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Abstract

Background and study aims: Cecal intubation is inadequate in 2-23% of colonoscopies.  

To date, the efforts made by physicians to visualize the remaining part of the colon and the 

magnitude of missed significant lesions are unknown. This study evaluates 1) reasons for  

incomplete colonoscopy, 2) rates of complete colonic evaluation after incomplete colonoscopy 

and 3) the magnitude of (pre-)malignant lesions missed by incomplete colonoscopy.

Patients and methods: In this population-based cohort study data from 511 consecutive  

patients with an incomplete colonoscopy were analyzed. Secondary examinations to visualize 

the unobserved part of the colon were assessed until 18 months after the index colonoscopy. 

Secondary examinations included: repeated colonoscopy, CT-colonography, barium enema, 

abdominal CT-scan and surgery involving the colo-rectum.

Results: Of 5278 procedures, 511 were incomplete (9.7%). Most frequent causes of incomplete 

colonoscopy were looping of the scope (20.4%), patient’s discomfort (15.3%) or an obstructing 

tumour (13.9%). Secondary examination was performed in 278 patients after incomplete 

colonoscopy (54.4%).  Patients with a history of CRC (78.9%) and anemia (73.1%) most  

frequently received a secondary examination. In all follow up examinations, CRC was diagnosed 

in 18 patients (3.5%) and advanced adenoma in 4 patients (0.8%). Per secondary examination, 

most advanced neoplasia were found in patients with anemia (18.4%) or history of CRC (10.0%). 

Conclusions: In 4.3% of the patients, advanced neoplasia was missed by incomplete  

colonoscopy. Our data suggest that incomplete colonoscopy should be followed by additional 

imaging, particularly in patients with anemia or history of CRC.

 

Introduction

Colorectal cancer (CRC) is the second most common cause of cancer related death in the  

Western world, with 500,000 deaths per year worldwide [1]. Currently, the mean 5-years survival 

rate in The Netherlands is 59% and will likely improve with new targeted treatment options 

and the implementation of a CRC screening program [2,3]. Colonoscopy is accepted as a  

primary CRC screening tool in many Western world countries and is effective for prevention 

and diagnosis of CRC. The procedure allows full structural examination of the colon and rectum 

and offers a range of therapeutic options. As a preventive method, its yield mainly comprises 

early CRC diagnosis in a curable stage and identification and removal of premalignant  

adenomas. In this perspective, intubation of the cecum is associated with an increased  

detection rate for advanced neoplasia since 33-50% of advanced neoplasia is located in the 

proximal colon [4-6]. Furthermore, a complete colonic evaluation is a well-recognized measure 

of colonoscopy quality control. Cecal intubation rates of ≥90% of all colonoscopies in daily 

clinical practice and ≥95% in screening colonoscopies are recommended [7]. Unfortunately, 

cecal intubation rates in daily clinical practice are often lower than the target of ≥90% with 

reported percentages varying from 76.9% to 98.4% [8-12]. A better performance is noticed in 

large-scale studies on screening colonoscopy, demonstrating cecal intubation rates varying 

from 91.1% to 97.7% [6,13]. However, most of these screening studies are not population-based 

and may therefore not reflect daily clinical practice. Several explanatory factors for incomplete 

colonoscopy have been described [11]. Yet, information on the proportion of patients with an 

incomplete colonoscopy that subsequently achieve complete evaluation of the colon and the 

magnitude of subsequently detected (pre)malignant lesions remain scarce. This information 

is important for characterizing the test performance and limitation of a single colonoscopy  

to detect CRC and its precursor lesions. It could also demonstrate whether current efforts 

to visualize the whole colon are adequate for patients with an incomplete colonoscopy,  

particularly for those at high risk for undetected lesions.

In the present population-based cohort study our primary objectives were to analyse reasons 

for incomplete colonoscopy and to identify and analyse the efforts made to achieve complete 

evaluation of the colon in several indication clusters. Additionally, we determined the  

magnitude of malignant and pre-malignant lesions missed by incomplete colonoscopy.

