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Abstract

Objective We herein evaluated the hemodynamics of a gastric tube in esophagectomy using a new noninvasive blood flow
evaluation device utilizing near-infrared spectroscopy.

Methods Thirty-two cases of subtotal esophagectomy and gastric tube reconstruction for esophageal cancer were studied.
The new device measures the regional tissue saturation of oxygen (r1SO,: 0-99%) and total hemoglobin index (T-HbI: 0-1.0)
with a small sensor. We measured these values at the antrum (point A), final branch of the right gastroepiploic artery (point
B) and planned anastomotic point (point C) before and after gastric tube formation. The values at the three points were
compared, and the gradients at the three points from before to after gastric tube formation were compared.

Results The mean values of rSO, at point A, B, and C before gastric tube formation were 57.2%, 57.8% and 56.0%, and
those after formation were 54.6%, 58.0% and 55.8%, respectively. There was no significant difference in the comparison of
the rSO, gradient before and after formation (p =0.167). The mean values of T-HbI at point A, B, and C before formation
were 0.126, 0.178 and 0.211, and those after formation were 0.167, 0.247 and 0.292, respectively. There was no significant
difference in the gradient of the increase before and after formation (p=0.461).

Conclusion A new device has shown that the gastric tube used in our facility is one that maintains tissue saturation of oxygen
and does not cause excessive congestion at anastomosis.

Keywords Gastric tube - Esophagectomy - Hemodynamic evaluation

Introduction

Reconstruction of the gastric tube during esophagectomy
significantly changes the hemodynamics of the stomach
wall. Inappropriate blood flow in the anastomotic site is one
of the causes of anastomotic leakage. Thus far, the blood
flow has been evaluated by the measurement of arterial
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blood flow in the gastric tube using laser Doppler and visu-
alization by indocyanine green (ICG) fluorescence during
operation.

The reconstructed gastric tube is mainly nourished by
the right gastroepiploic artery and vein. Stem flaps and free
flaps in plastic surgery are also fed by one artery and vein
set. Free flaps are frequently discussed in the plastic surgery
field, and their survival requires a good venous return as well
as arterial blood flow. However, there are few reports focus-
ing on venous return and congestion in the hemodynamic
assessment of a reconstructed gastric tube.

In this study, we evaluated the hemodynamics before
and after the formation of a reconstructed gastric tube in
our facility using a new noninvasive blood flow evaluation
device with near-infrared spectroscopy (NIRS) and assessed
the characteristics of the gastric tube in esophagectomy.
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Materials and methods
Materials

This study was approved by the Clinical Research Center of
Tokyo Medical and Dental University Hospital as number
M2016-129.

The subjects consisted of 32 consecutive patients who
underwent subtotal esophagectomy and gastric tube recon-
struction for esophageal cancer in our department from April
2017 to May 2018.

Gastric tube formation method

Our department usually performs subtotal esophagectomy,
three-field lymph node dissection and retrosternal gastric
tube reconstruction for thoracic esophageal cancer.

With regard to the abdominal operation, the dissection
of the abdominal lymph nodes and gastric tube formation
techniques is common to both open cases and laparoscopic
cases. An incision at the greater omentum is made about
3 cm outside of the right gastroepiploic artery, and the left
gastroepiploic arteriovenous is dissected. If the arcade of
the left and right gastroepiploic arteries is present, it is
preserved. Gastric tube formation is performed outside the
body. The right gastric arteriovenous is dissected in the
antrum, and the lesser curvature of the antrum is deeply cut
using a curved stapler, as the right gastroepiploic artery-
dominant region has a small diameter to ensure the extensi-
bility of the gastric tube. The rest of the gastric wall is then
cut near the lesser curvature using linear staplers to preserve
the intramural vascular pathway for good blood flow to the
tip of the gastric tube. We call this form of the gastric tube
the “flexible” gastric tube (Fig. 1) [1]. The esophagogastric
anastomosis is a cervical anastomosis with a circular stapler.

The noninvasive blood flow evaluation device

The new noninvasive blood flow evaluation device ‘toccare’
(Astem Co., Kanagawa, Japan) (Fig. 2a) was used to evalu-
ate the hemodynamics of the gastric tube. This device has
a small sensor probe with NIRS [2, 3]. The oxygenated and
deoxygenated hemoglobin concentrations can be measured
by Toccare according to the NIRS measurement principle
by attaching the sensor to the examiner’s finger (Fig. 2b).
The regional tissue saturation of oxygen (rSO2: 0% to 99%)
and total hemoglobin index (T-HbI: O to 1.0) are then cal-
culated and displayed. The rSO, is the oxygen saturation
of the peripheral blood in tissue; this differs from pulse
oximeters, which measure arterial blood oxygen saturation.
T-HblI is the absolute value that combines the oxygenated
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Fig. 1 How to make a flexible gastric tube

and deoxygenated hemoglobin concentrations and represents
the total amount of hemoglobin per unit volume. Although
it is an index, the unit is equivalent to mMol. Therefore, an
increase in the T-HbI reflects an increase in the hemoglobin
concentration in the measured tissue, i.e., congestion [4,
5]. The near-infrared light of this device can reach a depth
of 4-5 mm from the surface of soft tissue, and this device
measures the rSO2 and the T-HbI of the area, where the
light can reach.

