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Abstract. – OBJECTIVE: Colonoscopy is rec-

ognized as the primary screening test for colorectal cancer. However, its inaccuracy in identifying the exact tumor localization is still high.
As a consequence, repeated colonoscopies and
changes in the surgical management have been
reported. This study aims to evaluate the quality
of 216 colonoscopies, to define colonoscopy accuracy and to investigate the surgical sequelae
of an incorrect localization.
PATIENTS AND METHODS: A retrospective
analysis of 216 colonoscopies has been conducted. Colonoscopy quality was assessed on:
quality of bowel preparation, completeness of
the examination, video and/or photographic
documentation, and reported the distance of the
lesion from the anal verge. Colonoscopy accuracy was evaluated in terms of correspondence
between the endoscopic and intra-operative tumor localization.
RESULTS: Bowel preparation adequateness
was reported in 121 out of 216 (56%) colonoscopies, with an adequate grade in 68.6% of cases.
A complete colonoscopy was accomplished in
86.9% of cases with photo documentation in only 59 colonoscopies (27.3%). The lesion distance
from the anal verge was documented only in 93
out of 216 colonoscopies. Of the 157 lesions
described at the colonoscopy, 117 matched
with the intra-operative localization (accuracy
74.5%). Fifteen of the 40 incorrectly localized lesions (37.5%) required changes in the surgical
management. At multivariate analysis, the colonoscopy completeness was the only influencing
factor on the concordance between endoscopic
and intra-operative localization.
CONCLUSIONS: Colonoscopy demonstrated
adequate accuracy in localizing lesions. However, the incorrect tumor localization leads to a
high rate of changes in surgical management.
Increase in colonoscopy quality is needed to reduce the risk of incorrect localizations.
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Introduction
Colonoscopy is widely used as the primary
screening examination for colorectal cancers
(CRCs) or as workup in case of positive blood fecal tests or radiologic examinations1-3. The direct
visualization of the colonic mucosa and the possibility of taking biopsy and/or excising polyps
and early cancers made colonoscopy an essential
step in both the diagnosis and early treatment of
CRCs2,4. However, its inaccuracy in tumor localization ranges between 4% and 21%1,5. Such a wide
range could be mainly related to the endoscopists’ experience and consequently to the quality of
the colonoscopy performed6-8. As a matter of fact,
71% to 86% of interval cancers can be attributed
to the inadequacy of the first colonoscopy, since
they usually represent missed lesions or as a result of incompletely resected tumors9-12.
The recent implementation of minimally invasive surgical (MIS) techniques has made endoscopic
localization of colonic lesions even more essential
for surgical planning, mainly due to the absence
of tactile feedback13. Unlike the open approach,
during which the tumor can be directly palpated,
the tumor may not be readily apparent, unless large and involving the serosa surface. This leads to
the frequent need for intraoperative colonoscopies,
to open conversion and, in the worst cases, to the
removal of a wrong segment of bowel14,15.
Endoscopic tattooing significantly facilitates
the intraoperative detection of tumors, but the dye
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injection into the mesenteric side or its excessive
widespread in the peritoneal cavity make it difficult to be observed16. These concerns have led to
the need for improvements in the quality of colonoscopy to maximize its ability to reduce CRC
incidence and to reduce the rate of missing lesions
or repeated colonoscopies. The Gastroenterology
Societies have proposed multiple indicators of colonoscopy quality17, but choosing and measuring
the most appropriate parameters remains a work
in progress.
The purpose of our study is to evaluate the quality of 216 colonoscopies performed, assessed on
predefined parameters. In addition, the accuracy
of preoperative colonoscopy lesion localization
was evaluated. Furthermore, factors leading to
incorrect localization and surgical and clinical sequelae were investigated.

