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ABSTRACT

Introduction: accurate preoperative localization of colorectal cancer
(CRC) is very important, with a wide range of published error rates.

Aims: to determine accuracy of endoscopic localization of CRC
in comparison with preoperative computed tomography (CT). To
analyse variables that could be associated with a wrong endoscopic
localization.

Patients and methods: endoscopic and CT localization of a
series of CRC without previous surgery were reviewed. We studied
the concordance between endoscopic and radiologic localization
against operative findings comparing accuracy of endoscopy and
CT. We analysed the frequency of wrong endoscopic diagnoses with
regard to a series of patient, endoscopy and tumor variables.

Results: two hundred thirty seven CRC in 223 patients were
studied. Concordance with surgical localization was: colonoscopy
= 0.87 and CT = 0.69. Endoscopic localization accuracy was:
91.1%; CT: 76.2%: p = 0.00001; OR = 3.22 (1.82-5.72). Obstruc-
tive cancer presented a higher rate of wrong localization: 18 vs.
5.7% in non-obstructive tumors (p = 0.0034; OR = 3.65 (1.35-
9.96). Endoscopic localization mistakes varied depending on tumor
location, being more frequent in descending colon: 36.3%, p =
0.014; OR = 6.23 (1.38-26.87) and cecum: 23.1%, p = 0.007;
OR = 3.92 (1.20-12.43).

Conclusions: endoscopic accuracy for CRC localization was
very high and significantly better than CT accuracy. Obstructive
tumor and those located in the descending colon or cecum were
associated with a significant increase of the error risk of CRC endo-
scopic localization.
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INTRODUCTION

At present, colonoscopy is still considered the “gold stan-
dard” for the diagnosis of colorectal cancer (CRC) and to
determine the anatomical colonic segment where the lesion
is located (1-4). Once CRC has been diagnosed, computed
tomography (CT) performance is indicated in the preoper-
ative staging. CT findings allow not only tumor staging but
also tumor localization in the colon (5-8).

Accurate CRC preoperative localization is very impor-
tant in order to indicate adequate surgical treatment. This
fact is even more relevant under certain circumstances,
as in cases of endoscopically resected malignant polyps
which require further surgery, small or flat tumors and
neoplasms located close to the splenic flexure, all of them
difficult cases for surgical localization of the lesion (9).
Finally, the spread of laparoscopic surgery in the treatment
of CRC, with obvious advantages (1,10) has the disad-
vantage of loosing the opportunity of intraoperative
colonic palpation, which can lead to the impossibility of
identifying the tumor if we don’t previously know its accu-
rate location (11).

According to the literature, endoscopic accuracy for a
correct localization of CRC shows controversial results,
with a range of a wrong localization between 4 and 34%
(1,2,5,9,12-17). Besides this wide range regarding wrong
endoscopic localization, it is remarkable the lack of papers
analysing possible factors which can lead to a mistaken
localization (9). It is also notorious the lack of agreement
concerning the anatomic colonic segments where errors are
more frequent (12,14,15,18).

For these reasons we designed this study with a double
aim: first to determine our endoscopic accuracy in the local-
ization of CRC, comparing the results with those of preop-
erative CT. Second, to analyse possible variables of the
patient, tumor or colonoscopy, which could be related to a
higher risk of an erroneous endoscopic localization to the
tumor.
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PATIENTS AND METHODS

A retrospective longitudinal and observational study was
performed in a series of consecutive colorectal cancers diag-
nosed by means of colonoscopy plus biopsy and confirmed
by the study of the surgical specimen from January 1" 2008
to December 31" 2010. The study was approved by the Hos-
pital Management to allow records review.

Inclusion criteria were CRC diagnosed de novo without
previous history of colonic resective surgery and with a
preoperative abdominal CT. Patients who did not undergo
surgery and patients with a colonoscopy report signed by
more than one endoscopist, were excluded.

The “gold standard” for tumor localization was that
obtained at the time of surgery, which was divided into rec-
tum, sigmoid colon, descending colon, transverse colon,
ascending colon and cecum.

Preoperative CT was performed after colonoscopy.
Therefore the endoscopist was the only blind explorer
regarding CRC location, as both the radiologist and surgeon
were aware of the possible tumor location. This study did
not assess the accuracy of barium enema as the procedure
was only performed in five patients with obstructive tumors.

In our center the endoscopic identification of the different
colonic segments is established according to the following
features —cecum: Segment limited by the ileocecal valve
which includes the appendiceal orifice; ascending colon:
Between the ileocecal valve and the shadow of the hepatic
flexure; transverse colon: Between the shadows of the
hepatic and splenic flexures, with a triangular shape of its
haustras; descending colon: Straight segment between the
splenic flexure and 40 cm (while withdrawing the endo-
scope); sigmoid colon: Tortuous segment between 40 and
15 cm from the anus; rectum: The distal 15 cm.