Measurement of hemodynamics

In the abdominal portion of the surgery, after cutting the
left gastric artery, left gastroepiploic artery and short gastric
artery, we raised the stomach to the neck outside of the body
and decided on the planned anastomotic point. We measured
rSO, and T-Hbl before the formation of the gastric tube,
with the stomach nourished by the right gastric artery and
right gastroepiploic artery, at three locations: in the antrum
(point A), the final branch of the right gastroepiploic artery
(point B) and at the planned anastomotic point (point C)
(Fig. 3a). In 19 of 32 cases, the values were also measured
at the tip of the gastric tube (point D). We then performed
gastric tube formation and measured these values again with
the stomach nourished mainly by only the right gastroepip-
loic artery (Fig. 3b).

Statistical analyses

A repeated-measures analysis of variance (ANOVA) was
used for comparisons of each of the three measurement
points of the gastric tube before and after gastric tube forma-
tion. The Mann—Whitney U test was used for comparisons
between two points. All statistical analyses were performed
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with EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan) [6], which is a graphical user interface
for R (The R Foundation for Statistical Computing, Vienna,
Austria). Differences were considered to be significant at
p<0.05.

Results

The case characteristics are summarized in Table 1. The
presence or absence of right and left gastroepiploic artery
arcade (present: n=11, absent: n=19, unknown: n=2),

Fig.2 a New hemodynamic
evaluation device, which
measures the tissue oxygen
saturation (rSO,: 0-99%) and
total hemoglobin index (T-Hbl:
0-1.0) of the area touched by
the sensor probe. b rSO, and
T-HbI were measured before
and after gastric tube formation
using a small sensor attached to
the examinee’s finger

Fig.3 rSO, and T-HbI were a
measured at three points: the
antrum (point A), final branch
of right gastroepiploic artery
(point B) and planned anasto-
mosis point (point C). a Before
gastric tube formation, with
the stomach nourished by the
right gastric artery and right
gastroepiploic artery. b After
gastric tube formation, with the

Point C:
Planned anastomotic point

diabetes mellitus (present: n=1, absent: n=31), arterio-
sclerosis-related disease (including cerebral infarction, car-
diac pectoris and arteriosclerosis obliterans; present: n=7,
absent: n=25) and lymph node involvement around the
lesser curvature (present: n =38, absent: n=24) were indi-
cated. Anastomosis leakage was found in only 1 of the 32
cases.

The mean values of rSO, before gastric tube formation
in point A, B and C were 57.2%, 57.8% and 56.0%, and
those after gastric tube formation were 54.6%, 58.0% and
55.8%, respectively (Fig. 4a). There was no significant dif-
ference among the rSO, values at each point before gastric

Point C:
Planned anastomotic point

stomach nourished mainly by
the right gastroepiploic artery

Point A: Antrum

Point B: Final branch
of right gastroepiploic artery

Point A: Antrum

Point B: Final branch
of right gastroepiploic artery

Table 1. Case characteristics

Sex Male 26/female 6
Mean age 69 (57-82)
Approach Open 15/thoracoscopic 14/mediastinal

Reconstruction route

Left and right gastroepiploic artery arcade

Diabetes mellitus
Arteriosclerosis-related disease

Lymph node involvement around lesser curvature

laparoscopic 3
Retrosternal 30/posterior mediastinum 2
Present 11/absent 19/unknown 2
Present 1/absent 32
Present 7/absent 25
Present 8/absent 24
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Fig.4 a Mean and standard deviation of rSO2 before and after gas-
tric tube formation. After tube formation, there was no significant dif-
ference in the rSO, between points B and C (p=0.078). The values
of rSO2 in one case of anastomotic leakage were also indicated. b

tube formation (p =0.505). After tube formation, there was
no significant difference in the rSO, between points B and
C (p=0.078). In addition, there was no significant differ-
ence in the comparison of the oxygen saturation gradient
before and after gastric tube formation (p =0.167).