Patients and Methods
After Institutional Review Board (IRB) approval, all patients with a CRC diagnosed by colonoscopy and who received a colorectal resection at
the Digestive Surgery Unit of the “A. Gemelli”
Hospital between February 2017 and January 2018
were included in the study. Open access procedures as well as laparoscopic and robotic resections
were considered for analysis. Both patients who
had colonoscopy performed in our or other centers
were included. Demographic data, indication for
colonoscopy and surgical procedures performed
were retrospectively reviewed. Colonoscopy quality was assessed on predefined parameters: quality
of bowel preparation, completeness of the examination, video and/or photographic documentation,
and reported distance of the lesion from the anal
verge. Lesion localization was ascribed to one of
eight segments (rectum, sigmoid colon, descending colon, splenic flexure, transverse colon, hepatic flexure, ascending colon and caecum). Both
positions from the endoscopic and surgical reports
were registered and any change to the intended surgery was documented. When a preoperative computed tomography (CT) was performed, location
according to the radiological exams was analyzed
for accuracy and concordance with the endoscopic
and surgical reports.
Statistical Analysis
Means and standard deviations (SDs) were used
for all continuous data while numbers and percentages were calculated for all categorical data.

Univariate analysis included Mann-Whitney U
test, χ2-test, and Fisher exact tests. All tests were
two-tailed and a p-value ≤ 0.05 was considered statistically significant for all analyses. Multivariate
analysis was performed by means of logistic regression on variables that were significant at univariate analysis. All data were analyzed using SPSS
for Windows, version 21 (IBM Corp., IBM SPSS
Statistics for Windows, Armonk, NY, USA).

Results
Patients’ Demographic and Clinical
Characteristics
A total of 154 patients who had a preoperative colonoscopy and who underwent surgical resection in our unit were identified and included
in the study. Three patients had more than one
lesion, while 46 (29.8%) and 8 (5.2%) patients
underwent 2 and 3 pre-operative colonoscopies,
respectively. Therefore, a total of 157 lesions were
encountered and a total of 216 colonoscopies were
analyzed.
Patients’ demographic characteristics, lesion
size and localization at the colonoscopy are reported in Table I. Patients’ mean age was 66.4
years (range 41-86); 77 (50%) were male. Only
five patients had a previous colorectal resection.
Mean lesion size was 36.8 (5 to 110) mm, more
frequently located in the sigmoid colon (38 out of
157 lesions – 24.2%). An endoscopic tattoo was
performed in a total of 69 (44.8%) patients: during
the first colonoscopy in 51 cases and during the
second and third colonoscopy in 16 and 2 cases,
respectively. An open surgical approach was performed in 66 out of 154 cases (42.8%), while 73
(47.4%) and 15 (9.7%) patients underwent a laparoscopic and robotic resection, respectively.
Colonoscopy Quality Assessment
Bowel preparation adequateness was reported
in 121 out of 216 (56%) colonoscopies performed, while in the remaining 95 cases this data
was missing. An objective evaluation by means of
the Boston Bowel Preparation Scale (BBPS)18 was
present only in the 22.2% (48 out of 216) of cases.
Colonic preparation was defined adequate in 83
(68.6%) out of 121 cases. Forty-eight (22.2%) out
of 216 colonoscopies documented an impassable
tumor obstructing the lumen and thus excluded
from the colonoscopy completeness evaluation.
Of the remaining 168 endoscopic exams, 146
(86.9%) were described as complete. Despite the
2533

G. Quero, F. Galiandro, C. Hassan, C. Fiorillo, R. Menghi, F. Rosa, C. Cina, V. Laterza, S. Alfieri

high completeness rate, photo documentation of
caecal landmarks was available in only 59 (27.3%)
out of 216 colonoscopies. An evaluation in terms
of distance of the lesion from the anal verge was
reported in the 43% of cases (93 out of 216 colonoscopies) and it was mostly reserved to the lesions located in the sigmoid colon and rectum (71
out of 93).
Endoscopic Localization Accuracy
Of the 157 lesions defined at the colonoscopy,
117 properly matched with the location evidenced
intra-operatively, leading to a colonoscopy accuracy of 74.5% (Table II). Among the remaining 40
non-concordant cases, none of the lesions endoscopically described in the transverse colon (3 out
of 3) were intra-operatively confirmed. Conversely, only two lesions out of 33 (6%) endoscopically described in the rectum did not match with the
intraoperative report. Fifteen (37.5%) out of the
40 lesions, which differed between colonoscopy
and surgery, required changes in the surgical management as a consequence of the incorrect localization. Ten out of 15 lesions were tattooed, and
the appropriate localization was properly defined
intra-operatively. In the remaining 5 non-tattooed
lesions, 4 were recognized due to the extramural
tumor diffusion, while in one case an intraoperative colonoscopy was needed. Details of the surgical management changes are reported in Table
III. Of note, one patient required an anterior rectal
resection and an unplanned temporary ileostomy,

