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Background: The Danish national screening program for colorectal cancer (CRC) consists 

of an immunochemical fecal occult blood test (iFOBT) followed by colonoscopy. The Danish 

Colorectal Cancer Screening Database (DCCSD) records data on the incidence of hospital-

registered complications after colonoscopy. However, the validity of these data is unknown, 

and the incidence of complications is potentially underreported.

Objective: To evaluate the validity of the colonoscopy complications registered in the DCCSD 

by using medical records as the reference. Further, to evaluate the incidence of complications 

leading to hospital contact.

Methods: Among 14,671 individuals with a positive iFOBT result and a colonoscopy procedure 

performed from March 3, 2014 to December 31, 2014, we selected 295 individuals for medical 

record review. We calculated sensitivity as the proportion of true complications registered in 

the DCCSD out of all complications found in the medical records, and the positive predictive 

value (PPV) as the number of true complications in the DCCSD out of all DCCSD-registered 

complications. On the basis of the medical record data, we calculated the incidence proportion 

of hospital-registered complications overall and by subtype.

Results: In total, we reviewed 286 records and found 102 individuals with at least one complica-

tion. The sensitivity of the DCCSD for any complication was 29.4% (95% CI: 20.8–39.3) and 

the PPV was 88.2% (95% CI: 72.6–96.7). On the basis of the medical record data, the incidence 

proportion of any complication after colonoscopy was 0.70% (95% CI: 0.57–0.84) and that of 

perforation or lesion was 0.10% (95% CI: 0.06–0.17); bleeding, 0.41% (95% CI: 0.31–0.53); 

post-polypectomy syndrome, 0.16% (95% CI: 0.10–0.24); and other medical complications, 

0.04 (95% CI: 0.02–0.09).

Conclusion: The DCCSD has low sensitivity for complications, and improvements in data 

registration are warranted. The incidence proportion of any hospital-treated post-colonoscopy 

complication was 0.70% in 2014, which was the first year of the Danish national CRC screening 

program. This is within the range of complications reported by other studies.

Keywords: prevention, public health, harms

Background
Population-based screening for colorectal cancer (CRC) has the potential to reduce 

incidence and mortality of CRC by discovering the disease in its early latent stage 

and enabling premalignant lesions to be removed.1–3 In 2003, the European Union 

recommended that men and women aged 50 years or more should participate in CRC 

screening,4 and by 2015, mass screening programs had been implemented in a large 

number of Western countries, including Denmark.5
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In Denmark, the CRC screening program consists of 