The mean T-HbI values before gastric tube formation
in point A, B and C were 0.126, 0.178 and 0.211, and
those after gastric tube formation were 0.167, 0.247 and
0.292, respectively (Fig. 4b). The T-HbI at each point
before gastric tube formation significantly increased from
point A to point B (p =0.002) and from point B to point C
(p=0.025). There was a significant increase from point A
to point B after gastric tube formation (p =0.003). There
was no significant difference in the gradient of the increase
before and after gastric tube formation (p =0.461).

Considering the 19 cases in which measurement was
performed up to the tip of the gastric tube (point D), The
mean rSO, values before gastric tube formation at points
A, B, C and D were 57.1%, 57.2%, 55.3% and 53.8%, and
those after gastric tube formation were 55.1%, 57.4%, 55.0
and 53.6%, respectively (Fig. 5a). Before tube formation,
there was no significant difference in the rSO, values
between points C and D (p =0.539). After tube forma-
tion, there was no significant difference in the rSO, values
between points C and D (p =0.759). The oxygen saturation
gradient before and after gastric tube formation did not
differ to a statistically significant extent (p =0.800).
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Mean and standard deviation of T-HbI before and after gastric tube
formation. There was no significant difference in the gradient of the
increase before and after gastric tube formation (p =0.461). The val-
ues of T-Hbl in one case of anastomotic leakage were also indicated

The mean T-HbI values before gastric tube formation at
points A, B, C and D were 0.132, 0.189, 0.217 and 0.327, and
those after gastric tube formation were 0.177, 0.249, 0.277 and
0.429, respectively (Fig. 5b). Before tube formation, there was
a significant increase from point C to point D (p=0.003). After
tube formation, there was a significant increase from point C
to point D (p=0.039). There was no significant difference in
the gradient of the increase from before to after gastric tube
formation (p=0.618).

In one case of anastomotic leakage, for Points A, B, C and
D, the respective values of rSO2 were 54%, 57%, 51% and
48% before gastric tube formation and 63%, 57%, 52% and
54% after gastric tube formation. For Points A, B, C and D,
the respective values of T-HbI were 0.22, 0.27, 0.28 and 0.37
before gastric tube formation and 0.33, 0.43, 0.30 and 0.45
after gastric tube formation.

We also evaluated the differences in blood flow with and
without diabetes, lymph node involvement around the lesser
curvature and other items, as shown in Table 1. Our compari-
son of the values and gradients of rSO2 and T-HblI after gastric
tube formation showed no significant differences in any of the
items (data not shown).
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Fig.5 a Mean and standard deviation of rSO2 before and after gastric
tube formation at Point A, B, C and D. After tube formation, there
was no significant difference in the rSO, values between points C and
D (p=0.759). The values of rSO2 in one case of anastomotic leakage
were also indicated. b Mean and standard deviation of T-HbI before

Discussion

Reconstruction after esophagectomy is one of the most
important steps of this procedure. The stomach is often
used for reconstruction. Postoperative anastomotic leakage
is a serious and sometimes fatal complication of esophageal
cancer surgery. Gastric tube blood flow at the anastomotic
site is one of the most important factors for ensuring a good
outcome [7-9]. Therefore, various studies have reported on
methods of gastric tube formation and ensuring a good blood
flow at the anastomotic site [10—13].

To evaluate the gastric tube blood flow, the measurement
of the arterial blood flow in the wall using a Doppler blood
flow meter has been attempted in some studies [14—17]. In
recent years, the ICG method has been used to evaluate the
micro blood flow for free flaps in the field of plastic surgery
and for the blood flow evaluation in liver resection [18-21].
ICG has also been proven effective during esophagectomy
and gastric tube reconstruction [22-24]. However, this
method cannot evaluate the venous return or tissue blood
washout [24].

The reconstructed gastric tube is mainly nourished by
the right gastroepiploic artery and vein. The blood supply
of the cranial 20% of the greater curvature narrow gastric
tube is received through a microscopic network of capillar-
ies and arterioles [25]. It is thought that the hemodynamics
are similar to those of stem flaps or free flaps in that they
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and after gastric tube formation at Point A, B, C and D. There was
no significant difference in the gradient of the increase from before to
after gastric tube formation (p=0.618). The values of T-HbI in one
case of anastomotic leakage were also indicated

are fed by one artery and vein set. This means that its sur-
vival requires good venous return as well as good arterial
blood flow. The blood flow evaluation of free flaps has
been discussed frequently in the field of plastic surgery.
A recent report described NIRS as noninvasive, able to
detect changes in the blood flow in real time, and having
both excellent sensitivity and specificity [26].

This new device was originally developed to measure
the tissue oxygen saturation of fetal brain tissue through
an internal examination of a pregnant woman [2, 3]. In
addition, its use has been attempted in the field of plastic
surgery, because the blood flow state of the reconstructed
flap can be easily evaluated. Tsuge et al. reported that,
in cases of transverse rectus abdominis flap reconstruc-
tion in plastic surgery, the rSO2 decreased as the distance
increased, gross congestion was observed at points, where
the average rSO2 was below 45%, and ICG did not stain
at points with a value of 41.3%. When sites with an aver-
age r1SO2 below 45% were resected, flap necrosis was not
seen [27].