 

Methods

Study cohort 
This multi-centre, population-based cohort study was approved by the central medical ethics 

review board of the VU University Medical Centre in Amsterdam. All 18 hospitals (2 academic 

hospitals and 16 community hospitals) in the Northern Holland province participated in the 
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study protocol, together serving a community of 2,599,103 inhabitants (www.cbs.nl). Patients 

were enrolled in the study between September 1, 2005 and December 1, 2005. All subsequent 

colonoscopies performed in this time interval were evaluated. Characteristics of this primary 

study cohort are described in detail elsewhere [5]. All examinations were performed by  

gastroenterologists, internists or colorectal surgeons.

Incomplete colonic evaluation was assessed based upon absent visualisation of anatomic  

features, such as the ileocecal valve, appendiceal orifice, ileocolonic anastomosis or terminal 

ileum. A colonoscopy was defined as complete after intubation and visualisation of the cecum 

or ileocolonic anastomosis. We excluded patients with a planned limited examination of the 

colon. Patients with a reported incomplete colonoscopy which intended to reach the cecum or 

ileocolonic anastomosis were included in the present study. 

Study design
All patients underwent follow up for subsequent colonoscopies, CT-colonographies, barium 

enemas, abdominal CT-scans and surgery involving the colo-rectum for 18 months starting at 

the date of the incomplete index colonoscopy. All data were obtained from the local hospital 

information systems. Secondary examinations were scored until neoplasia in the remaining 

colon was found, the remaining colon was resected, or patients were lost to follow up. Surgical 

interventions were only analysed when additional follow up investigations failed to show  

neoplasia in the non-visualized part of the colon and the surgeon explicitly inspected or  

resected that unseen part of the colon.
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Table 1: Indication cluster definition 
 
Indication cluster  Consists of the following indications 
CRC surveillance Follow up after CRC 
Polyp surveillance Follow up after polypectomy 
FAP/HNPCC/MYH-
polyposis surveillance 

Screening or surveillance in FAP/HNPCC/MYH-polyposis families 

IBD surveillance Surveillance for dysplasia in IBD 
G-I bleeding Hematochezia or melena 
Anemia Anemia 
CRC suspicion Clinical or radiological suspicion of CRC 
Weight loss Weight loss 
IBD suspicion Clinical suspicion of IBD or evaluation of IBD exacerbation 
Family history CRC Familiy history of CRC 
IBS Abdominal pain, change in bowel habits, bloating, diarrhea, constipation 
Polypectomy Polypectomy 
Other No indication mentioned, diverticulosis, diverticulitis, ileus and 

desufflation, fecal incontinence, treatment radiation enteritis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study variables
Of all patients, the indication for colonoscopy, gender, age, use of anaesthesia, type of  

endoscopist, depth of intubation at the index colonoscopy, reason for failure, secondary 

investigation(s) and secondary findings in the non-visualized part of the colon at index  

colonoscopy were scored. In case of patients with more than one secondary finding, the most 

advanced lesion was included in the analysis. In case the lesion was already diagnosed before 

the index colonoscopy, this lesion was excluded from further analysis. Thus, only newly  

diagnosed lesions are included in our study.

Procedure indications were clustered into categories, as shown in Table 1. Clinical and  

pathological findings were categorized as indicating non-neoplastic mucosa, non-advanced  

neoplasia, advanced adenomas or colorectal cancer. Adenomas ≥1.0 cm, with any villous features 

or high-grade dysplasia, were considered advanced adenomas [14,15]. An advanced neoplasm 

was defined as an advanced adenoma or colorectal cancer. Pathology specimens were evaluated 

by local pathologists according to the criteria established by the World Health Organization [16].  
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Table 2: Baseline characteristics of the patients who underwent either incomplete or complete 
colonoscopy 
 
Variable   Incomplete 

colonoscopy 
(n=511) 

Complete 
colonoscopy 

(n=4767) 

