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36% (95% confidence interval [CI] 32–39), the mean number 
of adenomas per colonoscopy was 0.66 (95% CI 0.56–0.77), 
and the sessile serrate lesion detection rate was 1% (95% CI 
0–2). The bowel preparation was rated as adequate in 496 
(76%) patients. The adjusted cecal intubation rate (CIR) was 
93.7% (95% CI 91.7–95.8). Most colonoscopies were per-
formed under monitored anesthesia care (53%), and 35% 
were unsedated. The use of sedation (propofol or midazol-
am based) was associated with a higher CIR with an odds 
ratio of 3.60 (95% CI 2.02–6.40,  p  < 0.001).  Conclusion:  Our 
data show an above-standard ADR. The frequency of poor 
bowel preparation and the low sessile serrated lesion detec-
tion rate were acknowledged, and actions were implement-
ed to improve both indicators. Quality auditing in colonos-
copy should be compulsory, and while many units may do 
so internally, this is the first national report from a high-
throughput endoscopy unit. 

 © 2016 Sociedade Portuguesa de Gastrenterologia
Published by S. Karger AG, Basel 
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 Abstract 

  Background:  Colorectal cancer (CRC) is the first cause of can-
cer-related mortality in Portugal. CRC screening reduces dis-
ease-specific mortality. Colonoscopy is currently the pre-
ferred method for screening as it may contribute to the re-
duction of CRC incidence. This beneficial effect is strongly 
associated with the adenoma detection rate (ADR).  Aim:  Our 
aim was to evaluate the quality of colonoscopy at our unit by 
measuring the currently accepted quality parameters and 
publish them as benchmarking indicators.  Methods:  From 
5,860 colonoscopies, 654 screening procedures (with and 
without previous fecal occult blood testing) were analyzed. 
 Results:  The mean age of the patients was 66.4 ± 7.8 years, 
and the gender distribution was 1:   1. The overall ADR was 
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 Taxa de Deteção de Adenomas: Revelo a Minha Se 

Revelares a Tua 

 Palavras Chave 

 Adenoma · Colonoscopia · Neoplasias colorrectais · 
Indicadores de qualidade em assistência à saúde · 
Qualidade de cuidados de saúde 

   Resumo 

 O cancro do colon e reto (CCR) é a primeira causa de can-
cro e de morte por cancro em Portugal. O rastreio reduz a 
mortalidade específica por CCR. A colonoscopia é o méto-
do preferencial para o rastreio uma vez que pode contri-
buir para a redução da incidência do CCR. Este efeito está 
fortemente associado à taxa de deteção de adenomas 
(TDA). O nosso objetivo foi avaliar e dar a conhecer a qua-
lidade da colonoscopia na nossa unidade, através da me-
dição dos principais indicadores de qualidade e torná-los 
públicos como indicadores de aferição para outras unida-
des.   De um total de 5,860 colonoscopias foram seleciona-
das para análise 654 de rastreio (com ou sem pesquisa de 
sangue oculto prévia). A idade média foi de 66.4 ± 7.8 
anos e a distribuição por género de 1:   1. A TDA global foi 
de 36% (95% CI 32–39), o número médio de adenomas 
por colonoscopia foi de 0.66 (95% CI 0.56–0.77) e a taxa 
de deteção de lesões serreadas sésseis foi 1% (95% CI 
0–2). A preparação intestinal foi considerada adequada 
em 496 (76%). A taxa de intubação cecal ajustada foi de 
93.7% (95% CI 91.7–95.8). A maioria das colonoscopias foi 
realizada sob sedação profunda/anestesia por anestesista 
(53%) e 35% foram sem sedação. A utilização de sedação 
está associada a uma maior taxa de intubação cecal (OR 
3.60; 95% CI 2.02–6.40,  p  < 0.001).   Estes dados revelam 
uma TDA superior ao mínimo definido para colonoscopia 
de qualidade. A frequência de preparações intestinais ina-
dequadas e a baixa taxa de deteção de lesões serreadas 
sésseis são indicadores importantes que foram reconhe-
cidos e levaram a medidas de melhoria de qualidade na 
nossa unidade.   A auditoria de qualidade em colonoscopia 
deve ser realizada de forma contínua e embora muitas 
unidades façam auditorias internas, esta é a primeira pu-
blicação com os dados de uma unidade de endoscopia 
nacional.  © 2016 Sociedade Portuguesa deastrenterologia

Publicado por S. Karger AG, Basel. 