an immunochemical fecal occult blood test (iFOBT) fol-

lowed by colonoscopy for participants who tested positive 

for occult blood.6 Mass screening targets apparently healthy 

individuals. Thus, it is crucial that the involved procedures 

cause minimal harm. Harms range in severity from overdi-

agnosis, psychosocial distress, pain and discomfort related 

to the bowel cleansing process, bleeding and perforations, 

and death.7,8 A systematic review of CRC screening-related 

morbidity and mortality estimated a pooled risk per 1,000 

colonoscopies of 0.07 (95% CI: 0.006–0.17) for perforation 

and 0.8 (95% CI: 0.18–1.63) for major bleeding. However, 

the single estimates for the 39 included studies varied greatly 

depending on the definition of complications and the primary 

screening method (colonoscopy vs fecal test). None of the 

included studies reported any mortality.7

As recommended by the European guidelines,4 the qual-

ity of the Danish CRC screening program is monitored, and 

data for this purpose are assembled in the Danish Colorectal 

Cancer Screening Database (DCCSD).6 In the first annual 

report of the DCCSD, the overall incidence of hospital-

registered complications (perforation, bleeding, medical 

complications during colonoscopy, and post-polypectomy 

syndrome) after screening-related colonoscopy was 3.0 per 

1,000. However, the validity of these data is unknown, and 

the incidence of complications is potentially underreported 

as they may occur with a delay, that is, hours or days after 

the individual has been discharged from the colonoscopy 

department. Follow-up treatment might be provided at a 

department or emergency clinic unrelated to the colonos-

copy department. Therefore, the patient might be diagnosed 

and treated correctly, but inadvertently not registered with 

a screening-related complication. In addition, along with 

the establishment of the screening program, novel codes for 

registration of complications were introduced, which likely 

prompted underreporting, especially in the starting period.6

In this study, we aimed primarily to evaluate the validity 

of data for screening-related colonoscopy complications 

registered in the DCCSD by using hospital records as the 

gold standard. In addition, we aimed to evaluate the overall 

incidence and severity of complications leading to a hospital 

contact.

Methods
setting
The national Danish CRC screening program was initiated 

in March 2014 and targets all residents aged 50–74 years. 

Screening is free of charge and offered biennially, but for 

logistic reasons, the first round was implemented over a 

4-year period. Individuals are invited according to a ran-

domly assigned sequence of birth months, although those 

who turned 50 or 74 years within the initial 4-year screening 

round received their first invitation no later than 1 month 

before that particular birthday. Invitation letters, including 

home sampling kits, are administrated on the national level 

and supported by the information technology system “The 

Invitation and Administration Module” (IAM). Submitted 

stool samples are analyzed at five laboratories (one in each 

of the five Danish geographical regions), and follow-up 

colonoscopies are performed at 19 departments throughout 

the country.9 The IAM contains the name and civil personal 

registration (CPR) number of all individuals invited, dates 

on the logistics (invitations, reminders, iFOBT analyses, and 

referral to colonoscopy), region of residence, and results of 

iFOBTs (positive result ≥100 ng hemoglobin/mL buffer ≈20 

µg hemoglobin/g feces) obtained using the OC-Sensor (Eiken 

Chemical Co. Ltd, Tokyo, Japan).9

The DCCSD was established to monitor the screening 

program and consists of data from existing data sources: 

the IAM, the Danish National Patient Registry (DNPR), and 

the National Pathology Registry.6 The DNPR is a national 

registry that collects data on all in- and outpatient somatic 

admissions including CPR number, dates of admission and 

discharge, and codes for diagnoses (using the ICD-10) and 

procedures (Health Care Service Classification System).10 

Thus, all clinical data, including screening-related diagnoses 

(eg, type of lesion and complication) and procedures (eg, 

number of polyps observed and completion of colonoscopy), 

are reported to DNPR from the departments or emergency 

rooms providing the colonoscopy or follow-up treatment, 

and subsequently assembled in the DCCSD.

study population
The source population for this study was identified in the 

DCCSD and included 14,671 individuals who were invited 

to CRC screening, had a positive iFOBT result, and under-

went a colonoscopy procedure performed in the period from 

March 3, 2014 to December 31, 2014. We aimed to evaluate 

the validity of data pertaining to the first year because of 

considerable research interest in the program and the need for 

valid data to monitor the program from the very beginning. 

Because complications are relatively rare, it is not feasible 

to identify individuals for medical record review by random 

sampling of individuals who had undergone a screening-

related colonoscopy. Instead, we identified individuals for 

medical record review (the review group) by using a four-
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step strategy: First, we reviewed all diagnosis and procedure 

codes registered in the DNPR for those individuals in the 

source population who had a hospital contact within 30 

days after a colonoscopy (including up to five colonosco-

pies per person within 3 months of their positive iFOBT). 

