Surgery Open Science 19 (2024) 87-94

Contents lists available at ScienceDirect SURGERY

OPEN SCIENCE

Surgery Open Science

ELSEVIER journal homepage: www.journals.elsevier.com/surgery-open-science =

Review Article ' :.)
Evaluation of gastric tube blood flow by multispectral camera and

fluorescence angiography

Yasuhiro Haruta®, Yuichiro Nakashima ", Tetsuo Ikeda ", Eiji Oki®, Tomoharu Yoshizumi®

2 Department of Surgery and Science, Graduate School of Medical Sciences, Kyushu University, 812-8582, 3-1-1 Maidashi, Higashi-ku, Fukuoka, Fukuoka, Japan
b National Hospital Organization, Kyushu Medical Center, 810-8563, 1-8-1 Tigyouhama, Tyuou-ku, Fukuoka, Fukuoka, Japan
¢ Center of Endoscopy and Endoscopic Surgery, Medical and Dental Hospital, Fukuoka Dental College, 814-0193, 2-15-1 Tamura, Sawara-ku, Fukuoka, Fukuoka, Japan

HIGHLIGHTS

e Multispectral camera showed a decrease in oxygen saturation at the anastomotic site.
e Multispectral camera revealed an increase in Hb levels at the anastomotic site.
e The multispectral camera assessed gastric tube blood flow more accurately.

ARTICLE INFO ABSTRACT

Keywords: Background: Evidence regarding the application of the multispectral camera for blood flow measurement is
M“mSPeCtr_al camera insufficient, and its performance has not been compared with the conventional indocyanine green (ICG) method.
Anastomotic leakage Therefore, we retrospectively compared the effectiveness of a new multispectral camera for non-invasive, real-

Venous blood flow time, quantitative imaging of tissue oxygen (O3) saturation and hemoglobin (Hb) levels and commercially

available ICG fluorescence imaging in hemodynamic assessment of gastric tubes in esophagectomy.

Methods: Thirty patients who underwent thoracoscopic esophagectomy and gastric tube reconstruction for
esophageal cancer were included in this study. The multispectral camera was used to measure tissue Oy satu-
ration and Hb levels. The ICG fluorescence imaging, with the analysis software tool Lumi view, was employed to
record ICG luminance changes, with values measured at the anastomotic site. Furthermore, the usefulness of each
assessment device was examined using the arterial and venous blood flow indices as cutoff lines for cases with
anastomotic failure.

Results: In the evaluation of arterial perfusion, anastomotic leak occurred in three of the five (60 %) patients with
arterial insufficiency as assessed by the ICG imaging, while anastomotic leakage occurred in all three patients
(100 %) who were assessed as having arterial insufficiency by the multispectral camera. In the evaluation of
venous perfusion, anastomotic leakage occurred in three of the nine (33.3 %) patients diagnosed with venous
stasis by the IC imaging and in three of the five (60 %) patients assessed by the multispectral camera.
Conclusion: The multispectral camera assessed gastric tube blood flow more accurately than the ICG fluorescence

method.
Introduction Perioperative complications, including anastomotic leakage, adversely
affect hospital stay, patient quality of life, and long-term postoperative
Among 5354 patients who underwent esophagectomy for esophageal prognosis [2-6]. Various surgical and patient-related factors have been
cancer registered in the Japanese national database in 2014, 711 (13.3 reported to cause anastomotic leakage, such as insufficient blood flow to
%) were reported to have experienced anastomotic leakage [1]. the reconstructed organs, tension on the anastomosis, suture techniques,
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surgical site infections, and nutritional status of the patients [7-10].
Among these factors, insufficient blood flow to the reconstructed organs
is considered a major risk factor for anastomotic leakage. Studies have
reported the usefulness of the indocyanine green (ICG) fluorescence
imaging method for evaluating blood flow in reconstructed organs, and
it is widely used in clinical practice [11-19]. However, the ICG fluo-
rescence imaging method does not accurately reflect tissue oxygen
metabolism because ICG binds to serum protein in the blood and eval-
uates blood flow. Additionally, repeated measurements cannot be taken
immediately with this method because of the metabolism rate of ICG.
ICG also migrates into the bile duct, lymphatic system, digestive tract,
and urinary tract; repeated measurements will increase the chance of
error due to this dispersion. Previously, we focused on a technique for
measuring tissue oxygen saturation using near-infrared light to establish
a less invasive and more accurate organ blood flow assessment. We
developed a special multispectral camera that quantifies oxygen satu-
ration and hemoglobin (Hb) levels in tissues [20]. This camera measures
tissue oxygen saturation using the ratio of oxyhemoglobin to deoxy-
hemoglobin, and Hb levels are measured as the sum of oxyhemoglobin
and deoxyhemoglobin. The camera does not require ICG administration;
however, it enables repeated quantitative evaluation. It can evaluate
venous congestion by quantifying the accumulation of Hb levels in tis-
sues. However, evidence regarding the usage of the multispectral cam-
era is insufficient, and its performance has not been compared with the
conventional ICG fluorescence imaging method of blood flow mea-
surement. Therefore, this study aimed to verify the efficacy of the
multispectral camera compared to a standard-of-care by evaluating
blood flow in the gastric tube using the multispectral camera and ICG
fluorescence imaging method in the same patient and comparing the
results.