   Introduction 

 Colorectal cancer (CRC) is the first cause of cancer-
related mortality in Portugal and a leading cause of cancer 
deaths in the world  [1] . CRC screening reduces disease-
specific mortality  [2–10] . Colonoscopy is currently the 
preferred method for screening  [11, 12]  as it allows for the 
detection and removal of premalignant lesions and may 
contribute for the reduction of CRC incidence  [2, 4, 5, 13, 
14] , which is still increasing in Portugal  [1, 15] . However, 
this beneficial effect is strongly associated with the ade-
noma detection rate (ADR)  [2] , which is the single most 
important quality surrogate for screening colonoscopy 
 [16] . Besides ADR, the European Society of Gastrointes-
tinal Endoscopy (ESGE) published a set of indicators and 
the recommended quality thresholds to ensure effective 
screening in Europe  [17] .

  In Portugal, there is no organized CRC screening pro-
gram yet. Screening colonoscopy is performed in hospi-
tals, ambulatory centers, or office-based endoscopy clin-
ics, and there is no systematic audit of colonoscopy qual-
ity in place.

  Health services research is increasingly being valued as 
a means to study the outcome of specific interventions 
and to establish benchmarking criteria to healthcare pro-
viders. It also enables to detect organizational underper-
formance in order to undertake conscientious changes.

  Our aim was to evaluate the quality of colonoscopy at 
the Hospital Beatriz Ângelo in Loures, Portugal, in the 
first 3 years since its opening in 2012, having as compara-
tors the established indicator thresholds when available.

  Methods 

 We conducted a single-center, cross-sectional study in the sec-
ondary care hospital Hospital Beatriz Ângelo (HBA) between Jan-
uary 2012 and December 2014. The data were retrospectively col-
lected.

  Patients 
 We selected all patients  ≥ 50 years of age who were referred to 

HBA directly for colonoscopy screening or following a positive fe-
cal occult blood test (FOBT). Patients referred for colonoscopy for 
other indications, including surveillance after resection of colorec-
tal lesions and a family history of CRC or adenomas, were exclud-
ed from the analysis.

  All patients were pre-evaluated at a gastroenterology appoint-
ment where the written informed consent for the procedure was 
obtained.

  Bowel preparation was accomplished using verbal and written 
information. Patients were informed to take a 3-day low-residue 
diet, a low-volume (2 L) polyethylene glycol bowel preparation 
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(Moviprep ® ; Norgine Limited, Hengoed, UK), and 2 tablets of bi-
sacodyl 5 mg in the evening prior to the procedure for morning 
patients and a split-dose regimen for those in the afternoon sched-
ule.

  Setting 
 The Endoscopy Unit at HBA is integrated in a surgical ambula-

tory care center and comprises 3 endoscopy rooms equipped with 
Olympus Evis-Exera II (Olympus, Tokyo, Japan) video processors 
and endoscopes of the 160 and 180 series. The electrosurgical units 
are VIO 200D and 200S models (Erbe Elektromedizin GmbH, 
Tübingen, Germany). All rooms are equipped with an anesthesia 
workstation (Fabius Tiro; Drager, Vienna, Austria).

  The recovery room has a total capacity of 26 patients, 10 of 
which are attributed to the Endoscopy Unit.

  During the study period, the unit was staffed by 8 gastroenter-
ology consultants and 1 gastroenterology resident.

  Each room is staffed by an endoscopist, a nurse, and a staff as-
sistant. For the cases performed under propofol sedation – moni-
tored anesthesia care (MAC) – an anesthesiologist and a second 
nurse were also staffing the room.

  Outcomes 
 We used the institution’s electronic health record to collect in-

dividual patient demographic characteristics as well as colonos-
copy quality indicators, which were as follows: ADR (calculated as 
the number of colonoscopies with histologically confirmed adeno-
mas over the total number of colonoscopies); the mean number of 
histologically confirmed adenomas per colonoscopy; lesion detec-
tion rate (number of colonoscopies with endoscopically detected 
lesions over the total number of colonoscopies); number of endo-
scopic detected lesions per colonoscopy; advanced ADR (lesion 
size  ≥ 10 mm, high-grade dysplasia, or villous histology); CRC de-
tection rate; lesion attack rate (number of lesions removed over 
number of lesions detected); cecal intubation rate (CIR), crude and 
adjusted for stenosis); rate of cecal intubation photographic docu-
mentation; bowel preparation quality as rated by the endoscopist 
as adequate (good and fair) or inadequate; type of sedation (pro-
pofol based, midazolam based, or none); written surveillance rec-
ommendation rate, and complication rate (clinically significant 
bleeding and perforation or post-polypectomy syndrome) that in-
volved admittance of the patient or a subsequent emergency room 
episode.