Three medical doctors specialized in the field reviewed all 

the codes and selected 101 codes that could potentially be 

related to complications after colonoscopy. Secondly, we 

identified all individuals in the source population who had a 

hospital contact with at least one of the selected 101 codes 

within 14 days for surgical-related diagnoses and 2 days for 

nonsurgical-related diagnoses after a screening colonoscopy 

(n=233). To capture as many complications as possible, we 

used a 14-day time window as bleeding after polypectomy can 

occur immediately or up to 14 days after the procedure.11,12 

Thirdly, we used data from the Danish Civil Registration 

System (CRS) to identify individuals in the source popula-

tion who died within 90 days of a complete colonoscopy 

(n=41). The CRS contains data on all individuals residing in 

Denmark and is updated daily with information on migration 

and vital status.13 Finally, we identified individuals in the 

DCCSD registered with any complication (n=34) including 

the following four categories: 1) perforation or lesion dur-

ing colonoscopy (DT812G1), 2) post-colonoscopy bleeding 

that required treatment or prompted the patient to contact a 

hospital for medical evaluation (DT810J1), 3) other medical 

complications related to colonoscopy or sedation (eg, hypo-

tension, pain, vomiting, and respiratory complications) that 

prevented completion of the colonoscopy or required medical 

treatment (DT888U1), and 4) post-polypectomy syndrome 

defined as fever and abdominal pain without symptoms of 

perforation or pneumoperitoneum (DT888L). Thus, within 

the source population, in total, we identified 295 individu-

als with a potential complication and thus were relevant for 

medical record review. Of the 295 individuals, 233 indi-

viduals were based on one of the 101 selected diagnosis and 

procedure codes, 41 were based on the date of death (3 of 

these overlapped with the 101 codes), and 34 were based on 

the four specific complication codes (10 of these overlapped 

with the 101 codes).

hospital record review
Hospital records were reviewed according to a standardized 

electronic protocol developed by members of the DCCSD 

steering committee. The protocol was pilot tested by a 

noncommittee member on five patients within the target 

population. The final protocol consisted of eight main items 

and 71 subitems.

The DCCSD was accepted as a clinical quality database in 

October 2014 by the Danish Health Authority and registered 

by the Danish Data Protection Agency (2007-58-0014); thus, 

the study complies with Danish regulations.

statistics
We described the demographic characteristics (age, gender, 

and region of residence) of the review group and the nonre-

view group (the source population minus the review group) 

using means, medians, and proportions. The medical record 

data for each patient in the review group were used as the 

reference for the comparison with the DCCSD data. We cal-

culated the sensitivity of the DCCSD to evaluate its ability 

to identify all true complications. Sensitivity was calculated 

as the proportion of true complications in the DCCSD out of 

all complications found in the medical records. Further, we 

calculated the positive predictive value (PPV) as the number 

of true complications in the DCCSD out of all complications 

registered in the DCCSD. The PPV indicates the probability 

that a patient coded with a complication in the DCCSD actu-

ally had a complication according to the medical records. 

By using the reference data from the medical records, we 

calculated the incidence proportion of complications overall 

and by subtypes. In addition, we stratified any complication 

according to yes vs no for “performed polypectomy”.

By using the medical record data, the severity of each 

complication was ranked using the Clavien–Dindo classifi-

cation: grade I (no need for treatment), II (pharmacological 

treatment), IIIa (surgical, endoscopic, or radiologic treatment 

without general anesthesia), IIIb (surgical, endoscopic, or 

radiologic treatment under general anesthesia), IVa (single 

organ dysfunction), IVb (multiorgan dysfunction), and V 

(death).14 Finally, we reported proportions of treatment pro-

vided to the patients according to each type of complication. 

Exact 95% CI for the binomial distribution were calculated 

for the estimates. We used statistical software SAS 9.4 (SAS 

Institute Inc, Cary,  NC, USA) for all analyses.

Results
Within the source population (14,671), we identified 295 

individuals who potentially could have experienced complica-

tions and were thus eligible for medical record review (Figure 

1). Six records were not available for review for practical 

reasons, and three patients had not been screened or had no 

information about a screening-related colonoscopy in the 

medical records. Thus, in total, 286 records were reviewed. 