Material and methods
Patients

Thirty patients who underwent esophagectomy at the Kyushu Uni-
versity Hospital between April 1, 2016, and September 30, 2017, were
included in this study. This study was conducted in accordance with the
Code of Ethics of the World Medical Association (Declaration of Hel-
sinki) for experiments involving humans, and its protocol was approved
by the Kyushu University Certified Institutional Review Board for
Clinical Trials (approval number: 30-211). Informed consent was ob-
tained from the study participants.

Table 1 presents the clinical characteristics of the study patients. The
mean age of the 30 patients who underwent esophagectomy was 66.7
(56-86) years. In this study, hypertension, diabetes mellitus, and

Table 1

Clinical features.
Characteristic
Age, years
Mean (range) 66.7 (56-86)
Sex, n
Males/females 24/6
Disease, n (%)
Esophageal cancer 29 (96.7)
other 1(3.3)
Clinical stage
O-II/11L, IV 18/11
Pre-operative therapy
Yes/no 20/10
Lifestyle disease
Yes/no 11/19
Vascular disease
Yes/no 4/26
Anastomotic leakage
Yes/no 3/27
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hyperlipidemia were considered lifestyle-related diseases (i.e., diseases
that are closely related to and/or stemming from lifestyle habits, such as
diet, exercise, rest, smoking, and drinking). In total, 11 (36.7 %) and 4
(13.3 %) patients had lifestyle diseases and arteriosclerosis lesions,
respectively. Neoadjuvant chemotherapy or chemoradiotherapy was
performed in 20 (66.7 %) patients.

Operative procedure

The esophagectomy surgeries were performed using the McKeown
technique. Gastric mobilization and tubularization were performed
using a laparoscopic technique. After subtotal esophagectomy, a long
and narrow gastric tube was created to preserve the right gastroepiploic
artery with a diameter of 3.5 cm. Next, the gastric tube was raised to the
surface in front of the sternum, and an image was captured with a
multispectral camera 70 cm above the body surface. Quantitative im-
aging of oxygen saturation and Hb levels was performed using the
multispectral camera. ICG fluorescence angiography was conducted,
and the planned anastomosis site was determined with reference to the
brightness of the gastric tube. Subsequently, the gastric tube was
brought up through the retrosternal (n = 21) or mediastinal (n = 9)
route. We anastomosed the esophagus and gastric tube by everted
triangular anastomosis using stapling devices or hand-sewn end-to-end
anastomosis.

Multispectral camera

The principles and developmental history of the multispectral cam-
era used in this study were published in Surgery and Operating Room
Innovation in 2021 [21]. Details of the method for determining gastric
tube blood flow were described in a previously published paper by
Tsutsumi et al. [21] Briefly, a halogen light emitting near-infrared light
was used to irradiate the gastric tube, and the reflected light with
wavelengths between 671 nm and 830 nm was measured. Tissue oxygen
saturation was evaluated using the ratio of the two reflected lights, and
the Hb level was evaluated by the sum of the two reflected lights. As
shown in Fig. 1, point C was determined to be the area where the final
branch of the right gastroepiploic artery flows into the gastric tube, and
the planned anastomosis site was determined to be point A [20]. The
oxygen saturation and Hb level at point C were specified as 100 %, and
point A data were expressed as a ratio with respect to point C.