Table I. Patients’ demographic and clinical characteristics.
Age, mean (range), years
Gender, n (%)
Male
Female
Lesion size, mean (range), mm
Endoscopic lesion localizationa, n (%)
Rectum
Sigmoid colon
Descending colon
Splenic flexure
Transverse colon
Hepatic flexure
Ascending colon
Caecum
Endoscopic tattoo, n (%)
Surgical approach, n (%)
Open
Laparoscopy
Robot-assisted
a

n. (%)

Transverse colon
3 (100)
		
		
Hepatic flexure
8 (53.3)
		
		
Splenic flexure
2 (20)
		
Ascending colon
3 (17.6)
		
		
Descending colon
17 (70.8)
		
Sigmoid colon
2 (5.2)
Caecum
3 (13.6)
Rectum
2 (6)
Abbreviation: HR, hazard ratio; CI, confidence interval.
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77 (50)
77 (50)
36.8 (5-110)
33 (21)
38 (24.2)
24 (15.3)
5 (3.2)
3 (1.9)
15 (9.6)
17 (10.8)
22 (14)
69 (44.8)
66 (42.8)
73 (47.4)
15 (9.7)

Detected lesions: 157.

being the lesion located in the medium rectum rather than in the sigmoid colon. None of the patients required a conversion from minimally invasive
to open access due to the incorrect localization.
Surgery was not changed in the remaining 25 cases because of a minor location change not requiring variation of the surgical plan.
Table IV reports the comparison between the
concordant and non-concordant colonoscopies.
No difference was evidenced in terms of adequa-

Table II. Discrepancy between endoscopic and intra-operative localization.
Endoscopic localization

66.4 (41-86)

Intra-operative localization

n.

Descending colon
Splenic flexure
Hepatic flexure
Splenic flexure
Transverse colon
Ascending colon
Descending colon
Hepatic flexure
Caecum
Hepatic flexure
Transverse colon
Sigmoid colon
Transverse colon
Rectum
Ascending colon
Sigmoid colon

1
1
1
3
4
1
1
1
1
1
1
10
7
2
3
2
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Table III. Surgical management changes for incorrect endoscopic localization.
Endoscopic
localization

n.

Planned surgical
resection

Intra-operative
localization

Transverse colon
3
Laparoscopic transverse
Descending colon
		
colon resection		
			
Splenic flexure
			
Hepatic flexure
Hepatic flexure
4
Laparoscopic right
Splenic flexure
		
hemi-colectomy
Transverse colon
				
Splenic flexure
1
Laparoscopic left
Hepatic flexure
		hemi-colectomy
Descending colon
6
Laparoscopic left
Transverse colon
		hemi-colectomy
			
Transverse colon
Sigmoid colon
1
Laparoscopic left
Medium rectum
		
hemi-colectomy		

teness of colon preparation (p: 0.82), photo/video
recording (p:0.67) and reported distance from
the anal verge (p: 0.18). Concordance was more
frequent in case of complete colonoscopy (90.8%
vs. 73% in the concordant and non-concordant
groups, respectively; p: 0.004). Preoperative tattoo resulted more frequently performed in the
non-concordant colonoscopies (45% vs. 29% in
the concordant group; p: 0.05).
The lesion tattoo helped tumor localization in
57 out of 69 patients (82.6%). In the remaining
cases, excessive adhesions (3 cases) and dye
injection into the mesenteric side (6 cases) did
not permit proper lesion localization. An excessive peritoneal dye spreading was encountered in
three patients.
No difference was noted in terms of mean surgical time between the concordant and non-concordant groups (205.7 (±65.7) vs. 218 (±65.1) minutes, respectively; p: 0.21). No additional colorectal

Surgical resection
performed

n.