The mean age was 64.9 years in the review group and 63.8 

years in the nonreview group (Table 1). In the review group, 
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62.9% were males, and in the nonreview group, 55.7% were 

males. With regard to the geographical region, the largest 

proportions of individuals were residents of the Capital 

Region of Denmark both in the review group (30.4%) and in 

the nonreview group (27.4%). Of the 286 individuals in the 

review group, 102 had one or more complications and 184 

had no complication according to the medical records. For 

any complication, the number of true positive complications 

in the DCCSD was 30 and the number of false positives was 

four. Hence, the sensitivity of the DCCSD for any complica-

tion was 29.4% (95% CI: 20.8–39.3) and the PPV was 88.2% 

(95% CI: 72.6–96.7) (Table 2).

On the basis of data from the medical records, the inci-

dence proportion of any complication after colonoscopy 

was 0.70% (95% CI: 0.57–0.84) per person (N=14,671) and 

0.61% (95% CI: 0.50–0.74) per colonoscopy (N=14,712). In 

total, 8,057 individuals in the source population had a polyp-

ectomy, and among these, the incidence proportion of compli-

cations was 1.15% (95% CI: 0.93–1.41) vs 0.14% (95% CI: 

0.06–0.26) for patients with no such procedure. Of the 102 

individuals with complications, we identified 15 individu-

als (0.10% [95% CI: 0.6–0.17]) with perforation or lesion, 

60 (0.41% [95% CI: 0.31–0.53]) with bleeding, 6 (0.04% 

[95% CI: 0.02–0.09]) with other medical complications, 

and 24 (0.16% [95% CI: 0.10–0.24]) with post-polypectomy 

syndrome. Three patients had two types of complications. In 

Table 1 Characteristics of the review group and the nonreview 
group, n=14,671

Characteristics Review group
N=286

Nonreview 
group
N=14,385

age on January 1, 2015, 
mean (median ± sD)

64.9 (67.0±8.9) 63.8 (65.0±8.7)

gender
Female 106 (37.1%) 6,377 (44.3%)
Male 180 (62.9%) 8,008 (55.7%)

geographical region
north Denmark region 31 (10.8%) 1,935 (13.5%)
Central Denmark 
region

45 (15.7%) 3,115 (21.7%)

region of southern 
Denmark

77 (26.9%) 3,556 (24.7%)

Capital region of 
Denmark

87 (30.4%) 3,946 (27.4%)

Zealand region 46 (16.1%) 1,833 (12.7%)

Source population 

Individuals with a positive 
screen and a colonoscopy

N=14,671

Review group

N=286
Patients with record review

Patients with true 
complications 

N=102

Nonreview group
N=14,385

1. No relevant hospital 
contact or death within time 
window after colonoscopy, 
n=14,376
2. No records available, n=6
3. Not screened n=3 

Patients with true 
complications in the 

DCCSD
N=30

Patients with no 
complications 

N=184

Patients with 
complications in medical 

records only
N=72

Figure 1 Flowchart of study population for medical record review.
Abbreviation: DCCsD, Danish Colorectal Cancer screening Database.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1653

Colonoscopy-related complications in CrC screening

total, eleven patients in the review group died, but according 

to the medical records and the DCCSD, none of them died 

from a complication due to a screening-related colonoscopy. 

However, one of these patients had a severe chronic disease, 

and we cannot rule out the possibility that the bowel cleansing 

procedure may have contributed to his death.

By using the Clavien–Dindo classification, 45 (46%) of 

the 99 graded complications were classified in the category 

of lowest severity (grade I) (Table 3). Approximately 15% of 

the complications were graded as level II, IIIa, and IIIb, and 

2% (two complications) were graded as level IVa. None were 

classified as the most severe levels (IVb and V). Among the 15 

patients with a perforation or lesion, 10 (66.7%) were treated 

with surgery and 8 (53.3%) had an abdominal computerized 

tomography (CT) scan. Of the 60 patients with bleeding, 

intravenous fluid therapy (55.0%), observation (48.3%), and 

re-colonoscopy (38.3%) were the most frequent treatments 

(Table 4). Of the 24 individuals with post-polypectomy syn-

drome, 75% had an abdominal CT scan.

