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Purpose

In order to reduce the incidence and mortality of colorectal cancer, improving the quality of colonoscopy is the top priority. At present, the adenoma detection rate is the most used index to evaluate the quality of colonoscopy. So, we further verified the relevant factors influencing the quality of colonoscopy and found out the novel quality indicators by studying the relationship between the influencing factors and the adenoma detection rate.





Materials/methods

The study included 3824 cases of colonoscopy from January to December 2020. We retrospectively recorded the age and sex of the subjects; the number, size, and histological features of lesions; withdrawal time and the number of images acquired during colonoscopy. We analyzed the associated factors affecting adenoma and polyp detection, and verified their effectiveness with both univariate and multivariate logistic regression analyses.





Results

Logistic regression analyses showed that gender, age, withdrawal time and the number of images acquired during colonoscopy could serve as independent predictors of adenoma/polyp detection rate. In addition, adenoma detection rate (25.36% vs. 14.29%) and polyp detection rate (53.99% vs. 34.42%) showed a marked increase when the number of images taken during colonoscopy was ≥29 (P<0.001).





Conclusions

Gender, age, withdrawal time and the number of images acquired during colonoscopy are influencing factors for the detection of colorectal adenomas and polyps. And we can gain higher adenoma/polyp detection rate when endoscopists capture more colonoscopic images.
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Introduction

Colorectal cancer (CRC) has high incidence and accounts for roughly 10% of all cancer diagnoses and cancer-related deaths globally each year (1). Population-based screening is an important means of preventing CRC. The population-based screening and early detection program introduced in the United States in the 1990s had an impact on the incidence and mortality of CRC, which showed a decreasing trend (2).

Many CRC screening methods currently exist, but definitive diagnosis still depends on colonoscopy (3). Colonoscopy plays an increasingly important role in CRC prevention and has become a more common screening test for colorectal neoplasia (4, 5). It provides a direct visualization of the whole colon from the rectum to the cecum and even the anus and allows the histological evaluation of any abnormal endoscopic findings, as well as the complete removal of many precancerous lesion. According to the long-term follow-up of patients after colonoscopic polypectomy, early detection, early intervention, and long-term monitoring can remarkably reduce the incidence of CRC (6, 7). The wide application of colonoscopy has promoted the extensive research on the quality improvement of colonoscopy in recent years.

In fact, observational indicators are used to evaluate the quality of colonoscopy, especially in the early identification and intervention of tumors. These indicators including bowel preparation, cecal intubation rate (CIR), adenoma detection rate (ADR), polyp detection rate (PDR), rectal retroflection, withdrawal time, sedation practice and comfort level, annual procedure quantity. Among them, ADR is one of the most commonly used evaluation indicators. ADR, which is dependent on small adenomas, as they account for most of the adenomas detected during colonoscopy, has been the key point of most studies on CRC screening and has found remarkable differences between endoscopists (8–10). Improving ADR is believed to improve colonoscopy performance to reduce the morbidity and mortality of interval cancers (11, 12). Many methods have been developed to improve ADR (13). For example, Barclay found that a longer withdrawal time (>6 min) increases the detection rates of polyps and advanced tumors (14). Studies demonstrated that divided-dose bowel preparations increase ADR (15, 16). All of these parameters are artificially controllable factors during colonoscopy, but whether unknown factors may influence the ability of colonoscopy to detect lesions is unclear, such as pictures collection during colonoscopy. The images acquired during colonoscopy are the most intuitive evidence for the acquisition of colonoscopy results. Therefore, we hypothesized that the number of colonoscopy images acquired is also a factor that influences the quality of colonoscopy. We further verified the relevant factors influencing the quality of colonoscopy by studying the relationship between the influencing factors and the adenoma detection rate.