Laparoscopic
left hemicolectomy
Laparoscopic left hemicolectomy
Open right hemi-colectomy
Laparoscopic left hemicolectomy
Laparoscopic trans-verse colon
resection
Laparoscopic right hemicolectomy

1

Laparoscopic trans-verse resection

3

Open transverse re-section
Open anterior rectal resection
+ tempo-rary ileostomy

3

1
1
3
1
1

1

lesions were retrieved intraoperatively. Regarding
the post-operative course, no difference was evidenced in terms of surgical complications between the two study cohorts (14.3% -16 patients vs.
15.1% - 6 patients in the concordant and non-concordant group, respectively; p=0.88).
At the multivariate analysis only, the colonoscopy completeness was observed as an independent influencing factor on the concordance
between endoscopic and surgical localization (p:
0.037; OR: 10.8; 95% IC: 1.01-109.83).
An additional concordance analysis was done
between the preoperative radiological, the endoscopic and the intra-operative lesion localization.
CT scan was performed on 103 patients (66.8%).
In the remaining cases, preoperative CT was not
performed or available for analysis. Lesions were
identified at the preoperative imaging in 100%
of cases. A correct radiological localization was
made in 94 out of 103 cases (91.3%), while the

Table IV. Comparison between concordant and non-concordant colonoscopies.
Concordant (176)

Non-concordant (40)

Age, years, mean (SD)
67.4 (±10.2)
67.9 (±7.8)
Preparation Quality, n (%)			
Adequate
66 (37.5)
17 (42.5)
Not reported
77 (43.7)
18 (45)
Colonoscopy completenessa, n (%)
119 (90.8)
27 (73)
Photo/video recording, n (%)
47 (26.7)
12 (30)
Distance from anal verge report-ed, n (%)
72 (40.9)
21 (52.5)
Preoperative tattoo, n (%)
51 (29)
18 (45)
Operative time, min (±SD)
205.7 (±65.7)
218 (±65.1)
a

p
0.84
0.82
0.004
0.67
0.18
0.05
0.21

Evaluated on a total of 168 colonoscopies (131 concordant vs. 37 non-concordant).
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concordance with the endoscopic reports was
88.3% (91 cases out of 103). Interestingly, 14 out
of the 40 lesions (35%) incorrectly localized at
the colonoscopy were correctly identified at the
CT scan.

Discussion
According to our findings, there is a substantial rate of suboptimal quality of the index colonoscopy before surgery for CRC, with a 25.5%
rate of inaccuracy in lesion localization, leading
to change of the surgical plan in a high percentage of cases. These data are relevant for the following reason: an unexpected high rate of postCRC surgery has been described after 1 year of
follow-up, and it has been possibly related with
miss rate at baseline colonoscopy. Our data
showed that the cleansing grade was reported
only in 121 out of 216 colonoscopies (56%), and
an adequate bowel preparation in only 83 patients (68.6%). This is much lower than the 90% officially recommended. It has been already demonstrated how an inadequate bowel cleansing is a
significant risk factor for missing lesions, prolonged caecal intubation and withdrawal time17,19.
Despite “objective” bowel preparation scales
have been validated and recommended18,20,21, our
study showed that their use is very limited. Of
note, only the 22.2% of our cohort of study had a
standardized definition of the bowel preparation,
being the BBPS the only objective method used.
Secondly, we analyzed the colonoscopy completeness rate. After excluding patients with obstructive tumors, the completion rate was 86.9%
(146 out of 168). The need to ensure complete
colon visualization is based on the findings that
nearly 30% of CRCs are located in the proximal
colon 22. Even if our value is in line with other
reports17,23, such data was supported by photo
documentation only in the 27.3% of cases. This
lack does not permit an objective validation of
the examination completeness. With the aim of
investigating the colonoscopy accuracy, a comparison with the intra-operative lesion localization was also conducted. We demonstrated a
preoperative accuracy rate of 74.5%, in line with
other cases series present in the literature1,24-27,
but significantly lower than the 96% value documented by Vaziri et al26. This last discrepancy demonstrates how the endoscopist’s expertise can influence the colonoscopy accuracy. As
a matter of fact Vaziri et al 26 showed that one
2536