Indocyanine green fluorescence angiography (Hyper Eye Medical System,
Mizuho Corporation)

After creating the gastric tube, 0.1 mg/kg of ICG was injected
intravenously. Blood flow in the gastric tube was evaluated based on the
change in brightness at two points (points C and A, which are the final
branch of the right gastroepiploic artery and the planned anastomosis
site, respectively). The change in brightness was recorded as a graph in
the video image (Fig. 1a). ICG fluorescence angiography was assessed
based on a previous study [18]. Briefly, T-in was the time from an in-
crease in luminance to a maximum at point A, and T-out was the time
from maximum luminance to 20 % attenuation from a maximum value
at point A. The elapsed time from the maximum to minimum luminance
in 5 min was defined as T-out when luminance did not reach 0.8 times.
T-in A divided by T-in C was written as T-in A/T-in C, and T-out A
divided by T-out C was expressed as T-out A/T-out C. Furthermore, T-in
A/T-in C and T-out A/T-out C were measured as arterial and venous
blood flows, respectively.

The reference value for the ICG fluorescence method was set based
on the patient who experienced anastomotic leakage.

Postoperative course

Details regarding the postoperative course for each patient,
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C: Last branch of right gastric epiploic artery
A: Anastomotic site
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Fig. 1. Images obtained from the ICG fluorescence method and the multispectral camera

A. The state 120 s after intravenous ICG injection.

B. Oxygen saturation visualized using a multispectral camera. The arrows on the left indicate good and poor oxygen saturations as they approach red and blue,

respectively.

C. Hb levels visualized using a multispectral camera. The arrows on the left indicate that the closer to red, the higher the Hb levels, and the closer to black, the lower

the Hb levels.

C: Control point, A: Anastomosis site, Hb, hemoglobin; ICG, indocyanine green. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

including anastomotic leakage, were obtained from medical records.
The postoperative complications were assumed to have occurred within
30 days of surgery. The patient was diagnosed with anastomotic leakage
if contrast was leaking from the anastomotic site on esophagography or
clinical signs of leakage were evident at the neck incision.

Statistical analysis

The dispersion of data in each group was evaluated using the JMP
Pro software, version 14 (SAS Institute Inc., Cary, NC, USA, 2019 model
year). The normality of data was confirmed using the Shapiro-Wilk test.
Normally and non-normally distributed data were assessed using the t-
test and Mann-Whitney U test, respectively. Statistical significance was
considered at p < 0.05.

Results

Three (10 %) patients experienced postoperative anastomotic
leakage; however, all three patients recovered through antibiotic
administration and local drainage (Clavien-Dindo classification grade
III). For patients with anastomotic leakage, the ICG fluorescence
method, multispectral camera arterial blood flow evaluation (T-in A/T-
in C, oxygen saturation), and venous blood flow evaluation (T-out A/T-
out C, Hb level) were confirmed. Three of the five patients with T-in A/
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T-in C of >2.62 and T-out A/T-out C of >3.0 using the ICG fluorescence
method had anastomotic leakage. Meanwhile, the multispectral camera
showed anastomotic leakage in all three cases, with oxygen saturation
and Hb levels of <79.56 % and >123.73 %, respectively. Based on these
results, we tentatively established a target value for each examination
method to determine the appropriate anastomosis site. Specifically, in
the ICG fluorescence method, T-in A/T-in C of >2.6 and T-out A/T-out C
of >3.0 were defined as arterial insufficiency and venous blood stasis,
respectively. With a multispectral camera, oxygen saturation of <79.6 %
and Hb level of >123.7 % were defined as arterial insufficiency and
venous stasis, respectively.

Regarding anastomotic leakage cases, T-in A/T-in C and T-out A/T-
out C were significantly higher in patients with anastomotic leakage
as measured by ICG fluorescence angiography than in those with anas-
tomotic leakage as measured by the multispectral camera (1.66 vs. 3.59,
p = 0.006 and 2.29 vs. 5.34, p = 0.02, respectively). Tissue oxygen
saturation was significantly reduced (92.31 % vs. 77.77 %, p < 0.0001),
and the Hb level increased (102.4 % vs. 131.09 %, p = 0.004) in cases of
anastomotic leakage evaluated by the multispectral camera (Table 2).

