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Abstract
BACKGROUND
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK37]Red dichromatic imaging (RDI) is a novel image-enhanced endoscopy expected to improve the visibility of the bleeding point. However, it has not been thoroughly investigated.

CASE SUMMARY
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]A 91-year-old man developed a sudden massive hematochezia and underwent emergent colonoscopy. An ulcer with pulsatile bleeding was found on the lower rectum. Due to massive bleeding, the exact location of the bleeding point was not easy to detect with white light imaging (WLI). Upon switching to RDI, the bleeding point appeared in deeper yellow compared to the surrounding blood. Thus, RDI enabled us for easier recognition of the bleeding point, and hemostasis was achieved successfully. Furthermore, we reviewed endoscopic images and evaluated the color difference between the bleeding point and surrounding blood for WLI and RDI. In our case, the color difference of RDI was greater than that of WLI (9. 75 vs 6. 61), and RDI showed a better distinguished bleeding point from the surrounding blood.

CONCLUSION
[bookmark: OLE_LINK40]RDI may improve visualization of the bleeding point by providing better contrast in color difference relative to surrounding blood.
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Core Tip: Red dichromatic imaging (RDI) is a novel image-enhanced endoscopy presumed to improve the visibility of the bleeding point but has not yet been fully explored. We present a case in which RDI effectively identified the bleeding point in an acute hemorrhagic rectal ulcer lesion with an analysis of color difference compared to white light imaging. RDI may enable easier recognition of the bleeding point by enhancing the color contrast of the bleeding point relative to the surrounding blood.

INTRODUCTION
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK41]Endoscopic hemostasis of acute gastrointestinal bleeding is sometimes a challenging task, especially when pulsatile bleeding from the artery impedes clear visibility of the bleeding point. Red dichromatic imaging (RDI) is a new endoscopic technology using three types of wavelength (540 nm, 600 nm and 630 nm) lights[1]. It is integrated as a new function in the latest endoscopic system (EVIS X1, Olympus Co., Tokyo, Japan) from April 2020. An endoscopist can quickly switch from white light imaging (WLI) to RDI, a modality that visualizes blood in yellow, during an endoscopic intervention. Recently, RDI has been found to be effective in the identification of bleeding point in endoscopic hemostasis during endoscopic submucosal dissection or hemorrhage from upper gastrointestinal ulcer[2-5]. In this report, we describe an impressive case in which RDI effectively identified the bleeding point in an acute hemorrhagic rectal ulcer lesion via analysis of the color difference between the bleeding point and surrounding blood.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK42]A 91-year-old man hospitalized with pneumonia was referred to our department due to sudden massive fresh hematochezia on the 13th day of hospitalization.

History of present illness
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]At admission, a right femoral neck fracture was also found and required bed-rest as a nonoperative treatment.

History of past illness
He had a history of pneumonia and hypertension.

Personal and family history
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]He had smoked 2 packs-per-day of cigarettes for over 30 years but quit 40 years ago and was a social drinker. His family history was unremarkable.

Physical examination
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]He presented signs of hypovolemic shock with low blood pressure (BP of 79/38 mmHg) and tachycardia (101 bpm). The vital signs were stabilized after a rapid infusion of 1000 mL of lactated Ringer’s solution. His abdominal examination was normal with no tenderness.

Laboratory examinations
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]His hemoglobin level dropped from 11.5 to 7.2 g/dL.

Imaging examinations
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK43]Contrast computed tomography revealed extravasation in the lower rectum (Figure 1). After computed tomography, we promptly performed an emergent colonoscopy using a prototype endoscope (GIF-Y0058; Olympus Co., Tokyo, Japan) instrumented with RDI mode, and an ulcer accompanied with a pulsatile bleeding was found on the lower rectum.

FINAL DIAGNOSIS
The patient was diagnosed with acute hemorrhagic rectal ulcer, likely caused due to being bed-rest status and constipated.

TREATMENT
[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK44][bookmark: OLE_LINK45]Followed by endoscopic observation, we went on to achieve hemostasis. However, massive bleeding with pooled blood hindered observation of the bleeding point with WLI (Figure 2A). Thereby, we switched to RDI, and the bleeding point was clearly identified as it was displayed in deeper yellow compared to the surrounding blood (Figure 2B). The bleeding vessel was coagulated with hemostatic forceps (Coagrasper; Olympus Co., Tokyo, Japan) in soft coagulation current (effect 5, 50 W) using an electrosurgical system (VIO300D; ERBE, Tübingen, Germany), and hemostasis was obtained successfully (Figure 2C).