  As quality thresholds for CIR, we used the bowel preparation 
quality and informed consent rate for those set by the ESGE  [17] , 
and for the remainders, we used the thresholds set by the American 
Society for Gastrointestinal Endoscopy (ASGE)  [16] .

  Statistical Analysis 
 The mean and standard deviations are shown for continuous 

variables with a normal distribution. These were compared using 
an independent  t  test. The other continuous variables were com-
pared using the Mann-Whitney U test.

  Categorical variables are presented as proportions (%) and 
compared with the Fisher or χ 2  tests. For the estimation of the 
confidence intervals (CIs), the simple asymptotic method was 
used. Logistic regression was used for dichotomous outcomes in 
order to determine the effect estimates that are presented as odds 
ratio (OR) and 95% CIs. Missing data were dealt by pairwise dele-
tion.

  Results 

 From a total of 5,860 colonoscopies performed during 
the study period, 736 were included for review. After in-
dividual review of each patient’s electronic health record, 
82 were excluded as they were considered to be diagnos-
tic procedures for symptomatic patients. The final sam-
ple was composed of 654 colonoscopies, and the demo-
graphic and procedural characteristics are depicted in 
 Table 1 .

  The mean age was 66.4 ± 7.8 years, and the gender ra-
tio was 1:   1. Colonoscopy quality indicators are shown in 
Table 2. The overall ADR is 36% (95% CI 32–39) 45.8 and 
25.1% for the male and female patients, respectively. The 
mean adenoma number per colonoscopy was 0.66 (95% 
CI 0.56–0.77).

  The bowel preparation was rated by the endoscopist as 
adequate (excellent, good, or fair) in 496 (76%) patients. 
236 (35%) patients were submitted to unsedated colonos-
copy, while the majority (53%) were offered propofol-
based deep sedation under anesthesiologist care.

  The crude CIR was 92% (95% CI 89–94) and 93.7% 
(95% CI 91.7–95.8) after adjusting for stenosis and poor 
bowel preparation.  Table 3  shows the adjusted CIR ac-
cording to the sedation type. The use of sedation (propo-
fol or midazolam based) was associated with a higher CIR 
with an OR of 3.60 (95% CI 2.02–6.40,  p  < 0.001). Con-
cerning CIR, there was no statistically significant differ-
ence between propofol- or midazolam-based sedation 
(OR 0.88, 95% CI 0.29–2.72,  p  = 0.831).

  To increase the CIR by 1, the number that needs to be 
sedated is 18.9.

 Table 1.  Demographic and procedural characteristics

Screening 
(n = 110)

FOBT
(n = 544)

Total
(n = 654)

Mean age ± SD, years 63.4 ± 7.5 67.0 ± 7.74 66.4 ± 7.8
Male sex 57 (52) 271 (50) 328 (50)
Obesity 25 (23) 164 (30) 189 (29)
Diabetes 21 (19) 115 (21) 136 (21)
CRC family history 27 (25) 59 (11) 86 (13)
Sedation

Propofol based 63 (57) 283 (52) 346 (53)
Midazolam based 11 (10) 66 (12) 77 (12)
No sedation 36 (33) 195 (36) 231 (35)

Values are n (%), unless otherwise indicated.
FOBT, fecal occult blood test; CRC, colorectal cancer; SD, 

standard deviation.
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  With these data, we can calculate a number needed to 
diagnose of 2.8 for colorectal adenomas and 50 colonos-
copies for CRC. In the subgroup of positive FOBT, the 
numbers were 2.8 and 33, respectively.

  To calculate the cost-effectiveness ratio for CRC and 
adenoma detection, we used the value payed by the na-
tional health system to private units, which is set at EUR 
101.23 for a colonoscopy. Accordingly, the cost for the 
detection and removal of an adenoma is EUR 283.44, and 
EUR 5,061.50 for 1 diagnosis of CRC.

  Discussion 

 HBA is a newly built hospital (2012), and its manage-
ment places an important focus on quality improvement 
and innovation. The current study results from this need 
and aims at promoting the design and implementation of 
specific measures to improve the outcomes.

  The single most important outcome to measure the ef-
fectiveness of colonoscopy is the ADR, since it is associ-
ated with the future risk of CRC incidence and mortality 
 [2] . The ADR at our unit (36%, 95% CI 32–39) is well 
above the quality threshold set by the endoscopy societies, 
which is currently 25%  [16] . The benefit of knowing our 
own ADR may also motivate quality improvement, as has 
been shown in several interventional studies with the im-
plementation of scheduled personalized ADR report 
cards. Endoscopists thrive when they are aware of their 
own quality metrics  [18, 19] .