Concordance between surgical location and radiologic
and endoscopic localization was studied based on CT and
colonoscopy reports. We compared endoscopic localization
accuracy with that of CT: We determined the possible vari-
ation of endoscopic accuracy along the 3 years of the study
period.

To assess those parameters which could be associated
to a wrong tumor localization, we compared the frequency
of erroneous endoscopic diagnoses with regard to the fol-
lowing variables: sex; age > 70 yr; body mass index divides
into < 20 (low weight), 20-24 (normal weight), 25-29 (over-
weight) and > 29 (obesity); colon cleansing: good (proper
visualization of the mucosa), fair (liquid content which
allows an acceptable examination of the mucosa) an poor
(solid or liquid content which makes difficult mucosa exam-
ination); endoscopist expertise (staff vs. last year resident);
presence of synchronous cancer; colonic obstruction and
finally anatomical colonic location for CRC in the different
segments of the colon.

Statistical analysis was performed with SPSS-17 pro-
gramme, using Kappa, Fisher and Square Chi tests and
determining odds ratio (OR) and 95% confidence interval
(CI 95%). We considered significant values of p < 0.05.
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RESULTS

Two hundred and thirty seven CRC in 223 patients were
analysed. We registered an isolated tumor in 210 cases,
double in 12 and in one patient 3 synchronous neoplasms
were diagnosed. Median age was 69.5 + 11.2 years.

Colonoscopies were performed by 14 specialists: 11 staff
doctors and 3 last year residents. Overall characteristics are
shown in table L.

In table II, anatomical CRC localization is summarized
divided into surgical, endoscopic and radiologic diagnosis
(CT).

Endoscopic tumor location was accurate in 216/237 cases
=91.1%, CI 95%: (87.3-95) and did not vary along the
study period: 2008 = 89.2%; 2009 = 90.7% and 2010 =
93.7% (p = 0.59).

Colonoscopy misdiagnosed CRC in a segment, imme-
diately proximal to the correct location in 10 cases: (4.2%)
and immediately distal in 11 (4.6%). In two patients (0.9%)
inaccurate endoscopic location led to an intraoperative
colonoscopy and in one case scheduled laparoscopic
surgery became open surgery.

All CT were performed and reported by two expertise
radiologists, according to the guidelines and criteria pro-
vided by their department.

CRC was correctly located by CT in 181/237 neo-
plasms, which means an accuracy of 76.3%; CI 95%:
(70.8-82). The radiological exploration was unable to

Table I. Characteristics of the study group

Parameters n %
Gender

Male 154 65

Female 83 35
Age

< 70 years 109 46

> 70 years 128 54
Body mass index

<20 7 3.1

20-24 38 171

25-29 120 53.8

>29 58 26
Colon cleasing

Good 164 70

Fair 46 19.5

Bad 25 10.5
Endoscopist expertise

Staff 177 74.7

Last year resident 60 25.3
Obstructive tumor

Yes 61 25.7

No 176 74.3
Surgery

Open 164 69.2

Laparoscopic 73 30.8
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Table Il. Anatomic CRC localization, according to surgical,
endoscopic or radiologic findings (TC)

Localization Surgery Endoscopy CcT
n (%) n (%) n (%)

Rectum 95 (40.1) 89 (37.6) 75 (31.6)
Sigmoid colon 61(25.7) 68 (28.7) 61 (25.7)
Descending 11 (4.6) 11 (4.6) 9(3.8)
Transverse 11 (4.6) 12 (5.1) 8(3.4)
Ascending 33(13.9) 37 (15.6) 31(13.8)
Cecum 26 (11) 20 (8.4) 22 (9.3)
Not localizated or not

detected 0(0) 0(0) 31(13.8)

n = number of cases; % = percentage of all the group.

locate precisely the tumor in 3 cases (1.3%). In 28 cases
(11.8%) the tumor was not found in CT, being 6 cases
malignant polyps and 7 synchronous neoplasms. An incor-
rect diagnosis by CT was made in 25/237 CRC (10.5%).
The erroneous radiological location situated these lesions
in a segment immediately proximal to the correct location
in 12 tumors (5.1%) and immediately distal in 14 (5.9%).
Table III summarize the erroneous location of CRC by
endoscopy and CT.

The accuracy registered was significantly higher when
comparing the precision of tumor localization between
colonoscopy and CT: p = 0.00001; OR = 3.22; CI 95%:
(1.82-5.72).

Kappa test showed a concordance between surgical and
endoscopic findings of 0.87, falling to 0.69 when comparing
to CT results.

