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Optical colonoscopy  (OC) has been the standard 
examination tool for decades in colorectal cancer screening 
and investigation of symptomatic patients.[1‑4] OC allows 
excellent visualization of the colon and biopsy/removal of 
polyps. However, in some patients OC can be technically 
challenging, with inability to achieve cecal intubation, 
resulting in inadequate visualization of the entire colon; 
hence a potential risk of undetected colon cancer and 
polyps.[5,6]

The frequency of incomplete OC decreased from 5–15%[7] 
to <3% over the past decade.[8,9] Despite this, the absolute 
number of patients undergoing OC has increased, making 
incomplete OC a clinically significant problem.[10,11] Factors 
that were previously shown to contribute to the risk of 
incomplete OC include: Increasing patient age, low body 
mass index (BMI), female gender, history of prior abdominal 
and pelvic surgeries, presence of severe diverticular disease, 
poor bowel preparation, experience of the endoscopist, and 
anesthesia‑related complications.[1‑4]

Patients having incomplete OC are often required to undergo 
additional studies, such as repeat OC, barium enema, or 
computed tomography colonography  (CTC). CTC is the 
preferred radiological technique for examining the colon 
due to its excellent ability to evaluate the colon as well 
as extracolonic abnormalities. Its sensitivity is 90%–95% 
for detection of polyps >10 mm and 71%–90% for polyps 
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between 5 and 9  mm.[5,12,13] This is superior to barium 
enema, which has a sensitivity of 80%–95% for detection 
of polyps  >10  mm.[2,5,7] CTC uses 3D reconstruction 
techniques, creating a virtual image of the colon allowing 
endoluminal navigation of it, similar to a gastroenterologist 
navigating the colon during OC. This provides the 
radiologist, the ability to describe colonic anatomy including 
length, flexures, and strictures.[14]

The aims of this case–control study were to retrospectively 
evaluate CTC‑based quantifiable anatomic factors that 
predict incomplete OC. Anatomical variations were 
compared with a control group who had complete OC and 
CTC. We also propose a scoring method to predict the 
likelihood of a successful OC based on CTC findings. This 
information can be used by the gastroenterologist to predict 
patients who might have incomplete colonoscopy, so that 
the time required for the OC and the equipment can be 
well planned leading to an increased efficiency and higher 
success rates of the procedure.

MATERIALS AND METHODS

A retrospective review of the database acquired at a tertiary 
academic center was used to identify patients who underwent 
CTC between January 2010 and January 2014. The study 
was approved by the Institutional Review Board for Human 
Research. Relevant data was obtained from institutional 
medical records, including age, gender, history of previous 
hysterectomy (for females), history of prior abdominal/pelvic 
surgery, date and indication for CTC, and OC procedure 
reports.

The medical records were reviewed and patients were 
divided into two groups. The “cases” were those who had 
an incomplete OC and the “controls” were those who had a 
complete OC. Both case and control patients had CTC after 
OC. The indication of CTC among the cases was incomplete 
OC. Among control patients, the indications of CTC were 
independent of those of OC such as patient preference 
for CTC as a screening procedure, patients with cardiac 
and pulmonary comorbidities, OSA, morbid obesity, not 
considered fit for anesthesia. The average interval between 
OC and CTC was 25 days among cases and 4.7 years among 
control patients. Of those that had an incomplete OC, 
patients were excluded if the reason was inadequate bowel 
preparation, luminal mass not permitting passage of the 
endoscope  (tumor), or termination of the procedure due 
to anesthesia‑related adverse events. At our institution, all 
OC were performed by a variety of gastroenterologists with 
varied experience, skill sets, and a recorded cecal intubation 
rate of >95%. An OC was declared incomplete, only after 
specific criteria was met, which included various maneuvers, 
such as change in patient position, application of abdominal 

pressure, use of lesser diameter endoscopy instruments if 
indicated, and finally after a trial by a senior endoscopist.

For OC, a standard bowel preparation was used as per the 
discretion of the ordering physician based on patient’s 
comorbidities. Every patient (cases and controls) had OC 
under monitored anesthesia care  (Propofol sedation). No 
additional bowel preparation or fecal tagging was given 
if the patient underwent CTC immediately following 
incomplete OC. Bowel preparation for dedicated CTC 
consisted of polyethylene glycol, 10  mg bisacodyl and 
ingested oral contrast material. Oral contrast was given to 
all patients in both the groups. Breath‑hold CT images were 
acquired on a 64‑ or 128‑slice multidetector CT (MDCT) 
scanner in supine and prone positions following automated 
rectal insufflation of carbon dioxide. Low CT technique 
(120 kVp and 50–100 mAs) was used with a section 
thickness of 0.7 mm or 0.5 mm for MPR and 3‑D imaging. 
No intravenous contrast was routinely given. There was no 
difference in bowel preparation among either groups.

