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Abstract
BACKGROUND 
Colonoscopy is the accepted gold standard for the detection of colorectal cancer. 
However, colonoscopy is less effective in preventing colon cancer in the right side 
compared with the left side.

AIM 
To investigate the feasibility of a novel type of retroflexion colonoscope, EC-
3490Ti colonoscope, for detection of proximal colon lesions.

METHODS 
In this prospective trial, we recruited patients who underwent colonoscopy for 
screening or surveillance. When the endoscopists could not grasp the whole 
observation of the right-side colon mucosa in the forward view (FV), insertion and 
withdrawal were repeatedly performed in the FV group with the EC38-i10F 
colonoscope while retroflexion was performed in the retroflexed view (RV) group 
with the EC-3490Ti colonoscope. Adenoma detection rate, the total number of 
adenomas per positive participant, the success rate of retroflexion, and endoscope 
withdrawal time were recorded and compared.

RESULTS 
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The total adenoma detection rate (39.3% vs 37.7%, P = 0.646) did not show any 
significant difference between the two groups. However, the polyp detection rate 
(59.6% vs 51.0%, P = 0.002), adenoma detection rate in the right colon (21.6% vs 
14.4%, P = 0.012), and the total number of adenomas per positive participant (2.1 
vs 1.7, P = 0.011) reached statistical significance. Retroflexion was achieved in 
91.7% of our cohort. Compared with the FV group, the withdrawal time was 
significantly prolonged in the RV group (586.1 ± 124.4 s vs 508.8 ± 129.6 s, P < 
0.001). In contrast, the proportion of additional ancillary pressure decreased 
(27.4% vs 45.7%, P < 0.001), and the visual analog scale pain scores did not 
increase (2.7 ± 1.4 vs 2.8 ± 1.4, P = 0.377).

CONCLUSION 
Retroflexion in the proximal colon could be performed successfully and safely 
with the EC-3490Ti colonoscope. This maneuver could detect more adenomas 
effectively.

Key Words: Colorectal adenoma; Retroflexion; Right colon; Adenoma detection rate; 
Cancer

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The current prospective randomized trial assessed the feasibility and efficacy 
of retroflexion colonoscopy in the proximal colon. Unlike previous studies, 
retroflexion was performed when the mucosa could not be exposed completely in the 
forward view due to the folds and flexures, instead of second insertion and withdrawal. 
Retroflexion in the right colon could be performed successfully and safely with the EC-
3490Ti colonoscope and detect more adenomas effectively.

Citation: Li WK, Wang Y, Wang YD, Liu KL, Guo CM, Su H, Liu H, Wu J. Diagnostic value 
of novel retroflexion colonoscopy in the right colon: A randomized controlled trial. World J 
Gastrointest Oncol 2020; 12(11): 1336-1345
URL: https://www.wjgnet.com/1948-5204/full/v12/i11/1336.htm
DOI: https://dx.doi.org/10.4251/wjgo.v12.i11.1336

INTRODUCTION
Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the 
second leading cause of cancer death worldwide[1]. According to the latest data of the 
Chinese National Cancer Center[2], the incidence and mortality of CRC both ranked 
fifth in China. Pathological and genetic evidence[3,4] suggests that > 90% of CRCs 
gradually develop from adenomas, during a period of 7-12 years. Screening and 
endoscopic polypectomy can reduce the mortality rate of CRC remarkably. Therefore, 
colonoscopy is currently considered the gold standard for CRC screening. However, 
interval cancers (ICs) still occur in patients who have undergone colonoscopy 
screening, due to a low detection rate and high miss rate for adenoma[5,6].  
Furthermore, colonoscopy has unsatisfactory protection for the right-side colon 
because of the anatomical and morphological characteristics of proximal colon 
neoplasms compared with those on the left side[7,8]. Corley et al[9] found that with every 
percent increase in adenoma detection rate (ADR), the morbidity of ICs decreased by 
3% within 10 years.

Various potential methods have been applied to improve ADR, especially in the 
proximal colon. Proper colonic cleaning, a high rate of cecal intubation, sufficient 
withdrawal time, and specialized training to recognize subtle polyps are required. 
Moreover, various new instruments have been used by endoscopists, including image-
enhanced endoscopy, full spectrum endoscopy (FUSE), extra-wide-angle-view 
colonoscopy (EWAVE), and third eye retroscopy (TER). However, the evidence 
supporting the efficacy of these measures is not sufficient[10].