P-value1 

Age, Mean (±SD) 62,5  (±16.5) 58,8  (±15.9) < .001 
Age, No. (%)       
   <50   107  (20.9%) 1274  (26.7%) < .001 
   50-59   100  (19.6%) 1111  (23.3%)  
   60-69   104  (20.4%) 1026  (21.5%)  
   ≥70   200  (39.1%) 1352  (28.4%)  
   Unknown 0  (0.0%) 4  (0.1%)   
Gender, No. (%)       
   Male   194  (38.0%) 2261  (47.5%) < .001 
   Female   317  (62.0%) 2502  (52.5%)  
   Unknown 0  (0.0%) 4  (0.1%)   
Sedation, No. (%)       
   Yes   311  (60.9%) 3274  (68.7%) < .001 
   No   158  (30.9%) 819  (17.2%)  
   Unknown 42  (8.2%) 674  (14.1%)  
Colonoscopy setting, No. (%)       
   Academic hospital 62  (12.1%) 770  (16.2%) .018 
   Community hospital 449  (87.9%) 3997  (83.8%)  
Type of endoscopist, No. (%)       
   Gastroenterologist 338  (66.1%) 3542 (74.3%) < .001 
   Surgeon 45  (8.8%) 100  (2.1%)   
   Internist   128  (25.0%) 1125  (23.6%)  
 

1 P values are calculated using univariate analysis. 
 
 

Table 1: Indication cluster definition

Table 2: Baseline characteristics of the patients who underwent either incomplete or complete 
colonoscopy
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Statistical analysis
For comparison of proportions, the Chi-square test or Independent-sample t-test was used. 

When applicable, odds ratios (ORs) with 95% confidence intervals (CIs) were calculated, using 

 multivariate logistic regression analysis. Analyses were performed with SPSS for Windows  

software, version 15.0 (SPSS Inc., Chicago, Illinois).

Results

General results
Between September 1, 2005 and December 1, 2005, we identified 5563 patients who under-

went a colonoscopy. We excluded 285 patients (5.1%), in which only a limited examination 

of the colon was planned, or the intubation depth was not mentioned in the colonoscopy  

report. The remaining 5278 patients comprised the study sample. In 511 patients (9.7%),  

the cecum or ileocolonic anastomosis was not reached. Table 2 summarizes the baseline  

characteristics of the study cohort. We used multivariate analysis to evaluate factors associated  

with incomplete colonoscopy. Patients older than 60 years (OR 1.49; 95% CI: 1.22-1.81), females 

(OR 1.59; 95% CI: 1.30-1.94) and patients without conscious sedation (OR 2.07; 95% CI: 1.67-

2.57) had a significantly higher risk for incomplete colonoscopy. The rate of completeness of 

colonoscopy was highest when performed by gastroenterologists as compared to all other 

non-gastroenterologist endoscopists (OR 1.30; 95% CI: 1.05-1.62). Type of hospital (academic 

and community hospital) was not significantly related to incomplete colonoscopy. 

Causes of incompleteness
The reasons for incomplete colonoscopy are listed in Table 3. Looping of the scope or a  

reported dolichocolon (20.4%), patient’s discomfort (15.3%) or an obstructing tumour (13.9%) 

were the main reasons for early termination of the procedure. When the physician reported 

adhesions as the suspected cause of incompleteness in patients with a history of abdominal or 

pelvic surgery, the reason for incompleteness was categorized as suspected adhesions (10.8%). 

Stenosis as a reason for incomplete colonoscopy (3.7%) consisted of stenosis due to Crohn’s 

disease, anastomotic stenosis or stenosis after diverticulits. In 66 patients (12.9%) no obvious 

reason for termination of the procedure was suggested in the report. In 232 (45.4%) and 279 

(54.6%) patients respectively, the colonoscopy was either terminated in the distal colon or 

proximal from the splenic flexure.

Secondary colonic examinations
During the follow up period of 18 months, secondary colonic examinations were performed 

in 278 (54.4%) patients with an incomplete colonoscopy. Sixty-six individuals (12.9%) received 

two or more secondary investigations, of which 12 (2.3%) received three or more secondary 

investigations (see Table 4). The mean interval (± SD) between the index colonoscopy and the 

first secondary examination was 62 ± 106 days. 

Patients with surveillance after CRC (78.9%) and anemia (73.1%) most frequently received a  

secondary examination (see Table 5). Patients with the procedure indications inflammatory 

bowel disease (IBD), polypectomy and irritable bowel syndrome (IBS) were least likely to receive 

a follow up investigation after incomplete colonoscopy (33.3%, 40.0% and 40.4%, respectively). 