The CTC images were independently re‑reviewed by a 
single CTC radiologist using Syngo Colonography CT 
software (Siemens Healthcare Global, Erlangen, Germany). 
The radiologist was blinded to the outcome of the OC, 
and re‑evaluated the colons using 2D multiplanar axial 
images and 3D reconstructed endoluminal “fly through” 
views [Figure 1]. Total colonic length, colonic tortuosity based 
on number of acute colonic flexures (defined as <90° focal 
bends in colon), diverticulosis (site and grade), abdominal 
wall hernia, malrotation, and strictures were recorded. 
Presence of external colonic compression was recorded if it 
subjectively could contribute to an incomplete colonoscopy.

Primarily, supine images from CTC were used for evaluation. 
For patients who had poor colonic distention, prone views 

Figure 1:  3‑D endoluminal view in a 52‑year‑old patient with incomplete 
colonoscopy for severe anemia shows normal colonic mucosa
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were reviewed. The length of colon was determined using 
endoluminal navigation or fly through, marking the anal 
opening and tip of cecum, and measuring distance between 
them [Figure 2a and b], using only complete fly throughs. In 
the event that the colon was not sufficiently distended in the 
supine or prone views, the fly through would be incomplete 
hence the length of the colon was not recorded. However, 
in such cases, other anatomical features were still noted.

The number of acute flexures (defined as <90° focal bends in 
the colon) were recorded on 3‑D images using the multiplanar 
rotational ability of the reviewing software [Figures 3 and 4].

In patients with the presence of severe diverticular disease, 
the site of the diverticulosis was noted. In patients with 
sigmoid diverticular disease, the severity was graded from 1 
to 4, in increasing order of severity [Figure 5]. The grading 

Figure 3:  3‑D volume rendered view in a 46‑year‑old patient with 
complete OC for screening of colorectal cancer shows moderately 
tortuous colon

Figure 4:  3‑D volume rendered view in a 65‑year‑old patient with 
incomplete OC for abdominal pain shows severely tortuous colon

system was based on the maximum wall thickness and the 
minimum diameter of the lumen using Diverticular Disease 
Severity Score (DDSS) in CTC [Table 1].[15]

Statistical methods
Descriptive statistical methods  (means, standard 
deviation (SD) and percentages) were used to summarize 
the data.

Bivariate analysis methods were used to compare the 
summarized data between cases and controls. Categorical 
variables were summarized using their respective frequencies 
(%) and compared using Pearson’s Chi‑square test (using 
Yates correction wherever necessary), and the odds ratios 
were reported. Continuous variables were presented as 
mean ± SD and compared using the unpaired Student’s 
t‑test.

Figure  5:   2D CTC axial image in a 57‑year‑old patient with 
incomplete OC for hematochezia shows severe diverticulosis in 
sigmoid colon

Figure  2:  (a and b) 3‑D volume rendered colon two patients with 
incomplete OC, showing measurement of colonic length, as the 
distance between two points (anal opening and tip of the cecum)

ba
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The observed data was fitted to a multivariate logistic 
regression model to evaluate the effect of the variation of each 
independent variable on the outcome of the OC, adjusted 
for the effect of each other, using a forward–backward 
stepping technique (after checking for collinearity among 
the independent variables using Kendall’s Tau‑b correlation 
coefficients). Finally, the odds ratio, P  values, and 95% 
confidence intervals were reported, after checking for 
confounding variables (by checking the Variance Inflation 
Factors). We also determine a scoring method, to find the 
chances of success of the colonoscopy on a patient, based 
on radiological parameters. This was done using Euclidean 
transformations on a plot of probabilities generated by the 
logistic regression model.

A two‑tailed probability value of  <0.05 was considered 
statistically significant. All analyses were done using SPSS 
Statistics software, version  19  (International Business 
Machines Corporation, Armonk, NY).

RESULTS

A total of 150  patients had CTC and OC during our 
study period. Of these, 80 had recorded prior incomplete 
OC. Patients in whom OC was incomplete due to poor 
preparation (n = 2), luminal mass causing obstruction (n = 6), 
and anesthesia‑related complications (n = 2), were excluded. 
Thus, our study population consisted of 140 patients, among 
whom 70 patients met our inclusion criteria as cases and the 
remaining 70 served as controls.

