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Red dichromatic imaging in peroral endoscopic myotomy:
a novel image-enhancing technique
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A 40-year-old man presented with a 1-year history of dif-
ficulty in swallowing liquids and solids. His Eckhart’s score
was 6 of 12. EGD showed dilated esophagus with liquid sta-
sis and mild resistance noted across the gastroesophageal
junction. Esophageal manometry showed elevated inte-
grated relaxation pressure with panesophageal pressuriza-
tion (achalasia cardia type II). Peroral endoscopic
myotomy (POEM) was planned and was performed using
the novel Evis X1 endoscopy (Olympus Corporation, To-
kyo, Japan) system. The red dichromatic imaging (RDI)
mode in this system is designed to enhance the visibility
of deep blood vessels and bleeding sources. This article de-
scribes the utility of RDI in the identification of deep blood
vessels and bleeding vessels during third-space endoscopy
(Fig. 1).

RDI mode 1 and mode 2 were used during POEM. Mucosal
incision and entry into the submucosal tunnel are crucial steps
in POEM. To achieve a clean mucosal incision, it is desirable to
avoid deep blood vessels during the cut. Mode 2 was used to
identify the deep blood vessels after local injection of saline
solution with indigo carmine. A mucosal incision was made
avoiding areas with deeper blood vessels using dry cut
mode at 50 W on effect 3 (Erbe Elektromedizin GmbH, Tue-
bingen, Germany) (Fig. 2).

During tunneling, submucosal dissection was done us-
ing spray coagulation mode. There was an inadvertent

injury to the blood vessel, leading to bleeding. White-
light imaging showed pooling of blood without clear delin-
eation of the bleeding point. Because of the differential ab-
sorption of amber light, the bleeding point was better
identified with RDI. Bleeding was controlled with the use
of hemostatic coagrasper forceps. Myotomy was selectively
performed over inner circular muscles avoiding longitudi-
nal muscle fibers.

There was blood spurting during myotomy because of
vascular injury. Visualization was better with RDI (Fig. 3)
than with white-light imaging (Fig. 4). Identification of the
bleeding point is difficult with an oozing type of bleed
under white-light imaging (Fig. 5). The bleeding point
appears a deeper yellow (Fig. 6) than the surrounding area
under RDI because amber light absorption is greater at the
bleeding point, which has a higher hemoglobin
concentration than the surrounding area where blood has
been diluted. Complete hemostasis was achieved with
coagrasper forceps. The mucosal incision was closed using
hemoclips. The postprocedure period was uneventful.

DISCUSSION

RDI is a next-generation image enhancement technique
that works by using green, amber, and red wavelengths. In

Figure 1. Red dichromatic imaging (B) clearly showing vessels in deep mucosa or submucosa compared with white-light imaging (A).
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Figure 2. Clear bloodless mucosal incision under red dichromatic imag-
ing mode 2.

Figure 3. Red dichromatic imaging mode 1 showing blood spurting (ar-
row) during myotomy.

the past, it was known as dual-red imaging (DRI). Green
light (520-550 nm) can reveal small blood vessels in super-
ficial tissue without extending deep into the mucosa.
Amber (595-610 nm) and red light (620-640 nm) can pene-
trate deeply into the tissue because of the low scattering
property. The blood vessels in the deeper tissues absorb
amber light because of a strong affinity to hemoglobin.
Although red light can penetrate deeply into the tissue, it

Figure 4. White-light imaging showing blood spurting (arrow) during
myotomy.

Figure 5. White-light imaging showing oozing of blood without clear
delineation of bleeding point.

is weakly absorbed by hemoglobin. Hence, the reflected
light contains red light and amber light without
attenuation.

The RDI view can be enabled by mere pressing of a but-
ton on the processor. RDI contains 3 modes: mode 1,
mode 2, and mode 3. As we go from mode 1 to mode 3,
there is an increase in deep vessel enhancement level.
Mode 1 is useful in the observation of bleeding areas: It
confirms the bleeding point intraprocedurally in POEM
and endoscopic submucosal dissection (ESD). Mode 2 is
different in that it enhances deep blood vessels more
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Figure 6. Bleeding point (arrow) darker compared with surrounding
area under red dichromatic imaging mode 1.

clearly than mode 1. Mode 2 is useful in the detection of
deep blood vessels during early local injection in POEM
or ESD. It also predicts the depth of esophageal varices
and red color signs. Mode 3 enhances both superficial
and deep vessels. Deep blood vessels appear green, and
shallow blood vessels appear red. Mode 3 is useful in the
observation of mucosal tissue beyond the residue in colo-
rectal screening and is helpful in the diagnosis of inflamma-
tory activity in ulcerative colitis.

RDI enhances the visibility of deep blood vessels and
bleeding sources. Hence, it leads to early identification of
bleeding sources and quicker hemostasis. It also reduces
the stress experienced by the endoscopist performing
the procedure. RDI enhances the contrast between diluted
blood and highly concentrated blood, thereby clearly
revealing the bleeding source.

Yahagi et al' showed that DRI specifically enhances
thick blood vessels located at 1000 to 1500 pm. The
thick blood vessels in the deep mucosa or submucosa
were more visible with DRI compared with white-light im-
aging. Furuichi et al” reported that RDI increases the
visibility of esophageal varices and red color signs and
also predicts the depth of esophageal varices by
changing degrees of visibility. Kubosawa et al’ reported
that in the presence of active bleed from a gastric ulcer,
the bleeding point was better visualized with DRI and led
to prompt hemostasis. DRI is useful in the presence of a
spurting hemorrhage from a duodenal ulcer; bleeding
point is noted as deep yellow, leading to clear
identification of the bleeding point.” A retrospective
study by Yorita et al’ showed that DRI improved the

visibility of blood vessels and bleeding points, especially
in the presence of oozing blood and pooling of blood
during gastric ESD. Machata et al® studied the usefulness
of DRI in visualizing bleeding points and hemostasis time
during ESD. Bleeding points were clearly visualized with
DRI, thus facilitating hemostasis. The average hemostasis
time was significantly shorter in the DRI group compared
with the white-light imaging group.

POEM is a novel endoscopic technique for the treat-
ment of achalasia and other esophageal motility disorders.
It was introduced by Inoue et al in 2008.” Thereafter, it was
rapidly disseminated because of its low invasiveness,
higher efficacy, and technical novelty. The steps of
performing POEM include mucosal incision, submucosal
tunnel creation, myotomy, and closure of the incision.
Mucosotomy (2.8%) is the most common adverse event
in patients undergoing POEM.” It can result from
excessive use of cautery because bleeding points could
not be seen clearly with white light during active ooze.
RDI will help in early recognition of bleeding points and
thus prompt hemostasis. Bleeding during POEM is not
very uncommon (0.5%-0.7%).” Early recognition of
bleeding points and quicker hemostasis help in
decreasing adverse events. To our knowledge, the utility
of RDI in the peroral endoscopic myotomy has not been
studied so far. Hence, in this video (Video 1, available
online at www.VideoGIE.org), we provide insight into its
usefulness during POEM.

CONCLUSION

RDI enhances the visibility of deep blood vessels and
bleeding sources. It leads to early identification of bleeding
points and quicker hemostasis. It also reduces the stress
experienced by the endoscopist performing POEM. How-
ever, prospective studies looking into the utility of RDI
in POEM are required.
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