When the index colonoscopy was terminated in the distal colon, follow up was performed 

in 63.3% of cases. When the proximal colon was reached at index colonoscopy, a secondary  

examination was performed in 46.9% of cases (p=0.001). 

Diagnostic yield 
In 18 patients (3.5%) a new CRC and in four patients (0.8%) a new advanced adenoma was  

diagnosed in the non-visualized part of the colon (see Table 4). Therefore, 22 patients (4.3%) 

had an advanced neoplasm that was missed by the incomplete colonoscopy. Another 12  

patients (2.3%) had a non-advanced neoplasm (see Table 4). Histological confirmation of the 

lesions was achieved for al detected CRC’s and advanced adenomas > 10 millimeter and for 7 

of the 12 non-advanced neoplasms < 10 millimeter.

Most advanced neoplasms per secondary examination were diagnosed in patients with  

anemia (7/38; 18.4%), an history of CRC (3/30; 10.0%) or IBS related complaints (4/42; 9.5%) 

(see Table 5). The highest yield of advanced neoplasia per secondary examination was found 

with CT-colonography (7.1%), followed by abdominal CT-scans (6.0%) and barium enemas 

(4.0%). Failure to visualize the remaining colon after the incomplete index colonoscopy most 

frequently occurred using a repeated colonoscopy (24.1%) (see Table 6).

Furthermore, in 28 patients (5.5%) other clinical diagnoses could be made (e.g. diverticulosis, 

stenosis, colitis) in the non-visualized part of the colon, that would be missed without a  

secondary investigation (see Table 4).
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Table 3: Causes of incomplete colonoscopy 
 
Cause No. (%) 
Looping scope/dolichocolon 104 (20.4) 
Patient’s discomfort 78 (15.3) 
Obstructing tumour 71 (13.9) 
Insufficient bowel preparation 62 (12.1) 
Suspected adhesions 55 (10.8) 
Diverticulosis 38 (7.4) 
Stenosis 19 (3.7) 
Severe inflammation 18 (3.5) 
Unknown 66 (12.9) 
 
Note: Suspected adhesions as a cause of incomplete colonoscopy includes patients with a history of 
abdominal or pelvic surgery and adhesions reported as the suspected cause of incompleteness. Stenosis 
as a cause of incomplete colonoscopy includes stenosis due to Crohn’s disease, anastomotic stenosis or 
stenosis after diverticulitis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3: Causes of incomplete colonoscopy
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Table 4: Secondary examinations and their diagnostic yield after incomplete colonoscopy 

 

 
Note: 278 Patients underwent follow up examination of which 66 patients underwent two or more 
examinations and 12 patients underwent three or more examinations respectively. Other large bowel 
pathology includes: diverticulosis, stenosis and colitis. 
Abbreviations: CRC = colorectal cancer, Adv. adenoma = advanced adenoma, Non advanced = non 
advanced neoplasia, incomplete = failure of the secondary examination to visualize the remaining 
colon, Abd CT-scan = abdominal CT-scan. 
 
 
 
 
 
 
 

 Secondary examination 
  Colonoscopy 

(n = 83) 

Barium 
enema 

(n = 151) 

CT-
colonografy 

(n = 14) 

Abd CT-scan 

(n = 83) 

Surgery 

(n = 25) 
1st F-up, No (%) 
(n=278) 

57  (20.5%) 132  (47.5%) 12  (4.3%) 58  (20.9%) 19  (6.8%) 

   CRC (n=14) 1  5  1  4  3  
   Adv. adenoma (n=1) 1  .    .  .  
   Non advanced (n=10) 7  .  3  .  .  
   Other pathology (n=26) 3  17  .  5  1  
2nd F-up, No (%) 
(n=66) 

23  (34.8%) 16  (24.2%) 1  (1.5%) 20  (30.3%) 6  (9.1%) 

   CRC (n=3) .  .  .  .  3  
   Adv. adenoma (n=3) 1  1  .  .  1  
   Non advanced (n=2) 1  .  .  .  1  
   Other pathology (n=1) .  1  .  .  .  
3rd F-up, No (%) 
(n  (n=12) 

3  (25.0%) 3  (25.0%) 1  (8.3%) 5  (41.7%) 0  (0.0%) 

   CRC (n=1) .  .  .  1  .  
   Adv. adenoma (n=0) .  .  .  .  .  
   Non advanced (n=0) .  .  .  .  .  
   Other pathology (n=1) .  1  .  .  .  