The reasons behind incomplete OC, as stated by endoscopists 
were redundancy or tortuosity  (n  =  34, 48.6%), severe 
diverticulosis (n = 11, 15.7%), fixed loops and adhesions (n = 16, 
22.9%), strictures (n = 2, 2.9%), spastic colon (n = 2, 2.9%), 
and undefined (n = 5, 7.1%). The most proximately intubated 
colon segment was reported as sigmoid in 33.6% cases.

The mean age of our study population was 62.8 ± 9.9 years 
(for cases) and 63.1  ±  13.0  years  (for controls). Analysis 
showed that patient age was not significantly associated with 
incomplete OC (95% CI = −4.2 to 3.6, P = 0.881) [Table 2]. 
Bivariate analysis revealed that female gender was a 
significant predictor of incomplete OC (80% vs. 58.6% with 
OR = 2.3, 95% CI = 1.3–6.0, P = 0.007) [Table 2].

Females with prior history of hysterectomy showed a 
significant association with incomplete OC (60.7% vs. 19.5% 
with OR = 6.4, 95% CI = 2.5–16.3, P < 0.001) [Figure 6]. 
A strong association was also noted between prior abdominal 
surgical history and an incomplete OC (51.4% vs. 14.3% with 
OR = 6.4, CI = 2.8–14.4, <0.001) [Table 2].

The mean length of colon among cases was 187.6 ± 30.0 cm 
compared with 163.8 ± 27.2 cm among controls [Figure 7]. 

Table 1: Computed tomographic colonographic 
diverticular disease severity scorea of sigmoid colon

DDSS Maximum wall 
thickness (mm)

Minimum lumen 
diameter (mm)

1 <3 ≥15
2 3-8 ≥5
3 ≥8 ≥5
4 ≥8 <5
CTC: Computed tomographic colonography, DDSS: Diverticular disease 
severity score of sigmoid colon. aDDSS scoring system obtained from 
Perry J Pickhardt, et al. Diverticular disease severity score based on CT 
colonography. Eur Radiol 2013;23:2723-29

Figure 6: Effect of hysterectomy on incomplete OC. Females with prior 
history of hysterectomy shows lower completion rate of OC, odds ratio 
6.35 and P < 0.001

Table  2: Comparison of demographics and clinical findings among case  (incomplete OC) and control 
patients (complete OC)

Cases Controls P OR 95% CI
Mean age 62.8±9.9 63.1±13 0.881 N/A -4.162 - 3.562
Females n (%) 56 (80) 41 (58.6) 0.007 2.82 1.331-6.016
Prior surgery n (%) 36 (51.4) 10 (14.3) <0.001 6.35 2.805-14.384
Diverticulosis n (%) 31 (44.3) 30 (42.9) 0.86 1.05 0.543-2.067
Mean flexures 11.4±3.1 8.4±2.9 <0.001 N/A 1.737-3.743
Mean total length of colon (cm) 180.6±28.4 167.2±27.5 <0.001 N/A 4.057-22.743
OC: Optical colonoscopy, CI: Confidence interval, OR: Odds ratio
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The increasing length of colon was significantly associated with 
incomplete OC (95% CI = 4.1–22.7, P < 0.001) [Table 2]. 
In 4  cases and 3 control patients, colonic length could 
not be measured due to large amount of retained fluid 
collapsing the colonic segments. Significant difference 
was observed between the mean of acute flexures among 
cases (Mean: 11.4 ± 3.1) and controls (Mean: 8.4 ± 2.9; 
CI = 1.7‑3.7, P < 0.001). On further evaluation, the site 
of maximum tortuosity among colons of the two groups 
was found to be at the sigmoid (8 vs. 6), at the sigmoid and 
transverse combined (37 vs. 34), or involving all the colonic 
segments (14 vs. 5).

Diverticulosis was present almost equally among either 
groups and did not significantly predict an incomplete 
OC (OR = 1.1, 95% CI = 0.5–2.1, P = 0.867) [Table 2]. 
Also the severity grade of sigmoid diverticulosis was not 
significantly different among either group and was not a 
predicting factor of incomplete OC.