Retroflexion during withdrawal of a colonoscope refers to making a J-turn with the 
bending section of the colonoscope, primarily aiming to increase the diagnostic view 

http://www.chictr.org.cn/
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in the rectum[11,12]. Retroflexion could improve the visualization of the back wall of the 
haustral folds and the inner curvatures of the colonic flexures, making it possible to 
detect more lesions in the right colon. Recently, PENTAX MEDICAL (Hoya, Tokyo, 
Japan) developed a novel type of retroflexion colonoscope, EC-3490Ti, with shorter 
bending section, wider retroflexion angle, and smaller retroflexion semidiameter 
(Figure 1), making retroflexion easier.

Therefore, we conducted a prospective randomized trial to assess the feasibility and 
efficiency of this new retroflexion colonoscope in the proximal colon.

MATERIALS AND METHODS
Study design
This was a single-center prospective randomized trial conducted in the Endoscopy 
Center of Beijing Shijitan Hospital, Capital Medical University (Beijing, China). The 
working protocol was approved by the ethics committee of Beijing Shijitan Hospital, 
Capital Medical University, and informed consent was obtained from each participant.

Patients
We enrolled patients aged ≥ 18 years who underwent total colonoscopy for CRC 
screening or surveillance. The exclusion criteria included: (1) Familial adenomatous 
polyposis and hereditary non-polyposis colorectal cancer syndrome; (2) Inflammatory 
bowel disease; (3) Incomplete colonoscopy; (4) Inadequate bowel preparation [Boston 
bowel preparation scale (BBPS) < 6]; (5) Advanced CRC; and (6) Receiving 
anticoagulant medication.

Randomization
The enrolled patients were randomly assigned in a 1:1 ratio to the retroflexed view 
(RV) group or forward view (FV) group. Randomization was carried out using a 
computer-generated random sequence. The allocation was placed in a sealed envelope 
and kept by an independent nurse who was not involved in this study. The 
endoscopists were blinded to the result of randomization until the start of the 
colonoscopy.

Procedure
For bowel cleaning, all patients were advised to take a low-fiber diet for 3 d and were 
given 4 L of polyethylene glycol solution at split doses the day before colonoscopy. 
Endoscopists evaluated the quality of bowel preparation using the criteria of BBPS. 
Colonoscopy was performed without sedation. All procedures were performed by 
four experienced endoscopists, who had performed > 3000 colonoscopies.

The right colon was defined as the colon from the cecum to the splenic flexure, 
including the cecum, ascending colon, hepatic flexure, and transverse colon. In each 
group, a colonoscope was intubated in the cecum routinely. Afterwards, the 
colonoscope was withdrawn to search for adenomas and other lesions. When the 
endoscopists could not grasp the whole observation of the right-side colon mucosa in 
the FV due to haustral folds and hepatic flexures in the proximal colon, insertion and 
withdrawal were repeatedly performed using the EC38-i10F colonoscope in the FV 
group while retroflexion was performed in the RV group with the EC-3490Ti 
colonoscope. Retroflexion was accomplished by using a maneuver similar to that used 
for rectal retroflexion. Successful retroflexion was defined as the insertion tube being 
visible to the endoscopist. After withdrawal to the splenic flexure, the rest of the colon 
was examined in a conventional FV in the two groups. The location and size, 
estimated by open biopsy forceps, were recorded for all detected polyps. The 
visualized lesions were removed by biopsy, endoscopic mucosal resection, or 
endoscopic submucosal dissection and sent for histopathological diagnoses by an 
experienced pathologist.

Outcome measures
The primary outcome parameter of this study was ADR, which was the proportion of 
patients with at least one adenoma detected. The secondary outcome measures 
included ADR for the right colon (R-ADR), polyp detection rate (PDR), total number of 
adenomas per positive participant (APP), total number of adenomas per colonoscopy 
(APC), success rate of retroflexion, withdrawal duration, and degree of pain assessed 
with the visual analog scale (VAS).
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Figure 1  Compared with the EC38-i10F colonoscope, the EC-3490Ti colonoscope has shorter bending section, wider retroflexion angle, 
and smaller retroflexion semidiameter, making retroflexion easier.

Sample size
According to the data of our center, the ADR of EC38-i10F endoscopy was 31.6% in 
2018. Based on the results of previous studies, we hypothesized that ADR could be 
increased by 10% with retroflexion examination of the right colon, compared with 
forward withdrawal alone. Power analysis indicated that a minimum of 361 
participants were required in each group, assuming a 0.05 significance level and 0.8 
power using two-sided equivalence to test each hypothesis.