Fig. 2 shows the evaluation of arterial and venous blood flows in each
case using the ICG fluorescence method and multispectral camera.
Anastomotic leakage occurred in three of the five patients assessed by
the ICG fluorescence method as having arterial insufficiency and venous
stasis (Fig. 2a). In contrast, all three patients evaluated by multispectral
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Table 2
Relationship between clinical features and each parameter.

Surgery Open Science 19 (2024) 87-94

ICG fluorescence angiography

Multispectral camera

T-inA/T-inC  p- T-out A/ T-outC  p- Oxygen saturation (%)  p-value Hemoglobin levels (%)  p-
value value value
Age, years 65 < (n=15) 1.65 0.36 2.82 0.58 90.79 0.97 108.82 0.17
65 > (n = 15) 2.05 2.36 90.85 101.14
Sex Males (n = 24) 1.88 0.65 2.60 0.94 90.14 0.21 108.39 0.01
Females (n=6) 1.74 2.54 93.53 88.84
Disease Cancer (n=29) 1.85 0.91 2.64 0.49 90.57 0.22 105.00 0.38
Other (n = 1) 1.73 1.07 98.00 89.41
cStage 0-II (n = 18) 2.03 0.24 2.90 0.43 89.69 0.30 107.78 0.27
L IV (n = 11) 1.57 2.22 92.01 100.44
Pre-operative therapy ~ No (n = 10) 1.90 0.86 2.38 0.52 88.13 0.10 105.69 0.87
Yes (n = 20) 1.83 2.20 91.85 104.63
Lifestyle disease No (n =19) 1.67 0.30 2.30 0.36 92.84 0.03 100.34 0.08
Yes (n = 11) 2.16 3.09 87.33 111.63
Vascular disease No (n = 26) 1.89 0.61 2.60 0.96 91.63 0.07 104.30 0.48
Yes (n =4) 1.56 2.55 86.00 110.98
Anastomotic leakage No (n=27) 1.66 0.006 2.29 0.02 92.31 < 0.0001 102.40 0.004
Yes (n = 3) 3.59 5.34 77.77 131.09

ICG: indocyanine green; C: Control point; A: Anastomosis site; T-in A/T-in C: T-in A divided by
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Fig. 2. Relationship between arterial and venous blood flow evaluations using each measurement method.

A. The relationship between arterial (T-in A/T-in C) and venous (T-out A/T-out C) blood flow evaluations using the ICG fluorescence method.

B. The relationship between arterial (oxygen saturation) and venous (Hb levels) blood flow evaluations by the multispectral camera.

C: Control point, A: Anastomosis site, Hb, hemoglobin; ICG, indocyanine green. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

camera as having arterial insufficiency and venous stasis experienced
anastomotic leakage (Fig. 2b).

Regarding arterial blood flow assessment, anastomotic leakage
occurred in three of the five patients (60.0 %) judged to have insufficient
arterial blood flow with the ICG fluorescence method and in all three
(100 %) determined to have insufficient arterial blood flow by the
multispectral camera (Fig. 3a). In the evaluation of venous blood flow,
anastomotic leakage occurred in three of the nine patients (33.3 %)
determined to have venous stasis by the ICG fluorescence method and in
three of the five patients (60.0 %) determined using the multispectral
camera to have venous stasis (Fig. 3b).

Figs. 4 and 5 present the cases where arterial and venous blood flow
evaluations were consistent and those in which they were inconsistent.
In the arterial blood flow assessment, 28 (93.3 %) patients had
concordant test results. All three patients diagnosed as having insuffi-
cient arterial blood flow by both examinations experienced an anasto-
motic leakage (Fig. 4). Only two (6.7 %) patients had inconsistent
evaluations from the ICG fluorescence method and the multispectral
camera. In these two patients, insufficient and sufficient arterial blood
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flows were determined using the ICG fluorescence method and the
multispectral camera, respectively. Furthermore, 24 (80.0 %) patients
had consistent venous blood flow evaluation. Anastomotic leakage
occurred in three of the four patients diagnosed with venous stasis by
both examination methods (Fig. 5). Six (20 %) patients had inconsistent
evaluations from the ICG fluorescence method and the multispectral
camera. Five of these patients were assessed as having venous conges-
tion by the ICG fluorescence method rather than with the multispectral
camera. For example, the tissue oxygen saturation measured using the
multispectral camera remained at 98.04 %, and the Hb level was 88.95
% (Fig. 6). Based on the results from the ICG fluorescence method, T-in
A/T-in C was 1.4, <2.6, whereas T-out A/ T-out C was 7.5, exceeding
3.0. However, no anastomotic leakage occurred in this case.