Patients and methods




Study population

Subjects who underwent colonoscopy at the Gastroscopy Center of the Affiliated Hospital of Yangzhou University from January to December 2020 were enrolled. The following inclusion criteria were applied: (1) subjects’ age ≥18 years; (2) subjects underwent colonoscopy for the first time. The exclusion criteria listed below were applied: (1) subjects with a personal history of CRC or colorectal resection; (2) pregnant or lactating women; (3) subjects with severe systemic diseases, mental disorders, and other diseases that might interfere with the assessment of the examination; (4) colonoscopies that were discontinued because of poor bowel preparation or other reasons; and (5) colonoscopies performed by endoscopists with a minimal number of operations per year (annual number of colonoscopies performed <500) or those with insufficient experience in colonoscopy (number of years of activity as endoscopist <3) (Figure 1). The Yangzhou University Affiliated Hospital’s Ethics Committee approved this study (No. 2021-YKL06-09-004). The need for informed consent was waived due to the retrospective nature of this study.




Figure 1 | Study flow diagram and patients demographics.







Study procedures

Sixteen endoscopists in this study had dedicated, hands-on instruction for colonoscopy. All colonoscopies were performed in a hospital outpatient endoscopy center under venous anesthesia. We recorded the subjects’ age and sex, cecal intubation, withdrawal time and the number of images acquired during colonoscopy, as well as the number, size, location, and histological description of the lesions detected during colonoscopy. In the process of recording the number of colonoscopy pictures taken, when there are repeated pictures taken, i.e. the same pictures are taken two or more times, only one is recorded. When there were other errors, i.e. the pictures collected were blurred, in which case these pictures would be excluded from the study. The standard bowel preparation was a 3-liter oral lavage with polyethylene glycol electrolyte solution and dimeticone.





Statistical analysis

Intergroup differences were compared using Student’s t-test. Chi-square test was used to analyze categorical data. Data were expressed as mean ± standard deviation. Multiple logistic regression analysis was used to determine the possible factors affecting lesion detection. Statistical Product and Service Solutions (SPSS) 22.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical processing. Statistical significance was defined by P ≤ 0.05. No guideline has been established for the number of images acquired during colonoscopy, thus, when we analyzed the number of images taken during colonoscopy, the median number of images acquired in all subjects was used, 29 as the basis for grouping.






Results




Study population

The baseline characteristics of subjects are illustrated in Table 1. Based on the inclusion and exclusion criteria, 3824 subjects were selected from 6015 subjects for inclusion in the study. The average age of the subjects included was 53.15 years, and 57.51% were male. Colorectal polyps were more frequently observed in participants who were older, male, with a longer withdrawal time and a higher number of images during colonoscopy (P<0.001).


Table 1 | Clinical characteristics of the subjects.







Outcome measures




Relevant factors for lesion detection

The influence of various factors (age, sex, withdrawal time and the number of images taken during colonoscopy) on lesion detection rate was studied (Table 2). The subjects were divided into two groups depending on the presence or absence of colorectal adenomas and polyps. The ADR (23.40% vs. 9.08%) and PDR (52.93% vs. 33.35%) of subjects aged ≥45 years were significantly higher than those aged <45 years (P<0.001), and males were higher than females (P<0.001). The ADR (61.02% vs. 10.88%) and PDR (78.96% vs. 27.02%) are remarkably greater among endoscopists with a mean withdrawal time of ≥6 minutes and a higher number of images taken during colonoscopy (P<0.001).


Table 2 | Correlation between different factors and the detection of adenomas and polyps.



Finally, in the univariate analyses, the odds of detecting an adenoma in women were 54.6% of those in men. People aged ≥45 years were more than three times as likely to develop adenomas as those aged <45 years. As the number of images collected during colonoscopy increased, ADR increased approximately 2-fold. Multivariate analyses showed that gender, age, withdrawal time and the number of images acquired during colonoscopy could serve as independent predictors of ADR (Table 3). Similar results were obtained in the analysis of polyp detection (Table 4).


Table 3 | Logistic regression analysis of relevant risk factors that may influence adenoma detection.