Statistical analysis
IBM SPSS 23.0 (Armonk, NY, United States) was used for all statistical analyses. 
Continuous variables were compared using Student’s t test if normally distributed and 
the Mann–Whitney test if not normally distributed. Pearson’s c2 test or Fisher’s exact 
test was used to analyze categorical data and compare proportions. Univariate 
analysis and logistic regression analysis were carried out to evaluate predictors 
associated with unsuccessful retroflexion in the proximal colon. P < 0.05 was 
considered statistically significant. The statistical methods of this study were reviewed 
by Qing-Kun Song from Beijing Shijitan Hospital, Capital Medical University.

RESULTS
During the 6-mo period, 763 patients consented to participate in the study. Forty-one 
participants were excluded as a consequence of incomplete colonoscopy (n = 19), poor 
bowel preparation (n = 17), ulcerative colitis (n = 1), or advanced cancer (n = 4). 
Finally, 361 patients were enrolled into each arm (Figure 2). Baseline demographic 
characteristics are listed in Table 1. The median age was 55 years in the RV group and 
FV group. There were no significant differences between the two groups with respect 
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Table 1 Patients’ baseline characteristics

RV (n = 361) FV (n = 361) P value

Age (yr) 55 (50-65) 55 (45-63) 0.052

Sex, n (%) 

Male 183 (50.7) 168 (46.5)

Female 178 (49.3) 193 (53.5)

0.264

BMI (kg/m2) 24.38 (22.31-25.95) 24.22 (20.76-26.99) 0.055

Indication for colonoscopy, n (%) 

Screening (no history of colon polyps) 287 (79.5) 304 (84.2)

Surveillance (past history of colon polyps) 74 (20.5) 57 (15.8)

0.101

Current smokers, n (%) 92 (25.5) 90 (25.5) 0.864

Family history of colorectal cancer, n (%) 111 (30.7) 104 (28.8) 0.569

BBPS 7 (7-8) 7 (7-8) 0.195

RV: Retroflexion view; FV: Forward view; BMI: Body mass index; BBPS: Boston bowel preparation scale.

Figure 2  Flow diagram of participant enrollment and distribution into allocated groups.

to age, sex, body mass index (BMI), indication for colonoscopy, smoking history, 
family history of CRC, and bowel preparation (Table 1). No immediate or delayed 
complications occurred.

The total number of polyps detected in the RV group was 497, including an 
additional 75 found by retroflexion. Histopathological analysis confirmed 297 
adenomas, including 63 assigned to retroflexed vision. A total of 417 polyps and 235 
adenomas were identified in the FV group. In the RV group, 142 (39.3%) patients had 
at least one lesion compared with 136 (37.7%) in the FV group. ADR, the primary 
outcome measure, showed no significant differences between the two groups (P = 
0.646). Among the secondary outcome parameters, there was also no significant 
difference in APC (0.8 vs 0.7, P = 0.280) between the RV and FV groups. However, the 
PDR (59.6% vs 51.0%, P = 0.002), R-ADR (21.6% vs 14.4%, P = 0.012), and APP (2.1 vs 
1.7, P = 0.011) reached statistical significance between the two groups. Tables 2 and 3 
show the details for the size and the location of lesions detected, respectively. Several 
pictures of detected lesions are shown in Figure 3.

To evaluate the applicability of the novel retroflexion colonoscopy, we calculated 
several related indicators. The colonoscope was inserted into the cecum in 351 (97.2%) 
of 361 cases. The scores of abdominal pain did not show a significant difference 
between the two groups during colonoscopy (RV 2.7 ± 1.4 vs FV 2.8 ± 1.4, P = 0.377). 
The duration of withdrawal in the RV group was significant longer than that of the FV 
group (586.1 ± 124.4 vs 508.8 ± 129.6 s, P < 0.001). Compared with conventional 
colonoscopy, the new approach required less ancillary pressure (27.4% vs 45.7%, P < 
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Table 2 Size of identified lesions

Polyps Adenomas

RV FV RV FV

≤ 5 mm 295 314 126 133

6-10 mm 143 81 113 80

> 10 mm 59 22 58 22

RV: Retroflexion view; FV: Forward view.

Table 3 Location of identified lesions

Polyps Adenomas

RV FV RV FV

Right colon 244 141 145 90

Left colon 186 181 125 105

Rectum 67 95 27 40

RV: Retroflexion view; FV: Forward view.

Figure 3 Detected lesions. A and B: The colonoscopy was successfully retroflexed in the ascending colon and the hepatic flexure, respectively; C and D: The 
same polyp hidden in the proximal side of the haustral folds in the distant view and the tight view, respectively; E and F: A flat lesion located on the haustral folds with 
white-light mode and i-SCAN mode, respectively.