  It is our intention to maintain the audit in order to 
promote a continuous incentive to improve the yield of 
colonoscopy.

  Nevertheless, although ADR is considered the best 
surrogate marker of colonoscopy quality, it is associated 
with several shortcomings such as allowing itself to be 
gamed while inducing a “one-and-done” performance by 
the practicing endoscopist  [16] . To overcome this limita-
tion, the mean number of adenomas per colonoscopy is 
an alternative indicator that is gaining acceptance as it 
possesses more information than the ADR  [16, 20] . The 
mean number of histologically confirmed adenomas per 
colonoscopy in our cohort (0.66 [95% CI 0.56–0.77]) is 
well above the threshold of 0.5 lesions per colonoscopy 
proposed by the Indiana Group  [20] .

  The very low sessile serrated lesion (SSL) detection has 
led us to discuss the issue with our pathologists, and we 

 Table 2. Colonoscopy quality indicators

Screening (n = 110) FOBT (n = 544) Total (n = 654) ASGE thresholds, %

ADR 34 (25 – 43) 36 (32 – 40) 36 (32 – 39) ≥25
MAPC 0.53 (0.36 – 0.69) 0.69 (0.57 – 0.81) 0.66 (0.56 – 0.77) n.a.
AADR 14 (7 – 20) 20 (17 – 24) 19 (16 – 22) n.a.
SSL – 1 (0 – 2) 1 (0 – 2) n.a.
LDR 51 (41 – 60) 54 (50 – 58) 54 (50 – 57) n.a.
MLPC 0.95 (0.67 – 1.22) 1.09 (0.93 – 1.26) 1.07 (0.92 – 1.21) n.a.
CRC DR 1 (0 – 3) 3 (1 – 4) 2 (1 – 4)
CIR 94.4 (89.5 – 99.3) 93.6 (91.3 – 95.9) 93.7 (91.7 – 95.8) ≥90*
Cecal intubation documentation 94 (89 – 99) 91 (89 – 94) 92 (89 – 94) ≥95
Adequate bowel preparation, n (%) 81 (74) 416 (76) 496 (76) ≥85
Adverse event rate 2 (0 – 4) 2 (1 – 3) 2 (1 – 3) n.a.
Surveillance recommendation 38 (29 – 48) 60 (55 – 64) 56 (52 – 60) ≥90

 Values are 95% CI, unless otherwise indicated. FOBT, fecal occult blood test; ASGE, American Society for Gastrointestinal Endoscopy; 
ADR, adenoma detection rate; MAPC, mean adenoma per colonoscopy; AADR, advanced adenoma detection rate; SSL, sessile serrated 
lesion; LDR, lesion detection rate; MLPC, mean lesion per colonoscopy; CRC DR, colorectal cancer detection rate; CIR, cecal intubation 
rate; n.a., not available.* ≥95 for screening procedures (not FOBT).

 Table 3. Adjusted cecal intubation rate (CIR) by sedation type

Propofol Traditional sedation No sedation

CIR, n (%) 277 (95.8) 65 (94.2) 166 (90.2)
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are currently performing a large-scale randomized trial to 
evaluate a specific intervention to improve SSL detection. 
Participation in research protocols may constitute by it-
self an incentive to overperform, and this is a hypothesis 
that we will be evaluated in the future.

  The CIR (93.7%) was also within the established qual-
ity threshold. The use of sedation seems to have been 
valuable in this regard as it was used in the majority of 
procedures and was associated with a higher CIR.

  Regarding procedural sedation, our unit has a higher 
rate of propofol sedation than the reported in Portuguese 
public hospitals in a recent national survey  [21] . The 
ESGE evidence-based guideline endorses the use of non-
anesthesiology-administered propofol sedation  [22] , but 
the Portuguese National Health Administration (Direção 
Geral de Saúde) recommends the routine use of MAC for 
screening colonoscopy. Sedation has been extensively 
studied and mainly improves patients’ comfort and ac-
ceptance with little (if any) added risk with anesthesia ser-
vices  [23] .