Among all the parameters analysed, possibly related to
the erroneous tumoral location, inaccurate endoscopic loca-
tion was more frequent in cases of obstructive cancer (11/61
vs. 10/176; p = 0.0034; OR = 3.65 (1.35-9.96). Regarding
tumor location, misdiagnosis rates were higher in descend-
ing colon: Error =4/11 (36.3%), p =0.014; OR = 6.23; CI
95%: (1.38-26.87) and cecum: Error = 6/26 (23.1),
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p=0.014
OR = 6.23 (1.38- 26.87)

OR =3.92 (1.20- 12.43)

30

231
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*p: compared to the rest of cases.

Fig. 1. Frequency of erroneous endoscopic localization, according to the
segment where the CRC is situated.

p =0,007; OR =3.92; CI1 95%: (1.20-12.43). The rest of
anatomical locations did not show significant differences.
Rectum: Error = 6/95 (6.3%); sigmoid colon: Error = 2/61
(3.3%); transverse colon: Error = 1/11 (9.1%); ascending
colon: Error = 2/33 (6.1%) (Fig. 1).

There were no significant differences in any of the rest
of studied parameters related to the frequency of incorrect
CRC location, as shown in table IV.

DISCUSSION

Surgeon previous knowledge of the accurate location of
CRC is relevant as the lack of this information may lead to
negative consequences in the surgical performance (18-
20). The need of an accurate preoperative localization of
the tumor has brought the development of different endo-
scopic techniques in order to facilitate further tumor iden-
tification at the time of surgery, including the use of clips
(21-23) and peritumoral submucosal tattooing (1,22,24-
26). More recently, the use of new technologies as the

Table lll. Cases of erroneous endoscopic tumor localization

Correct localization Endoscopic error CT error
n (%) Type of error n (%) Type of error
Rectum 6 (6.3) located in sigmoid colon 11 (11.6) located in sigmoid colon

Sigmoid colon

2 (3.3) located in descending

1 (1.6) located in descending

Descending 3(27.3) located in sigmoid colon 2 (18.2) located in sigmoid colon
1(9.1) located in transverse
Transverse 1(9.1) located in descending 1(9.1) located in descending
Ascending 1 (3) located in transverse 4 (12.1) located in cecum
1 (3) located in cecum
Cecum 6 (23.2) located in ascending 6 (23.2) located in ascending
Not localizated or not detected 0 (0) 31(13.1)
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“scope guide” or “magnetic endoscopic imaging” has been
proposed in order to identify the position of the endoscope
in the colon (5,21,27), therefore facilitating detected lesions
location.

Besides endoscopy, other procedures can help in the
localization of CRC. The main indication of preoperative
colonography are those cases of incomplete colonoscopy
due to the presence of an obstructive tumor allowing the
examination of colonic segments proximal to the structure,
but it has also showed excellent results for the localization
of CRC (1,6,19,25).

Finally, if the surgeon has difficulties in identifying the
lesion, both intraoperative hydrocolonic ultrasonography
and intraoperative colonoscopy (1,25) can be performed,
although secondary colonic distension can interfere with
laparoscopic surgery performance (29).

Regarding endoscopic localization, every published
paper shows a certain percentage of wrong preoperative
tumor localization (1,2,5,9,12-17). As we have already men-
tioned, it is remarkable the variability of reported rates of
mistaken localization, ranging between 4% (14) and 34%
(17). This last study was published in 1988 and its bad
results could be related to the use of less sophisticated endo-
scopic material. However, more recent publications still
report high rates of erroneous endoscopic localization: 21%
in 2005 (9) and 20.2% in 2010. Our percentage of mistaken
localization, 8.9%, did not show relevant variation during
the study period and is only worse than the 4% of Vaziri in
2010 (14) and the 6.25% of Ellul in 2011, in this case using
an electromagnetic system to make a 3D estimation of the
intracolonic position of the endoscope (5).

The consequences for the patient with erroneous pre-
operative tumor localization can be multiple. Complication
include inadequate patient positioning for surgical inter-
vention (2), wrong situation of laparoscopic port (9), the
need of exploratory manoeuvres during surgery increasing
duration and cost of the procedure (2). Erroneous tumor
localization can have more consequences, causing in 4-
12% of cases a change of planned surgical strategy, includ-
ing reconversion of laparoscopic to open surgery (9,19).
Under certain circumstances, an error will not influence
the surgical procedure (right hemicolectomy with a wrong
diagnosis between cecum or ascending colon). However
several publications have showed that a previous mistaken
localization has been responsible of serious situations as
resecting a colonic segment not containing the tumor
(2,18,20). In all our cases, errors consisted in localizing
CRC in the proximal or distal segment to its real surgical
situation, and so initial surgical plan had to be modified
in only one case, changing to open surgery and intraop-
erative colonoscopy performance was required in two
patients.