Discussion

In this population-based study 9.7% of colonoscopies was incomplete. This cecal intubation 

rate of 90.3% is an exact representation of daily clinical practice in the Northern Holland  

province. It meets the target set by the U.S. Multi-Society Task Force on Colorectal Cancer. As 

such, it satisfies one of the indicators of colonoscopic quality control [7]. In the present study, 

the predominant reasons for the inability to intubate the cecum were looping of the scope 

or redundant colon, patient’s discomfort, obstructing tumours, insufficient bowel preparation 

and adhesions due to previous abdominal/pelvic surgery. All of these explanatory factors have 

been described previously [10,11,17]. In The Netherlands, not all patients receive sedation for 

colonoscopy. Therefore, incomplete colonoscopy due to patient’s discomfort was common in 

our study. 

Only 54.4% of patients achieved complete colonic evaluation within 18 months after the index 

colonoscopy. Reasons for denial of follow up after an incomplete colonoscopy remain elusive 

and can only be speculated on. Unfortunately, complete colonic evaluation was achieved in 

only 75% of cases in patients with anemia or a colonoscopy for CRC surveillance, who have 

an elevated risk for (proximal) colorectal neoplasia [5]. The relatively low follow up rate after 

an incomplete colonoscopy in this study is consistent with other reports which showed even 

lower frequencies of follow up. In Canada and the United States, only 30-33% of patients with 

incomplete colonoscopies underwent a second colonoscopic attempt or barium enema within 

1 year after the index colonoscopy [18,19].

In 6.7% of patients with an incomplete colonoscopy, neoplasia was found after additional  

examination of the colon. Of these, 4.3% had advanced neoplasia. The amount of missed  

neoplastic lesions might be even higher, since 45.6% of patients with incomplete colonoscopy 

had no further investigation of the colon. However, it is reasonable to assume that, based on 
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Table 5: Secondary examinations and advanced neoplasia per indication 
 
Indication cluster No. of patients Sec. exam, No (%) Adv. neoplasia, No. (%) 
Surveillance CRC  38 30 (78.9) 3 (10.0) 
Polyp surveillance  34 17 (50.0) 1 (5.9) 
FAP/HNPCC/MYH surveillance 8 5 (62.5) . . 
IBD surveillance  22 10 (45.5) . . 
G-I bleeding  108 57 (52.8) 3 (5.3) 
Anemia 52 38 (73.1) 7 (18.4) 
CRC suspicion 38 23 (60.5) 1 (4.3) 
Weight loss 11 7 (63.6) . . 
IBD suspicion 18 6 (33.3) . . 
Family history CRC 26 16 (61.5) 1 (6.3) 
IBS 104 42 (40.4) 4 (9.5) 
Polypectomy 5 2 (40.0) . . 
Other 47 25 (53.2) 2 (8.0) 
 
Note: Advanced neoplasia consists of CRC (n=18) and  advanced adenoma (n=4). Percentages are 
calculated in relation to the volume of follow up performed. 
Abbreviations: Sec. exam = secondary examination, Adv. neoplasia = advanced neoplasia. 
  
 
 
 
 
 
 
Table 6: Advanced neoplasia and failure of the secondary examination to visualize the 
remaining colon per type of secondary examination  
 
Secondary examination Adv. neoplasia, No (%) Incomplete, No (%) 
Barium enema (n=151) 6 (4,0%) 16 (10,6%) 
Colonoscopy (n=83) 3 (3,6%) 20 (24,1%) 
Abdominal CT-scan (n=83) 5 (6,0%) . . 
CT-colonografy (n=14) 1 (7,1%) . . 
Surgery (n=25) 7 (28,0%) . . 
 
Note: Advanced neoplasia consists of CRC (n=18) and  advanced adenoma (n=4). Percentages are 
calculated in relation to the volume of follow up performed. 
Abbreviations: Adv. neoplasia = advanced neoplasia, Incomplete = failure of the examination. 
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indication and ongoing complaints, clinicians are more generous with secondary examinations 

for patients in which they expect a higher risk of colon pathology. Extrapolation of these 

data assuming a 100% follow up after an incomplete colonoscopy would therefore probably  

overestimate the amount of missed lesions. 