Table 4 | Logistic regression analysis of the relevant risk factors that may influence polyp detection.







Effect of the photodocumentation of colonoscopy on lesion detection

Based on the above results, we further specifically analyzed the impact of picture recording on the quality of colonoscopy. Table 5 describes the effect of the number of images acquired during colonoscopy on the detection of size, number, and pathology of lesions. According to the number of images, subjects were divided into two groups (1991 [≥29] vs. 1833 [<29]), and the difference in ADR (25.36% vs. 14.29%) and PDR (53.99% vs. 34.42%) between the two groups was significant (P<0.001). Excluding normal subjects, subjects in the lesion group were divided into two groups according to the number of images acquired during colonoscopy (1075 [≥29] vs. 631 [<29]). The difference in the detection rate of polyps with ≥6 mm diameter was significant between the two groups (P<0.05), and the difference in the detection rate of ≥3 polyps between the two groups was significant (P<0.001). The difference in the detection rates between nonneoplastic polyps and neoplastic polyps was also significant (P<0.05).


Table 5 | Effect of the number of images acquired during colonoscopy on lesion detection.







Detection of lesions in individual colonic segments

A strong correlation was found between the number of images acquired at each colorectal site and the detection rate of lesions (Table 6). Similarly, the median number of images acquired at different sites in the colon across all subjects was used as the cutoff. In the cecum and rectum, ADR and PDR were remarkably higher when the number of images acquired in each colonic segment was ≥3 compared with <3. In the ascending colon, transverse colon, descending colon, and sigmoid colon, ADR and PDR were remarkably higher when the number of images acquired in each colonic segment was ≥4. However, with the exception of the ascending and descending colons, no substantial differences were found between the two groups in the detection of large polyps (≥6 mm diameter). Moreover, no considerable difference was found between the two groups in terms of polyp number or polyp histopathology.


Table 6 | Effect of the number of images acquired in individual colonic segments during colonoscopy on lesion detection.









Discussion

Colonoscopy is the most common tool in CRC screening. It provides the chance to detect and remove benign lesions before the conditions deteriorate (14). ADR is the most commonly used marker for measuring colonoscopy quality and is used as an observation indicator to evaluate whether a new technology or technique improves the quality of colonoscopy (17). Based on our study, gender, age, withdrawal time and the number of images acquired during colonoscopy could serve as independent predictors of ADR.

In the past few decades, CRC cases have increased dramatically in the United States and other high-income countries. The incidence rate of CRC is 30% higher in men than in women, which may be related to male androgen levels (18, 19). According to our study, compared with women, men have a higher ADR, which is also consistent with previous studies. Therefore, we believe that males should pay more attention to colorectal cancer screening activities.

The 2021 American College of Gastroenterology screening guidelines also recommend CRC screening in average-risk population among ages 45–49 to decrease the incidence of advanced adenomas and carcinoma (3). Previously, in 2018, the American Cancer Society also published guidelines with a recommendation to reduce the initiation age for CRC screening in average-risk individuals from 50 years to 45 years and that starting screening at age 45 would result in a gain of approximately 25 additional life years per 1,000 individuals screened as compared with age 50 (20). Based on our findings, ADR and PDR substantially increased in subjects older than 45 years. Therefore, broadening the CRC screening population would be suitable.

According to a study involving 12 endoscopists, their analysis of screening colonoscopy in average-risk individuals found remarkable differences in the detection rates of lesions among endoscopists. Their results also showed that adequate withdrawal time can considerably improve colonoscopy quality (8). Shaukat et al. concluded that the incidence of interval cancer can be reduced by appropriately prolonging the withdrawal time during colonoscopy (21). Similarly, the increased withdrawal time also improved the ADR in our study. However, in normal subjects, their average withdrawal time was low and did not reach the guideline recommended time (3, 22), which requires further improvement later on.