The main indication of preoperative CT in colorectal
cancer is tumor staging, being less useful for tumor diag-
nosis and localization (7,8) and with higher accuracy rate
than other radiologic procedures as colonography (1,6,19).
Quite often, CT can not identify the tumor, particularly with
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Table IV. Parameters without statistical significance,
regarding erroneous tumor localization

Parameters Incorrect localization (%) n
Gender 0.86
Male 9.1
Female 8.4
Age 0.28
< 70 years 11
> 70 years 9.3
Body mass index 0.59
<20 12.5
20-24 13.1
25-29 8.4
> 29 7
Colon cleasing 0.95
Good 9.2
Fair 8.9
Bad 8.6
Endoscopist expertise 0.79
Staff 8.6
Last year resident 10
Synchronous cancer 0.98
Yes 10.7
No 8.6

small lesions with published misdiagnosis rates of 32.7%
(2). This lack of tumor identification occurred in 11.8% of
our patients, being malignant polyps or synchronous tumors
of small size in half of the cases. Our overall CT accuracy
for a correct tumor localization, 76.3%, is situated in the
middle of other published series, ranging from 50 to 83%
(2,5). As in other reports, CT accuracy has been lower than
colonoscopy precision, reaching statistical significance and
presenting a three fold risk of erroneous localization. In
agreement with these data, CRC localization concordance
between CT and surgery, assessed with Kappa test, could
only be considered important while it was almost perfect
between surgery and colonoscopy. Finally we would like
to comment that surgical decisions were taken according
to endoscopic findings and so CT errors had no influence
on patients management. Among published papers, only
the publication of Piscatelli (9), statistically analyses pos-
sible error causes. The authors conclude that only previous
colorectal resective surgery was significantly related to a
higher rate of incorrect tumor localization. It seems obvious
that previous surgery modify certain anatomic references
useful for the endoscopist, facilitating a mistake in lesions
location. For this reason we considered previous colonic
surgery as an exclusion criterion in our series and perhaps
this could influence the good obtained results.

In agreement with Piscatelli (9), sex, age or colonic
cleansing had no relation with the frequency of errors in
CRC localization.

It has been proposed the influence of the endoscopist in
tumor localization (1). This possibility is more remarkable
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in other countries where endoscopy is performed by dif-
ferent medical specialist: gastroenterologists, surgeons and
even internal medicine and general physicians (9). We com-
pared accuracy of tumor localization between staff doctors
and residents. The 11 staff doctors who performed colono-
scopies had wide expertise in diagnostic and therapeutic
endoscopy. The 3 trainees were last year residents who,
under supervision, performed and reported endoscopic pro-
cedures. In our study, as expected, errors were less frequent
for staff doctors (8.6%) than for residents (10%), although
as in previous published series (9) statistical significance
was not reached.

Obstructive tumors, with impossible colonoscope pas-
sage, were associated with significant increase of wrong
localization, with a three fold error risk. Even though
without statistical assessment, a Korean study mentioned
the high rate of erroneous endoscopic localization in cases
of obstructive tumors (19). A possible explanation could
be that in an incomplete colonoscopy certain anatomic
references are not reached, as colonic flexures and ileo-
cecal valve, making accurate localization more difficult
(19).

We have studied the possible relation between the colonic
segment where the tumor is located and the risk of erro-
neous endoscopic location. In our series, CRC localization
in the cecum and descending colon was associated with a
significant higher rate of wrong diagnosis, presenting a six-
fold and four-fold error risk respectively.

The scant available literature shows controversial results
regarding the distribution of endoscopic errors among the
different colonic anatomical segments. Some authors agree
with us indicating a high rate of wrong localization in the
left colon (15), both in the descending and the sigmoid
colon (14). In the majority of cases, inadequate localization
is favoured by the variable length and mobility of the sig-
moid colon as well as by the lack of anatomical and endo-
scopical marks to define the transition between the sigmoid
and descending colon. Surprisingly, other paper report com-
pletely opposite data, no finding endoscopic errors when
the tumors are located in the descending (18) or the sigmoid
colon (2). Finally, the comment that, as in our series, a high
number of endoscopic errors has been reported for cecal
CRC (12). In this anatomical segment, tumors can be large
and make difficult ileocecal valve visualization. This fact
can lead the endoscopist to localize the tumor in the ascend-
ing colon instead of the cecum.

With the limitation of any retrospective study, and a pos-
sible bias in the reported results, we conclude that:
colonoscopy accuracy for a correct CRC localization has
been very high, better than the majority of previously pub-
lished series, and significantly higher than that of preoper-
ative abdominal CT. Concordance between surgical and
endoscopic tumor localization has been excellent. Among
all the assessed parameters, obstructive tumors, and tumors
located in the cecum or descending colon are associated
with a significant increase of the error risk in the endoscopic
localization of CRC.
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