  The data presented herein support sedation use, either 
as moderate/traditional sedation or as MAC. The usage 
of sedation was associated with a higher CIR with a num-
ber need to treat of 18.9, and although we did not evaluate 
safety, we have previously studied propofol-based deep 
sedation during colonoscopy in a strictly controlled clin-
ical trial, and there were no serious adverse events  [24] . 
Still, there is ongoing and renewed discussion on the ben-
efits of sedation since the NordICC trial exposed some 
evidence failing to associate a benefit in comfort, CIR, and 
ADR with sedation  [25] . Moreover, concern over the po-
tential for the increase in adverse events due to sedation 
reemerged with the analysis of over 3 million colonos-
copy administrative claims in the USA (patients aged 40–
64 years) by Wernli et al.  [23] , where 34% were performed 
with anesthesia services. In that study, anesthesia was as-
sociated with a significant increased risk for complica-
tions (OR 1.13 [95% CI 1.12–1.14]), albeit a low absolute 
risk. A safe and very cost-effective alternative to MAC is 
nonanesthesiologist administration of propofol as we 
have shown previously in a noninferiority randomized 
controlled trial, which enrolled 277 low-risk (American 
Society of Anesthesiologists [ASA] <3) patients  [24] . Cur-
rently, we offer the option of moderate sedation to all our 
patients and MAC to selected patients.

  One of the most important results obtained was the 
acknowledgement of a high proportion of patients with a 
bowel preparation quality considered inadequate. Almost 
a quarter of all procedures were deemed poorly prepared 
by the endoscopist. Poor bowel preparation has been as-

sociated with a lower CIR and ADR  [26] , as well as high-
er rates of adverse events and repeat procedures. This 
study allowed us to acknowledge the underperformance 
and to determine bowel preparation as a priority issue in 
our unit. An intervention to optimize it is now in place. 
The intervention consists of adopting split-dose and 
same-day regimens for morning and evening procedures 
and a newly designed written document with emphasis 
on simplicity. Split-dose for morning procedures has 
been shown to improve ADR and especially the quality of 
the preparation in the right bowel  [27, 28] . Although, this 
scheme is advocated by major societies  [29, 30] , its uptake 
has been suboptimal due to factors such as fear of in-
creased aspiration risk, fecal incontinence, and low pa-
tient education  [31] , even with the ASA guidelines advo-
cating a 2-hour clear liquid fast for all forms of anesthesia 
in patients without risk factors for aspiration  [32] .

  The aim of the intervention is to lower the inadequate 
preparations to a value <15% in order to comply with the 
quality metrics and improve our ADR while decreasing 
the number of repeat procedures. We have implemented 
an ongoing auditing strategy to measure the impact of the 
intervention, which will soon be reported.

  Studies such as the present one show a commitment to 
quality that should be mandatory in all endoscopy units. 
We believe that the reports of critical quality indicators 
such as the ADR should be made public and wish to con-
tribute by taking a first step towards transparency and 
benchmarking in colonoscopy in Portugal.

  Moreover, the continuous audit of quality parameters 
and the comparison of benchmarks may contribute to 
implement proven interventions or hypothesize new in-
terventions that may contribute to the increase in effec-
tiveness (or safety) of colonoscopy. As this was an inter-
nal audit conducted by the endoscopy unit personnel, an 
obvious conflict of interest has to be acknowledged. The 
ideal option would be to have an external audit or natural 
language software to calculate the quality indicators au-
tonomously.

  As a limitation we must acknowledge the fact that 
most patients included were not “screening naïve” as 83% 
had a positive FOBT as the indication for colonoscopy. 
However, the ADR in both screening and FOBT groups 
was remarkably similar, and the estimated CIs were above 
25% in both groups.

  Another important limitation is the lack of a validated 
bowel preparation quality scale in our analysis. This is 
due to the retrospective design of the study and because 
only one-third of the procedures had reported values for 
each segment of the colon using a validated scale (the Bos-
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ton Bowel Preparation Score). All reports used a subjec-
tive scale of poor/fair/good preparation determined by an 
endoscopist. Following this study, it became mandatory 
in our unit to systematically assess and include the prepa-
ration quality in the colonoscopy report.

  The presented data also prompted us to implement a 
proven strategy to improve the bowel preparation quality 
and designed a multicenter randomized controlled trial 
to test a specific intervention to improve the SSL detec-
tion rate.

  The ultimate goal of this study is to increase the public 
acceptance for colonoscopy by showing data to support 
its effectiveness and to decrease the incidence- and CRC-
associated mortality in Portugal. Moreover, the Portu-
guese government recently issued an executive document 
in order to implement a CRC screening strategy in Por-
tugal by 2017. Such a program has to bear in its core the 

awareness of the importance of quality colonoscopy. We 
urge colonoscopists to embrace quality metrics and make 
them public while external audit is not in place. Such 
transparency will hopefully contribute to make colonos-
copy the most cost-effective screening strategy in Portu-
gal.

  Statement of Ethics

 Written informed consent for the procedure was obtained by 
the patients. 

Disclosure Statement 

 The authors have no conflicts of interest to declare.
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