Discussion
We report the validity of complications assembled in the 

DCCSD, which aims to monitor the quality of the Danish 

national CRC screening program. In addition, we report the 

incidence of complications as reported in medical records. 

Overall, the sensitivity of the DCCSD for complications was 

29% and the PPV was 88%. The incidence of any complica-

tion was 0.70 per 100 colonoscopies. No deaths related to 

colonoscopy were identified, and the incidence of the most 

severe complications, perforation and bleeding, was 0.1% 

and 0.4%, respectively.

Compared with registration of, for example, clean colon 

(69.0%) and CRC (72.7%) as assessed previously in the 

DCCSD, the sensitivity of complications was poor (29%) 

for any complication.6 In contrast, the PPVs were similar for 

clean colon (96.1%), CRC (88.9%), and any complication 

(88.3%).6 The poor sensitivity leads to an underestimation of 

the incidence of complications in the CRC Danish screening 

program when based on the DCCSD data. As the database 

was established recently and the data pertain to the first year 

of the national CRC screening program, the sensitivity of the 

DCCSD may have improved over time.

Data on morbidity attributed to primary fecal occult blood 

test and colonoscopy screening have been reported widely.7,15 

However, few data exist on complications attributed to 

colonoscopy in an iFOBT-based screening program.16–19 

In a Spanish study that included 675 individuals having a 

colonoscopy after a positive iFOBT, the incidence of major 

Table 2 Validity of complication codes in the DCCsD compared with hospital records

Registration of complications DCCSD

False positive
(in DCCSD only)

True positive
(in DCCSD + 
hospital records)

False negative
(in hospital records only)

Sensitivity PPV

any complication n n n % (95% CI) % (95% CI)
4 30 72 29.41 (20.80–39.25) 88.24 (72.55–96.70)

Abbreviations: DCCsD, Danish Colorectal Cancer screening Database; PPV, positive predictive value.

Table 3 Colonoscopy-related complications according to grade of severity, n=99a

Clavien–
Dindo gradeb

Complication Overall, 
grade n/N (%)Perforation or 

lesion, n (%)
Bleeding, 
n (%)

Polypectomy 
syndrome, n (%)

Total, 
n (%)

i 2 (4.4) 27 (60.0) 16 (35.6) 45 (100) 45/99 (46%)
ii 1 (5.9) 8 (47.1) 8 (47.1) 17 (100) 17/99 (17%)
iiia 2 (13.3) 13 (86.7) - 15 (100) 15/99 (15%)
iiib 8 (57.1) 6 (42.9) - 14 (100) 14/99 (14%)
iVa 1 (50.0) 1 (50.0) 2 (100) 2/99 (2%)
iVb - - - - -
V - - - - -
Missing 1 5 - - 6/99 (6%)

Notes: asix medical complications were not graded according to severity. bClavien–Dindo grade: i (no need for treatment), ii (pharmacological treatment), iiia (surgical, 
endoscopic, or radiologic treatment without general anesthesia), iiib (surgical, endoscopic, or radiologic treatment under general anesthesia), iVa (single organ dysfunction), 
iVb (multiorgan dysfunction), and V (death).

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1654

Mikkelsen et al

complications was 1.5% (1.2% bleedings and 0.2% hypoten-

sion/bradycardia).16 In the first round of the national CRC 

program in Slovenia, 13,919 individuals had a colonoscopy 

after a positive iFOBT, and the overall incidence of seri-

ous complications was 0.08% (0.05% perforations and 

0.03% bleedings).17 From the Basque Country, Arana-Arri 

et al19 reported a 1.0% overall complication rate based on 

an iFOBT screening program with 39,254 colonoscopies. 