In addition, we report for the first time in this study the effect of the number of images acquired taken during colonoscopy on colonoscopy quality in outpatients. Similar to withdrawal time, increasing the number of images acquired during colonoscopy suggests a more careful examination of the mucosa during colonoscopy and increases the chance of detecting lesions. The photodocumentation of cecal intubation had nominal effects on ADR and PDR. Acquiring more endoscopic images were more likely to demonstrate cecal intubation. Although their results did not reach statistical significance, the ADR and PDR of photographically confirmed colonoscopies were higher than those of deficiently photodocumented cases (23). Our results suggest that a difference in the number of images acquired during colonoscopy contributes to differences in the detection rates of lesions. In our study, ADR (25.36% vs. 14.29%) was significantly and markedly increased when the number of images taken during colonoscopy was ≥29. The resulting ADR was low, and the true ADR would be higher than our final ADR, because a large number of patients undergoing endoscopic treatment were initially excluded. In fact, the photodocumentation of abnormalities detected during colonoscopy has become universal. The habits of individual endoscopic operators in taking photos during colonoscopy vary, and the conception of images taken at normal sites, some prominent sites, and where abnormal lesions were present varies and may depend on the psychological state of the operator, which results in large differences in the number of drawings left. Our results suggest that the increased number of images acquired during colonoscopy increases the likelihood of detecting lesions and thus improves the quality of colonoscopy. However, whether this factor reduces the incidence and mortality of CRC is unclear, and future studies on photodocumentation during colonoscopy are warranted.

In our study, PDR paralleled ADR in trend, and the differences were significant. Most CRCs develop within adenomatous or serrated polyps, and the disruption of the polyp-to-cancer sequence prevents CRC progression. The increased detection and removal of colorectal polyps by colonoscopy is associated with a reduction in the incidence of advanced adenomas, carcinoma, and mortality from CRC (24). Briefly, our study results support the idea that the number of images acquired during colonoscopy correlates with the detection of polyps, and the results provide an opportunity for polypotomy, which may then reduce the incidence and mortality of CRC.

The ultimate aim of colonoscopy screening is to prevent CRC. Advanced adenomas in particular are more prone to develop into malignant diseases (25). According to the definition of the US Multi-Society Task Force on Colorectal Cancer, an advanced neoplasm is defined as an adenoma with a size of ≥10 mm, villous histology, or high-grade dysplasia. On follow-up after colonoscopy, patients found to have advanced adenomas are at increased risk of advanced neoplasia (26). However, the incidence of carcinoma is higher for lesions ≥6 mm than for lesions ≤5 mm (27). And it is difficult to differentiate benign and advanced adenomas by colonoscopy only (27–29). Therefore, the most recent clinical practice guidelines for the management of colorectal polyps strongly recommend endoscopic resection for lesions ≥6 mm in size (30). Our results also showed that acquiring a greater number of images during colonoscopy is correlated with a higher detection rate of large lesions. This result has remarkable implications for CRC screening by colonoscopy.

Finally, our study has several limitations. On the one hand, the analysis was not adjusted for patient factors, such as sedation, family history of CRC, and smoking, which may have influenced the results. On the other hand, this study is a single-center study. Further multicenter studies are needed to further verify the impact of colonoscopy photodocumentation on colonoscopy quality.

In our study, it is the first to explore the effect of colonoscopy photodocumentation on ADR and PDR. Besides ADR, cecal intubation rate and withdrawal time, we think that the image recording of colonoscopy is a novel quality indicator of colonoscopy that has been neglected for a long time, which is worth considering in the future recommendations and guidelines for colonoscopy quality indicators and screening. We call on gastroenterologists to take more pictures during colonoscopy. Overall, no studies to date have demonstrated appropriate specifications for image capture during colonoscopies. We obtained a higher ADRs and PDRs when endoscopists acquired more colonoscopic images. But the effect of a different number of images acquired during colonoscopy on CRC prevention is unknown. Our study was a rudimentary investigation; therefore, benefit, universality and meanings for clinical practice must be determined by farther studies.
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