Our logistic regression model reveals that history of a 
prior abdominal/pelvic surgery independent of the other 
parameters increases odds of an incomplete OC by a 
factor of 10.5 (95% CI = 3.9‑32.0, P < 0.001). Also, every 
centimeter increase in colon length (controlling for flexures 
and history of abdominal/pelvic surgery) independently 
increases odds of an incomplete OC by a factor of 1.1 (95% 
CI = 1.0‑1.1, P = 0.013). Additionally, unit increase in the 
number of acute flexures in patient's colon independently 
increases odds of an incomplete colonoscopy by a factor 
of 1.6 (95% CI  =  1.3–2.0, P  <  0.001. We disregarded 
history of hysterectomy in the logistic regression model, 
since it appeared to be highly correlated with the history 
of abdominal/pelvic surgery  (Kendall's Tau‑b 0.3). Also 
patient age  (P  =  0.179), diverticulosis  (P  =  0.705), and 
gender (P = 0.631) were disregarded from the model due to 
their insignificant P values. The statistical power of fitting 

gender into the model should be considered as inadequate 
to detect a true difference, due to uneven occurrence 
of males/females in the studied data, and also, due to a 
lower sample size being fitted into the Logistic Regression 
model [Table 3].

We propose a scoring method, where the score is calculated 
based on the total colonic length and number of flexures 
obtained by studying CTC, as mentioned earlier. The necessary 
equation obtained is 4.8% of Colon Length + Number of 
Flexures. Comparing the obtained value with the ones 
in table  4, the score is obtained. The scores assigned are 
1–5, in incremental order of greater chances of successful 
OC (score 1 suggests <20% chance of a complete OC and 
score 5 suggests >80% chance of a complete OC, whereas 
the remainder follows in between) [Table 4].

Other variables noted by the radiologist on CTC that 
could contribute to incomplete colonoscopy in the cases 
were strictures in sigmoid colon due to severe diverticulosis 
(n = 5), malrotation (n = 1), inguinal hernia containing 
sigmoid bowel (n = 2), abdominal hernia containing sigmoid 
and small bowel  (n  =  1), and ventral hernia containing 
transverse colon (n = 1). None of these were found in our 
control group.

DISCUSSION

This study revealed that multiple patient and anatomical 
variations of the colon exist, which can predict the likelihood 
of an incomplete OC. We also propose a novel method to 
predict the outcome of OC based on colonic length and 
number of flexures, determined by CTC.

Incomplete OC is defined as the inability to advance the 
colonoscope to the cecal caput/ileocecal valve.[1,2] The 
percentage of incomplete OC, in the last decade is <3%[8,9] 
with reasons for failure being increasing patient age, female 
gender, history of prior abdominal or pelvic surgeries, 
presence of severe diverticulosis, increased tortuosity of colon 
and longer colonic length, poor bowel preparation, experience 
of endoscopist, and anesthesia‑related complications.[1‑4,16] 
The primary reason stated by our endoscopist for incomplete 
OC was excessive looping and tortuosity (48.6%). Excessive 
looping is a dynamic finding of OC and cannot be detected 
by CTC.

OC completion rates vary based on experience/skill of 
the endoscopist. Additionally, type of endoscope used, 
maneuvers performed, adequate and type of sedation, and 
bowel preparation also play a role.[11] Anatomical variations 
of colon are also major determinants. These are identifiable 
by imaging techniques such as barium enema and CTC. 
For decades, barium enema or CTC were used to visualize 

Figure  7: Distribution of total colonic length among cases and 
controls
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portions of colon, which were inaccessible during OC. 
Recently, CTC is the preferred method for completion of 
visualization of colon due to higher efficiency and sensitivity 
for detecting colonic polyps, and its ability to produce 
detailed 2D multiplanar and 3D reconstructed images. It can 
also evaluate extraluminal pathology, which might contribute 
to a patient’s symptom.[2,6,7,16,17]

Our results demonstrate association of female gender with 
significant risk of incomplete OC (OR = 2.8, P = 0.007), 
in accordance with multiple previous studies.[1,3,4,7,10,18] 
Prior studies have also shown that among patients with 
incomplete OC, 59%–66% are females.[1,10] This is thought 
to occur because of larger pelvis volume in females, owing 
to lesser fat and lower BMI compared with males, causing 
increased mobility and looping of the sigmoid colon, thereby 
increasing the difficulty of the procedure. Also, females have 
been reported to have longer colon lengths compared with 
males, which may lead to a difficult OC.[3,10,19] A relationship 
between hysterectomy and incomplete OC has also been 
demonstrated.[1,2,4,18] It is postulated that hysterectomy leads 
to colonic adhesions, and removal of uterus increases the 
female pelvic volume causing increased tortuosity in sigmoid.

Our analysis reflected strong association between prior 
abdominal/pelvic surgeries and incomplete OC. This is 
thought to occur because intra‑abdominal adhesions produce 
acute flexures and fixed loops in the colon. A  study by 

Hanson et al. showed 46% of patients with a prior history 
of abdominal surgery had incomplete OC compared with 
26% with complete OC.[1] We concur, that the history of a 
prior abdominal/pelvic surgery (including females with prior 
abdominal hysterectomy) appears to increase the chances of 
an incomplete OC by a factor of 10.5.