During the study period, barium enema was most frequently used as the primary method 

of follow up after incomplete colonoscopy (42.4%), although the diagnostic yield of this  

investigation is disappointing. A recent large population-based study showed a missing rate 

of 22% using barium enema to detect CRC, which is rather worrisome [20]. In our study, CT-

colonography (7.1%) and abdominal CT-scan (6.0%) detected more advanced neoplasia per 

investigation than barium enema (4.0%). However, firm conclusions cannot be drawn since this 

was not a controlled study and the prevalence of advanced neoplasia may differ in patients 

undergoing various types of secondary investigations. Repeated colonoscopy had a modest 

secondary diagnostic yield of 3.6% per investigation and in 24.1% of patients the endoscopist 

failed to reach the cecum on this second attempt. Recent reports have indicated the potential 

role of CT-colonography or double-balloon colonoscopy after incomplete colonoscopy [21,22]. 

With positive predictive values of >90% for clinically important neoplasia, CT-colonography 

might become the method of choice for follow up after incomplete colonoscopy. However, as 

in our study, CT-colonography and double-balloon colonoscopy are not yet widely available. 

Surgical interventions after incomplete colonoscopy are done for acute indications (e.g.  

obstruction ileus or large bowel perforation) or known lesions in visualized parts of the colon. 

During these procedures the non-visualized part of the colon is evaluated, in which unknown 

lesions may be observed. Surgical interventions are not commonly studied, but our results 

show high percentages (28%) of advanced neoplasia initially missed by the index colonoscopy. 

To date, no study has addressed the proportion of missed lesions in the non-visualized part 

of the colon in a population-based study. In the present study, we report on follow up after 

incomplete colonoscopy and the yield of neoplasia in the non-visualized part of the colon after 

several follow up investigations. The use of a population-based cohort is a strength because 

it more accurately reflects daily clinical practice than cohorts from specialist endoscopy  

centers. Two recent population-based studies have addressed the colonoscopic missing rates 

for CRC after complete colonoscopy and their risk factors [23,24]. These studies have shown that 

patients have a 2-6% risk of a missed or new CRC within 3 years after a complete colonoscopy. 

The abovementioned Canadian group has published on factors associated with incomplete 

colonoscopy [11]. In keeping with their results, we observed that incompleteness was more 

common in females, older patients and in procedures performed by non-gastroenterologist 

endoscopists. In the Netherlands, all colonoscopies are performed in a hospital setting  

(academic or community hospitals). No other institutions, like private practices or doctor’s  

offices, are performing endoscopies. Hence, the lower cecal intubation rates and lack of  

quality control in these settings, as suggested by others, are not relevant to our situation [11].  

In contrast to the Canadian study, we were able to evaluate the quality of bowel preparation 

and identified the number of aborted procedures because of inadequate bowel preparation. 

Our findings should be interpreted taking into account several potential caveats. Firstly, as in 

all studies on cecal intubation rates, self reported cecal intubation carries the inherent risk of 

bias since often no second confirmatory opinion can be obtained [10]. Secondly, 5 of the 12 

neoplastic lesions <10 millimeter found with secondary investigations in the non-visualized 

part of the colon, were inaccessible for histopathological confirmation. Therefore, advanced 

neoplasia might be missed since villous components or degree of dysplasia could not be  

assessed. Thirdly, a follow up period of 18 months after incomplete colonoscopy may lead to 

secondary examinations performed for a new indication and may therefore not reflect the  

actual yield of follow up after the incomplete index colonoscopy. However, there are no data  

on more accurate methods of monitoring actual follow up after incomplete colonoscopy. 

In conclusion, 4.3% of patients with an incomplete colonoscopy had advanced neoplasia in the 

non-visualized part of the colon. Most advanced neoplasia were found in patients with anemia 

or an history of CRC, but even patients with IBS related complaints had advanced lesions.  

Therefore, it is recommended that in a mixed referral population, incomplete colonoscopy 

should be followed by additional imaging and if necessary surgical exploration. 
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