0.001).
Retroflexion in the right-side colon was achieved in 331 (91.7%) of 361 patients. On 

univariate analysis, age, sex, abdominal surgery, and excessive looping were 
significantly associated with failure to retroflex. Body height, weight, BMI, bowel 
cleanliness, and smoking history were not related to the failure. Logistic regression 
analysis showed that age > 60 years, female sex, previous abdominal surgery, and 
instrumental looping were powerful predictors (Table 4).
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Table 4 Logistic regression analysis of predictors of failure to perform right-sided retroflexion

Odds ratio (95%CI) P value

Age > 65 yr 5.26 (2.17-12.8) < 0.001

Female sex 2.92 (1.17-7.31) 0.022

Previous abdominal surgery 5.83 (2.26-15.04) < 0.001

Instrumental looping 3.49 (1.33-9.12) 0.011

CI: Confidence interval.

DISCUSSION
Colorectal adenomas are considered to be a precancerous state of CRC. Benefiting 
from colonoscopy screening and polypectomy among adults aged ≥ 50 years, the 
morbidity of CRC declined by 2%-3% annually in Western developed countries[13]. 
However, about 20% of adenomas were missed during colonoscopy, which weakened 
the protective effect on CRC, especially in the proximal colon[6,14].

Various colonoscopy techniques were attempted in several studies to improve 
adenoma detection. Compared with white-light imaging, narrow-band imaging could 
improve ADR and PDR significantly[15]. Nulsen et al[16] conducted a retrospective study, 
including 3998 participants, suggesting that overall ADR, ADR for the proximal colon, 
and ADR for advanced adenomas could be improved significantly after adopting 
FUSE. A multicenter randomized controlled trial conducted by Ikematsu et al[17] 
showed that blue-laser imaging significantly increased the mean number of adenomas 
per patient, rather than ADR.

Retroflexed inspection in the right-side colon has been proposed as a 
complementary maneuver following the routine forward withdrawal, which could 
potentially improve diagnostic visibility. However, the results of previous work have 
revealed controversial evidence for this maneuver. A prospective multicenter cohort 
study, conducted by Chandran et al[18] in 2014, showed that retroflexion following 
forward examination improved the ADR from 24.64% to 26.4%. There was 
no significant difference in ADR when the proximal colon was re-examined in the FV 
vs RV (46% vs 47%), as revealed in a high-quality randomized controlled trial[19] . A 
systematic review and meta-analysis[20], including eight studies (with a total of 3660 
cases), suggested that second examination of the proximal colon in retroflexion 
detected an additional 16.9% of right-sided adenomas that would have been missed by 
traditional colonoscopy. Recently, a multicenter randomized controlled trial suggested 
that a second examination of the right colon after standard withdrawal was associated 
with improvement of ADR, but by which method did not matter [RV (9%) or FV 
(12%)][21].

Our study aimed to evaluate the utility of the EC-3490Ti colonoscope in the 
retroflexion of the proximal colon. According to previous studies, compared with FV, 
retroflexion could not improve the ADR obviously in the second withdrawal, which is 
not feasible in clinical practice. Concerning this weakness, we did not perform a 
second withdrawal operation. Unlike previous studies, retroflexion was performed 
when the mucosa could not be exposed completely in the FV due to the folds and 
flexures of the colon, instead of the second insertion and withdrawal.

In the present study, the calculated ADR in the RV group was slightly higher than 
that in the control group (39.3% vs 37.3%, P = 0.646). These results are in line with the 
previous study[19].  Proximal colon retroflexion failed to yield a higher ADR compared 
with that in the FV. We propose several explanations for this. First, visualization of the 
whole colon mucosa could not be achieved by retroflexion, as there were also some 
blind spots on the colon wall hidden by the insertion tube itself. During the 
examination, endoscopists attempted to compensate for this by rotating the insertion 
tube, but the results were still unsatisfactory. Second, adenomas located in the 
proximal colon were flatter or more depressed than those in the distal colon, which 
made it difficult to distinguish them from the normal mucosa. Third, it could be 
speculated that adenomas located in hidden positions on the proximal sides of folds 
and flexures of the colon were not the dominant mechanism resulting in unsuccessful 
detection during colonoscopy[22]. However, no other plausible mechanism has been put 
forward until now. Lastly, the ADR may not be comprehensive for the evaluation of 
colonoscopy detection, although it is targeted as one of the most critical indicators of 
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colonoscopy quality control[9]. In our study, additional 65 adenomas in 65/361 (18.0%) 
patients were identified. Still, the total ADR was only improved from 38.8% to 39.3% 
with additional retroflexion, excluding the cases with at least one adenoma detected 
on the initial forward withdrawal or detected in the distal colon. In this regard, the 
number of adenomas detected, as crucial as the ADR, should be used as an indicator to 
assess the endoscopic operation. Hence, we added other indicators to evaluate the 
detection efficiency of the novel endoscopy, such as APP, APC, R-ADR, and PDR. 
PDR, R-ADR, and APP were significantly increased with retroflexion during 
withdrawal in the proximal colon, compared with the FV. Based on these results, 
retroflexion in the right colon during withdrawal could facilitate detecting more 
adenomas and polyps.