single high skilled surgeon performed both the
colonoscopies and operations. Conversely, we
have here reported a more real-life setting, including in the analysis colonoscopies performed
both in our tertiary referral center and in small
volume hospitals. Fifteen of the 40 incorrectly
localized lesions required changes in the surgical management, representing the 9.7% of the
study cohort, notably higher than the 4% and
3.3% reported by Yap et al28 and Vaziri et al26
respectively. One patient needed an intraoperative colonoscopy for the right localization, while
in one case an unplanned temporary ileostomy
was needed. Such a result furthermore reflects
the need for high-quality endoscopic examinations, and the use of tattoo for localizing lesions
outside clear anatomical landmarks, such as the
rectum or the caecum. In this regard, we found
the colonoscopy completeness as the most important influencing independent factor in predicting colonoscopy accuracy (p: 0.037; OR: 10.8;
95% IC: 1.01-109.83). This finding has been already showed by Borda et al24 and Yap et al28,
while Piscatelli et al29 recognized previous colorectal resections as a further influencing factor. Unfortunately, our small number of previous
colorectal surgeries did not permit us to consider
it for statistical analysis. Even if colonoscopy is
the gold standard in CRCs diagnosis, we decided to investigate if the use of complementary
diagnostic methods could increase the tumor
localization accuracy. Various guidelines have
proposed the endoscopic tattoo of the lesion as
a safe, reliable and feasible technique30,31. However, the dye injection into the mesenteric side as
well as the presence of adhesions and the excessive surrounding tissue spreading could represent a relevant limitation32. Additionally, despite
its important role, the endoscopic tattoo is not
yet widely used. As a matter of fact, only the
44.8% (69 patients) of our cohort of study underwent an endoscopic tattoo, similarly to other
case series28. The endoscopic tattoo helped tumor localization in 82.6% of the tattooed lesions
(57 out of 69). Interestingly, we found that it
was more frequently performed in the non-concordant group of patients (45% vs. 29% in the
concordant group; p: 0.05). This result would
demonstrate the endoscopists’ tattoo use especially in case of uncertain tumor localization,
especially related to incomplete colonoscopies.
As a further method, the complementary role
of CT imaging was also investigated. Of note,
the 35% of the incorrectly localized lesions at
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the colonoscopy were correctly visualized at the
CT scan. However, it should be underscored how
such correspondence is directly related to the lesion dimension28. Our mean lesion size was 36.8
mm, similar to Yap et al’s28 cohort of study (40.6
mm), who demonstrated a correct CT localization
in 38.6% of cases of an incorrect endoscopic localization. This rate reached 52.4% in Lee et al’s33
work for a mean tumor lesion of 57.2 mm. Only
few other studies assessed the utility of CT in tumor localization. Feuerlein et al34 documented an
accuracy rate of 67.4% as compared with 78.7%
for endoscopy. This value lowers to 62% in Solon et al35 case load for transverse colonic lesions.
Conversely, Loffeld et al36 demonstrated an overall accuracy of 90.5% for radiological imaging in
case of sigmoid or rectal cancers. These inhomogeneous results reflect the impossibility to draw
a solid conclusion on the real role of CT in tumor localization. This is mainly due to the small
sample sizes of most studies, and to the different
selection criteria used by the authors. According
to our practice, we do believe that CT scan might
give a significant contribution in tumor localization when used selectively and in concert with
colonoscopy, especially in case of larger lesions.

Conclusions
We acknowledge that the retrospective design
of the study represents its main limitation. However, the involvement of both a tertiary referral
center and small volume hospitals does represent
a real-life situation. Colonoscopy has demonstrated an adequate accuracy, but in case of incorrect
localization, a dramatic change into the surgical
management has been reported. In this regard, it
is essential to define proper parameters to increase
the colonoscopy quality. Additionally, an appropriate endoscopist’s expertise is mandatory. Colonoscopy training should emphasize the need to
properly recognize colonoscopy positions as well
as defining appropriate complementary methods
to reduce the risk of incorrect localizations.
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