The ICG fluorescence and multispectral camera images of one of the
three patients who had anastomotic leakages are shown in Fig. 7.
However, the multispectral camera showed a decrease in oxygen satu-
ration and an increase in Hb levels at the anastomotic site. In this case,
the tissue oxygen saturation measured using the multispectral camera
was 77.19 %, which was lower than the reference value, and the Hb level
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Fig. 3. Relationship between each parameter of the ICG fluorescence method and the multispectral camera.
A. Correlation between T-in A/T-in C observed with the ICG fluorescence method and oxygen saturation assessed by the multispectral camera with respect to arterial

blood flow.

B. Correlation between T-out A/T-out C observed with the ICG method and the Hb levels noted by the multispectral camera in terms of venous blood flow.
Blue circle: Represents cases with no anastomotic leakage and two test results concordant.
Red circle: Represents cases with no anastomotic leakage; test results were inconsistent.

Red cross: Represent cases with anastomotic leakage.

C: Control point, A: Anastomosis site, Hb, hemoglobin; ICG, indocyanine green. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

Flowchart of anastomotic leakage on the basis of arterial blood flow

I Evaluation of gastric tube (n=30) |

l

|

|

tests (n=28) (93.3%)

The same evaluation on the two

Evaluations didn’ t match in
the two tests (n=2) (6.7%)

|

|

Arterial blood flow

’ Normal type (n=25) |

The ICG method; Arterial blood flow

deficiency type (n=3)

Anastomotic leakage
occurred (n=3)

Fig. 4. Flow chart of the assessment of arterial blood flow in the two tests

deficiency type
The multispectral camera; Normal type
(n=2)

No occurrence of
anastomotic leakage (n=27)

Anastomotic leakage occurred in the two tests; both cases are evaluated for arterial blood flow deficiency type.

was 129.23 %, which was higher than the reference value, suggesting
strong congestion. According to the ICG fluorescence method, T-in A/T-
in C was 5.51, and T-out A/T-out C was 7.4, exceeding the standard
value and suggesting strong congestion.

Discussion

This study compared the effectiveness of a new multispectral camera
for non-invasive, real-time, quantitative imaging of tissue oxygen satu-
ration and Hb levels compared to the commercially available ICG fluo-
rescence imaging for the hemodynamic assessment of gastric tubes in
esophagectomy. The results of this study suggest that the multispectral
camera can assess gastric tube blood flow more accurately than ICG
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fluorescence method. A borderline can be found between the cases with
anastomotic failure, with the highest score of 79.56, and those without
anastomotic failure, with the lowest score of 86.16. The Hb level in the
case with anastomotic insufficiency was 123.73, and the highest in the
case without anastomotic insufficiency was 128.19. Oxygen saturation is
calculated by the ratio of saturated Hb to unsaturated Hb; Hb level is
calculated by the sum of saturated Hb and unsaturated Hb, and Hb is
easily affected by ambient light. The tissue is usually bleeding or bruised
due to surgical manipulation, making quantification of Hb levels more
difficult.

Ultimately, when determining the anastomosis site through blood
flow assessment using a multispectral camera, it appears desirable that
the oxygen saturation level should be >80 %. The multispectral camera
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Flowchart of anastomotic leakage on the basis of venous blood flow

I Evaluation of gastric tube (n=30) |

|

|

The same evaluation on the two
tests (n=24) (80.0%)

Evaluations didn’ t match in
the two tests (n=6) (20.0%)

Venous blood flow
stasis type (n=4)

Normal type (n=20)

Anastomotic leakage

|
[

The ICG method;

Venous blood flow stasis

The multispectral camera;

Normal type Venous blood flow stasis
(n=5) (n=1)

The ICG method;
Normal type
The multispectral camera;

l |
|

No occurrence of

occurred (n=3)

Fig. 5. Flow chart of the assessment of venous blood flow in the two tests

anastomotic leakage (n=27)

Anastomotic leakage occurred in the two tests; both cases are evaluated for venous blood flow stasis type.