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]After the achievement of endoscopic hemostasis, his anemia improved after receiving 4 units of packed red blood cells. No further bleeding was noted for a month until the patient was discharged to another hospital for rehabilitation.

DISCUSSION
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]When attempting endoscopic hemostasis for active bleeding with acute hemorrhagic rectal ulcer using WLI, we often encounter with pooled blood hindering the detection of bleeding points in a similar shade of red. The patient may even need to be repositioned to facilitate the detection of the bleeding point when the bleeding point is located at the gravity side. RDI may overcome this problem as it can enhance the bleeding point in the presence of pooled blood and eventually facilitate the endoscopic hemostasis. The key mechanism of RDI that enables clear visualization of the bleeding point in the presence of pooled blood is the difference in blood concentration and/or blood volume. The narrow-band light of 600 nm wavelength highlights the difference in blood concentration and/or its volume because of the light absorption features of the hemoglobin. The center and circumference of the bleeding point appears in clear contrast because they contain different amounts of hemoglobin and accordingly absorb and reflect differential levels of 600 nm light[6,7]. This means that more light is reflected from the center and less from the circumference. We speculated that this mechanism produces a larger color difference between the bleeding point and surrounding blood, resulting in easier detection of the bleeding point.
Therefore, we investigated the visibility of the bleeding point by evaluating the color difference between the bleeding point and surrounding blood for WLI and the corresponding RDI images in still pictures of this case. The color difference was evaluated by comparing the color values of regions of interest (ROI) for the bleeding point and surrounding blood using Adobe Photoshop Elements 2020 (Adobe Systems Inc., CA, San Jose, United States). The details for the setting of ROI are shown in Figure 3A. The color values were defined as the median color values in each ROI (24 × 24 pixels) according to the Commission Internationaled’Eclairage L1a1b1 (L1 = black to white; 0 to + 100, a1 = green to red; -128 to + 127, b1 = blue to yellow; -128 to + 127) color space[8]. The color difference was calculated by the following equation: ΔE = √ (ΔL)2 + (Δa)2 + (Δb)2. In the present case, the color difference with WLI and RDI was 6.61 and 9.75, respectively (Figure 3B). Thus, RDI differentiated the bleeding point from surrounding blood better than WLI based on color difference.
This report is the first of its kind to use the color difference as an objective indicator for the investigation of the visibility of bleeding point with RDI. Subsequent to this research, we are now conducting a larger study by comparing the visibility of the bleeding point including the evaluation of the color difference between WLI and RDI for acute gastrointestinal bleeding.

CONCLUSION
Our case of acute hemorrhagic rectal ulcer demonstrated the usefulness of red dichromatic imaging for achieving endoscopic hemostasis by improving the detection of the bleeding point. Red dichromatic imaging may be useful for recognition of the bleeding point by offering good contrast in color difference relative to surrounding blood.
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Figure Legends
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[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Figure 1 Computed tomography scan images of the pelvis. A: Plain; B: Arterial phase; and C: Delayed phase; Contrast extravasation is observed in the lower rectum on the arterial phase with further pooling of contrast on the delayed phase (orange arrow).


[image: ]Figure 2 Endoscopic images of emergent colonoscopy. A: Massive pulsatile bleeding from the ulcer on the lower rectum hindered the detection of the bleeding point with white light imaging; B: After switching to red dichromatic imaging, the bleeding point was observed as deep yellow (orange arrow) compared to surrounding blood, and that allowed us to recognize it precisely; and C: The bleeding vessel was coagulated, and hemostasis was achieved successfully with red dichromatic imaging.
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Figure 3 Color values and color differences between bleeding point and surrounding blood. A: The regions of interests (ROIs) were located in the bleeding point and at two selected points in surrounding blood (one was just next to outside of the bleeding point and the other was just inside the surrounding blood), avoiding areas with halation. Each ROI was set approximately in the same region for white light imaging and red dichromatic imaging. The white and blue circles indicate the ROI of the bleeding point (white arrow) and surrounding blood, respectively. The color values were defined as the median color value in each ROI; and B: The ΔE based on color value change between the ROI of the bleeding point and surrounding blood. WLI: White light imaging; RDI: Red dichromatic imaging; ΔE: Color difference.
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