Thus, our estimate of any complication (0.7%) is within the 

range of those reported from programs in Spain, Slovenia, 

and the Basque Country. Similar to the Basque study, we 

included all hospital-registered complications, whereas the 

Spanish and the Slovenian studies included only the more 

severe complications (perforations and bleedings) and 

excluded post-polypectomy syndrome. A study of a regional 

population-based guaiac-based faecal occult blood test 

screening program in France in 2003–2010, including 10,277 

colonoscopies, identified a much higher incidence (6.3%) 

of any complication, including all adverse events occurring 

within 30 days of colonoscopy.20 The lower incidence of 

complications in the Danish and Basque populations may be 

explained by technical improvement of the equipment used 

for colonoscopy over the past 10 years. Overall, comparing 

the reported frequencies of complications attributed to CRC, 

screening is hampered by various definitions of complications 

and small number of complications.

When CRC screening was implemented in Denmark, it 

was expected that the incidence of complications would con-

stitute between 0.07% and 0.2% for perforation and between 

0.07% and 0.4% for significant bleeding.21 Our estimate for 

perforation is in line with the expectations, and our estimate 

for bleeding is very close. In addition, we have included all 

hospital-registered bleedings, and not restricted our results 

to significant bleedings.

To identify complications attributed to screening, beyond 

those registered with a specific complication code, we selected 

101 hospital diagnosis and procedure codes that potentially 

could hide a complication. We evaluated all patients who had 

one of the selected surgical diagnoses or procedures within 

14 days after colonoscopy or a nonsurgical-related diagnosis 

within 2 days after colonoscopy, and patients who died within 

90 days after colonoscopy. Using this procedure, we may have 

underestimated the incidence of complications because some 

complications possibly were not included in the 101 selected 

codes or appeared outside our time window. In addition, we 

have focused on colonoscopy-related complications, which 

are monitored by the DCCSD. Thus, we may have overlooked 

other hospital-treated complications, for example, complica-

tions related to the bowel cleansing procedure. Finally, less 

severe complications such as discomfort related to bowel 

preparation and post-colonoscopy abdominal complaints 

are not identified, as they do not lead to a hospital contact.

According to the Clavien–Dindo categorization, the 

majority of complications were of low severity. However, 

all patients with one or more complications had a hospital 

contact, which by itself indicates a somewhat serious medi-

cal problem.14 Further, among 15 patients with a perforation, 

67% had a surgical procedure and 38% of the 60 patients 

with bleeding had a new colonoscopy, indicating quite seri-

ous complications.

In conclusion, the DCCSD has low sensitivity for compli-

cations, and improvements in data registration are essential 

for surveillance of complications and for research purposes. 

The incidence of any hospital-treated post-colonoscopy com-

plication was 0.7% in the first year of the Danish national 

screening program. This is within the range of complications 

Table 4 Examinations and treatments for colonoscopy-related 
complications, n=105

Examination/treatment Yes, n (%)

Perforation or lesion, N=15
Endoscopic treatment with clips/gel 6 (40.0)
abdominal CT scan 8 (53.3)
abdominal X-ray 1 (6.7)
Diagnostic colonoscopy, with no 
endoscopic intervention

2 (13.3)

Therapeutic colonoscopy with 
attempt to close perforation

2 (13.3)

surgery, total 10 (66.7)
surgery, laparascopic, n=10 7 (70.0)
antibiotics 3 (20.0)
Observation, only 3 (20.0)

Bleeding, N=60
Cessation of anticoagulation 21 (35.0)
Tranexamic acid 8 (13.3)
IV fluid 33 (55.0)
new colonoscopy 23 (38.3)
new therapeutic colonoscopy, n=23 15 (65.2)
new colonoscopy with general 
anesthesia, n=23

8 (34.8)

surgery 0 (0.0)
Observation, only 29 (48.3)

Medical complication, N=6
Outpatient treatment 2 (33.3)
hospitalization, only observation 3 (50.0)
hospitalization, new treatment 2 (33.3)

Post-polypectomy syndrome, N=24
hospitalization, only observation 15 (62.5)
hospitalization, only antibiotics 8 (33.3)
abdominal CT scan 18 (75.0)
abdominal X-ray 1 (4.2)
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reported in other studies and in accordance with the expecta-

tions expressed before implementation of the CRC screening 

program in Denmark.
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