In the present study, retroflexion in the right-side colon was successfully performed 
in approximately 92% of our cohort, which was identical to prior studies[18-20]. The 
significant predictors of failed retroflexion were advanced age, female sex, previous 
abdominal surgery, and instrumental looping. The observation time of RV was 
approximately 1 min longer than that of FV. We believe that this operation is new for 
our endoscopists, and retroflexion should be performed gently, which should take 
several seconds. Compared with conventional colonoscopy, the novel endoscopy 
requires less ancillary pressure during insertion, which may be associated with its 
flexible manipulation due to the shorter bending section and wider retroflexion angle. 
Besides, the new endoscopy did not increase the abdominal pain in patients, and the 
cecum arrival rate reached 95% as recommended in the guidelines. No major RV-
related adverse event was noted in our study. Additionally, retroflexion could also 
provide valuable information to assess and remove lesions that are difficult to access 
in the prograde view[23,24]. The experience of our team suggests that retroflexion in the 
proximal colon is a safe and useful maneuver, as a complement to forward inspection. 
However, one serious adverse event of perforation was reported in the meta-analysis 
mentioned earlier[20]. We recommend that the procedure be stopped if any resistance is 
felt while turning the bending section.

There were several limitations in our study. First, the operators were experienced 
endoscopists, and the learning curve for the maneuver was unclear. Second, this trial 
did not adopt a double-blind design. Although the results could not reject bias 
altogether, we consider that there may have been some bias because it was impossible 
for our colleagues to overlook lesions in the FV group deliberately. Finally, this study 
was conducted in our center alone, thus large-scale multicenter trials are needed to 
explore the utility of retroflexion in the right-side colon.

CONCLUSION
Retroflexion in the proximal colon can be performed successfully and safely with the 
EC-3490Ti colonoscope. This maneuver could increase the number of adenomas 
detected and improve ADR. As a result, we suggest that retroflexion should be 
adopted as a complementary maneuver during screening or surveillance colonoscopy 
in the right colon.

ARTICLE HIGHLIGHTS
Research background
Colonoscopy is the most effective method in the screening and prevention of colorectal 
cancer (CRC), and it could reduce the mortality from CRC. However, colonoscopy is 
less effective in preventing CRC in the right-side compared with the left-side colon.

Research motivation
Failure to detect more preneoplastic lesions is regarded as one of the mechanisms in 
the development of interval CRC. Retroflexion in the proximal colon allows for better 
visualization of the folds and the hepatic flexure, which may increase adenoma 
detection rate (ADR).

Research objectives
The current study aimed to investigate the effectiveness and safety of the EC-3490Ti 
colonoscope in detecting adenomas in the proximal colon.
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Research methods
We enrolled patients who underwent colonoscopy for screening or surveillance for 
CRC. When the endoscopists could not grasp the whole observation of the colon 
mucosa in the forward view, retroflexion was performed in the retroflexion view 
group with the EC-3490Ti colonoscope, while insertion and withdrawal were 
repeatedly conducted with the EC38-i10F colonoscope. ADR, total number of 
adenomas per positive participant (APP), success rate of retroflexion, and withdrawal 
time were compared.

Research results
The success rate of proximal retroflexion was 91.7%. There were no complications with 
the maneuver. Polyp detection rate, ADR for the right colon, and APP were 
significantly increased with retroflexion during withdrawal in the proximal colon, 
compared with the forward view group.

Research conclusions
Proximal retroflexion with the EC-3490Ti colonoscope in the right colon could be 
accomplished safely and effectively. Retroflexion in the proximal colon significantly 
increases the detection of adenomas compared with conventional colonoscopy.

Research perspectives
Retroflexion should be adopted as a complementary procedure in the future for the 
improvement of CRC prevention.
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