In the present study, we used the same device to evalu-
ate the venous return as well as the arterial blood flow in
the reconstructed gastric tube. We could measure the rSO,
and T-HbI values of the reconstructed gastric tube during
surgery easily and noninvasively. Since the near-infrared
light of this device reaches up to 4-5 mm deep in soft tis-
sue, it should be able to determine the condition of almost
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all layers, from the serosa to the mucous membrane, of the
gastric wall.

As mentioned in the Methods section, we believe the
“flexible” gastric tube in our facility achieves a good blood
flow to the oral side of the gastric tube by preserving the
intramural vascular pathway and contributes to a low anas-
tomotic leakage rate. Evaluating the blood flow by the ICG
method showed that the proximal region of the right gastro-
epiploic artery was rapidly enhanced though the intramural
vascular pathway. In addition, the rate of anastomotic leak-
age was only 1.8% (11 cases) among the 615 patients who
had undergone the same operation as those in this study
since 2000, with only 1 patient developing gastric tube
necrosis [1]. We, therefore, evaluated the hemodynamics of
our gastric tube using this device, making this one of the
few reports to quantitatively evaluate the oxygenation and
congestion of the gastric tube.

There was no significant difference in the rSO, between
the three points before gastric tube formation. This means
that the planned anastomotic point is well-oxygenated by
the right gastric artery and right gastroepiploic artery. In
addition, there was no significant difference between points
B and C after gastric tube formation. This means that the
planned anastomotic point, which is located beyond the
periphery of the right gastroepiploic artery, remains well-
oxygenated, even after gastric tube formation.

The T-HbI at each point before gastric tube formation
increased toward the tip, indicating that the venous return
decreases and the blood tends to stagnate as it travels to the
tip. In addition, the T-HbI at each point tended to increase
after gastric tube formation as well. This seems to be due to
the overall tendency toward congestion over time, since the
main blood vessels, such as the left gastric artery and vein,
were cut off. However, there was no significant difference in
the gradient of the three points on comparing values before
and after gastric tube formation. If venous return in the intra-
mural vascular pathway is not maintained on the oral side of
the last branch of the right gastroepiploic artery and vein, it
is expected that the congestion on the oral side will worsen
and the gradient will increase after gastric tube formation. In
this study, there was no change in the gradient from before
to after gastric tube formation, and it is considered that after
formation, the venous return on the oral side is maintained
at the same level as before gastric tube formation.

Furthermore, in 19 cases in which 4 points of the gastric
tube were measured, the rSO, value tended to be slightly
decreased (although not to a statistically significant extent)
at the tip. The T-HbI value increased significantly from the
planned anastomotic point to the tip from before to after
gastric tube formation. There was no significant difference
in the gradient from the antrum to the tip of T-HbI from
before to after gastric tube formation. From these results,
although venous return is maintained at the same level up
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to the tip of the gastric tube even after the formation of the
gastric tube, the T-HbI value gradually increases toward the
oral side, and rSO, may decrease with time. In this study, the
cut-off value of rSO2 for gastric tube necrosis and a high risk
of anastomotic leakage in gastric tube reconstruction could
not be determined. If anastomosis is performed at the tip
of the tube, some cases might develop anastomotic leakage
due to an impaired blood flow. Therefore, it is thought that
anastomosis should be performed on the anal side as much
as possible.

In one case of anastomotic leakage, the rSO2 at Points C
and D was maintained after gastric tube formation, and there
was no excessive increase in the T-Hbl. Anastomotic leak-
age may have occurred for reasons other than an impaired
blood flow.

Given the above, the new device with NIRS showed that
our gastric tube maintains the tissue saturation of oxygen to
the anastomosis and does not cause excessive congestion, a
result that supports our gastric tube concept.

The present study was associated with two limitations.
First, this study was limited by being performed in a single
facility, so we were unable to compare our flexible gastric
tube with a narrow gastric tube or subtotal gastric tube.
Second, as there was only one case of anastomotic leakage,
it was not possible to sufficiently compare cases with and
without anastomotic leakage.

In the future, I would like to conduct collaborative
research with other institutions and compare the hemo-
dynamics with other gastric tube shapes. We also hope
to examine whether or not the rSO2 and T-HbI values at
the anastomotic point can predict anastomotic leakage by
increasing the number of cases.

Conclusion

A new device with NIRS showed that the gastric tube in our
facility is one that maintains tissue saturation of oxygen to
the anastomosis and does not cause excessive congestion.
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