Our data is indicative of a correlation between increase in colonic 
length and frequency of incomplete OC. Only one prior study 
done by Hanson et al. used CTC to measure colonic length in 
patients with incomplete OC, and found that mean colonic 
length in the group with incomplete OC (210.8 ± 38.2 cm) was 
longer than the group with complete OC (167.0 ± 20.8 cm).[1] 
We agree, because the mean length of colon among our cases 
was significantly longer than the controls (187.6 ± 30.0 cm vs 
163.8 ± 27.2 cm, P < 0.001). The greater length of colon may 
lead to greater mobility, which can lead to excessive looping 
and increased tortuosity. We objectively measured tortuosity 
using acute flexures, which showed that increasing number 
of acute flexures increases the difficulty of the procedure, as 
indicated by our results. We found that sigmoid and transverse 
colons were the most tortuous segments and in most of the 
patients sigmoid tortuosity was the barrier to completion of 
OC. Previous studies also indicated the sigmoid as the site of 
maximum tortuosity.[2,3]

We took our analysis one step further and used the data 
obtained on colonic length and flexures to predict the 
outcome of OC. In a large number of patients, a probable 
pathology identified in CTC leads to follow‑up OC. In such 
circumstances, we believe it would be beneficial to stratify 
our patients based on the score derived from their CTC 
findings. This can help the gastroenterologist to be prepared 
well beforehand and anticipate a difficult OC. A difficult 
colonoscopy thus predicted may also prompt the endoscopist 
to use balloon‑assisted colonoscopy or water immersion/
exchange technique instead.

Contribution of severe diverticular disease as a predictor for 
incomplete OC has always been debated upon. Saunders 
et al. stated that presence of moderate or severe diverticular 
disease leads to difficult colonoscopy (23% vs 4%),[20] whereas 
Cirocco reported the contrary.[10] According to our data, 
presence of diverticulosis, does not have a significant effect 
on the outcome of OC among cases and controls (56% and 
57%, respectively, P = 0.867). When compared, the severity 
of sigmoid diverticular disease was also not significantly 
different among cases and controls.

Additionally, we found the rate of incomplete OC 
independent of the increase in age (P = 0.881). However, 
Shah et al. have shown that patients who had incomplete 
OC were found to be older with OR  =  1.20 per 10‑year 
increment.[21]

Table 3: Table showing the odds ratios, confidence 
intervals and P values from estimates obtained from 
the logistic regression model, for case (incomplete OC) 
and control patients (complete OC)

Model variables (units) 95% Confidence interval
Odds ratio
(per unit 
change)

Minimum Maximum P

Colon length (cm) 1.121 1.005 1.040 0.013
Positive history of previous 
abdominal/pelvic surgery

10.468 3.862 32.015 <0.001

Number of acute flexures 
in colon

1.559 1.289 1.957 <0.001

OC: Optical colonoscopy

Table 4: Scoring method to predict outcome of OC 
based on radiological parameters obtained on CTC

Score 4.8% of colon length (cm) + 
number of flexures

Interpretation (chances 
of successful OC) (%)

1 >22.8 <20
2 Between 20.6 and 22.8 20-40
3 Between 18.9 and 20.6 40-60
4 Between 16.5 and 18.9 60-80
5 <16.5 >80
OC: Optical colonoscopy, CTC: Computed tomographic colonography
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There were several limitations to this study, namely, it is a 
retrospective case–control design, a single institution study 
with relatively small number of patients and number of 
females was not matched in the two study groups because of 
limited data. A higher number of patients may have resulted 
in a better population distribution and hence could have led 
to more precise statistical findings. Especially, the fact that 
we had to disregard gender from the Logistic Regression 
model due to its high value, could have been analyzed 
further in case of a higher number of sampled data. Lastly, 
the scoring system is predicted from our small retrospective 
study and only utilized factors found at CTC and not patient 
demographic factors.

In conclusion, patient factors such as female gender, previous 
abdominal/pelvic surgeries, and increasing colonic length, 
are identified as the factors influencing the success of OC. 
We also confirm that increasing age and history of severe 
diverticulosis does not increase the rate of incomplete 
OC. We report a novel scoring system that may predict 
the difficulty of colonoscopy using CTC findings. These 
findings could be used to help predict patients who are at 
risk for an incomplete OC at the time of clinic consultation 
and may impact the preparation undertaken for OC and 
choice of equipment used, which may vary from use of water 
immersion colonoscopy to the use of pediatric colonoscope 
based on the difficulty predicted by the score.
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