam before and on
Anal fissures scope insertion with retroflexion
Recto-cutaneous fistulas
Anal warts

Colon Lesions in colonic folds (particularly | Careful exam between the folds of the

sigmoid)

colon, especially in sigmoid segment,
consider using a cap

Excellent, good, or adequate bowel
preparation, supported by photography

Right colon

Second look
Retroflex in right colon

Cecum (especially behind IC valve)

Document examination
Examine behind the ileocecal valve
Cecal intubation rate

Terminal ileum

Lesions in ileum

Intubate in the terminal ileum

Esophagus Below UES lesions, ie., squamous cell | Careful =~ examination of  upper
carcinoma esophagus, slow scope withdrawal
Distal esophagus, collapsed varices in | Careful examination of distal esophagus
volume depleted patient and awareness of patient’s volume
status
Subtle lesions of Barrett segment Adequate time for examination of the
segment
Stomach Cameron lesions, gastro-esophageal | Careful  examination of  gastro-

junction  (especially
detect/examine  with

challenging to | esophageal junction and diaphragmatic

hiatal | hiatus with retroflexion of the scope

hernias)
Arteriovenous malformation, | Careful inspection between the gastric
Dieulafoy’s lesions folds using a cap

Small bowel Duodenal bulb Examine all 4 walls of the duodenal bulb

and

Duodenal sweep

May need to use of a side view scope

3rd and 4t part of the duodenum

Advance scope by reducing the loop
into 314 and 4t parts of duodenum

Table 2. Quality metrics for endoscopic procedures [11,21,22,24,25]

Colonoscopy

High quality bowel preparation (excellent, good, or
adequate), documented with photos

Digital rectal examination prior to colonoscopy with
results documented

Cecal intubation performed, landmarks noted in
documentation and photos recorded

Withdrawal time is 6 minutes or more

Retroflexion, if performed, is thoroughly
documented (with photographs)
Endoscopists ~ ADR  exceeds  recommended
thresholds. Physician participates in quality-
improvement and continues to measure individual

ADR

At least 1 minute of inspection per centimeter of
circumferential segment of Barrett’s esophagus

NDR record should be considered

When evaluating for gastric intestinal metaplasia, 5
or more biopsies need to be taken

Overall, EGD evaluation for gastric intestinal

metaplasia has to last 7 minutes or more