C: Last branch of right gastric epiploic artery
A: Anastomotic site

- Oxygen saturation (%)

100
A 98.04

C: Last branch of right gastric epiploic artery
A: Anastomotic site

- Hb amount (%)
© 100
A 88.95

Fig. 6. A case assessed as having venous stasis with the ICG method rather than with the multispectral camera.

A. The ICG fluorescence method diagnosed venous blood stasis.
B. The multispectral camera diagnosed sufficient arterial blood flow.
C. The multispectral camera diagnosed sufficient venous blood flow.

ICG, indocyanine green. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

is not used for viewing anastomotic leakage but for evaluating tissue
oxygen saturation and Hb level. If tissue oxygen saturation is <80 %, the
anastomotic position may need to be modified. However, there may be
severe congestion if the Hb level is >120 % and the tissue oxygen
saturation is <80 %; therefore, a clinician may act by changing the
anastomosis position or adding super charge, super drainage, or free
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jejunal transplantation during surgery.

ICG binds to proteins with a mass of 50-200 pg in plasma and
fluoresces by excitation to near-infrared rays, allowing visualization of
the existing blood vessels and showing blood flow. However, it does not
bind to Hb and has several disadvantages in the quantification of blood
flow; therefore, only morphological observations can be performed.
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C: Last branch of right gastric epiploic artery
A: Anastomotic site
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Fig. 7. Multispectral camera and ICG fluorescence images of a case with anastomotic leakage
A. Low tissue oxygen saturation at point A indicates insufficient arterial blood flow at the planned anastomotic site.
B. High Hb levels at point A indicate venous blood flow stasis at the planned anastomotic site.

C. The moment when ICG reaches maximum brightness at point A.

A: Anastomosis site, Hb, hemoglobin; ICG, indocyanine green. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

Furthermore, observing the conditions in which the administered ICG
reaches the gastric tube, such as through systemic circulation, leakage
into the tissue from the capillary, or reflux inside the vein, is necessary.
Accurately visualizing and quantifying blood flow is challenging
because ICG migrates to the bile duct, urinary tract, and digestive tract
and deposits in the lymph nodes and cancerous tissue. Additionally,
administering ICG each time the test is conducted and waiting until the
ICG is metabolized before reimaging is necessary. In contrast, the mul-
tispectral camera quantitatively images tissue oxygen metabolism and
Hb levels in real-time using oxidized and reduced Hb. Therefore, mul-
tispectral cameras may assess arterial and venous blood flow more
accurately.

Nevertheless, conducting a prospective multicenter study in the
future is necessary to verify the results of this study. Reselecting a site
with good anastomotic conditions may be necessary to prevent anasto-
motic leakage, particularly in cases where the oxygen saturation and Hb
level exceed the standard value with a multispectral camera. Further-
more, additional super-drainage may be necessary when congestive
changes at the planned anastomotic site are expected to be strong.

This study had some limitations. All surgical operations were per-
formed by the same team using a uniform method; however, anasto-
motic leakage is caused by various factors, including insufficient blood
flow in the gastric tube, insufficient blood flow in the esophagus, tension
in the anastomosis, and incomplete surgical technique.

Therefore, concluding that insufficient blood flow alone affected the
anastomotic leakage may be challenging. In the cases of this study, one
surgical group specializing in esophageal surgery performed suturing
using the same method, and we believe the suturing method was not
different. Regarding blood flow in the esophagus, we attempted to
determine the blood flow status of the esophagus, including the anas-
tomotic site and the gastric tube after anastomosis, using the
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multispectral camera; however, obtaining positionally accurate images
after the anastomosis was difficult. The sample size in this study was
small; therefore, a clear correlation between anastomotic leakage and
the test results cannot be concluded. We believe that collecting data on
more cases is necessary in the future.

Furthermore, this study solely focused on esophagectomy for
esophageal cancer; therefore, the usefulness of multispectral cameras for
other surgical procedures should be clarified in the future. Currently, the
target disease has been changed from the esophagus to the rectum,
where anastomosis can be performed within the abdominal cavity, and
the target patients have also changed.

Conclusion

Blood flow at the anastomotic site of the reconstructed gastric tube
was evaluated using the ICG fluorescence method and a multispectral
camera. Notably, multispectral cameras assessed gastric tube blood flow
more accurately than the ICG fluorescence method.
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