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I Observational Study

Blood flow speed of the gastric conduit assessed
by indocyanine green fluorescence

New predictive evaluation of anastomotic leakage after
esophagectomy

Kazuo Koyanagi, MD, PhD*", Soji Ozawa, MD, PhD®, Junya Oguma, MD, PhDP, Akihito Kazuno, MD®,
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Abstract N\
Anastomotic leakage is considered as an independent risk factor for postoperative mortality after esophagectomy, and an insufficient |
blood flow in the reconstructed conduit may be a risk factor of anastomotic leakage. We investigated the clinical significance of blood
flow visualization by indocyanine green (ICG) fluorescence in the gastric conduit as a means of predicting the leakage of
esophagogastric anastomosis after esophagectomy.

Forty patients who underwent an esophagectomy with gastric conduit reconstruction were prospectively investigated. ICG
fluorescence imaging of the gastric conduit was detected by a near-infrared camera system during esophagectomy and correlated
with clinical parameters or surgical outcomes.

In 25 patients, the flow speed of ICG fluorescence in the gastric conduit wall was simultaneous with that of the greater curvature
vessels (simultaneous group), whereas in 15 patients this was slower than that of the greater curvature vessels (delayed group). The
reduced speed of ICG fluorescence stream in the gastric conduit wall was associated with intraoperative blood loss (P=0.008).
Although anastomotic leakage was not found in the simultaneous group, it occurred in 7 patients of the delayed group (P < 0.001). A
flow speed of ICG fluorescence in the gastric conduit wall of 1.76 cm/s or less was determined by a receiver operating characteristic
(ROC) curve, identified as a significant independent predictor of anastomotic leakage after esophagectomy (P=0.004).

This preliminary study demonstrates that intraoperative evaluation of blood flow speed by ICG fluorescence in the gastric conduit

1. Introduction

Esophagectomy with 3-field lymph node dissection is performed
as a standard surgical procedure for localized thoracic esophageal
cancer in Japan."! Morbidity is a major concern during the
follow-up period because of the invasive nature of this surgery
and the complex operative procedures involved.>* The
anastomosis between the cervical esophagus and gastric conduit,
commonly used for the reconstruction after esophagectomy, is
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more likely to leak than other gastrointestinal anastomosis and is
consequently associated with higher postoperative mortality.'>°!
Among several factors, such as preoperative nutritional status,
reconstructed route, and site or technique of the anastomosis,!” !
there is a high probability that ischemia of the gastric conduit can
attribute to the anastomotic leakage."'%! Perfusion and viability
of the conduit has been subjectively determined by clinical
judgment, such as the color, movement, and pulsation of the
vessels. If substantial intraoperative measurement system of
tissue blood flow is established, the surgeons can obtain objective
and reliable information to decide the appropriate anastomotic
site after esophagectomy. Laser Doppler flowmetry, which can
detect microperfusion at any point on the gastric conduit surface,
emerged as a promising tissue blood flow assessment system.
However, it has not been widely accepted by surgeons due to the
lack of reproducibility and no apparent correlation with
anastomotic leakage.'""'?l' A new assessment system that can
indicate not only microperfusion, but also macroperfusion of the
gastric conduit and that can predict the risk of the leakage of
esophagogastric anastomosis is urgently recommended.
Near-infrared fluorescence using indocyanine green (ICG) has
been applied as a real-time navigation tool in various surgical
fields.!"37'1 ICG is a water-soluble near-infrared fluorophore,
with its immediate or long-term safety confirmed by
previous studies."”'® ICG fluorescence imaging provides high
sensitivity and significant contrast because of its low inherent
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autofluorescence background and high tissue penetration.!*’!

Recent studies have shown that ICG fluorescence can visualize
the blood flow of the gastric conduit in patients undergoing
esophagectomy; however, the correlation between the blood flow
observed by ICG fluorescence and the occurrence of esophago-
gastric anastomotic leakage has not been demonstrated.'*°22 To
evaluate the usefulness of ICG fluorescence in the gastric conduit,
there are several issues to be considered, including the
observation site, detection time, and the parameters and methods
of ICG fluorescence imaging. Furthermore, to our knowledge, the
factors that may change tissue blood flow in the gastric wall (e.g.,
prior therapy, mucosal atrophy, gastric ulcer, and smoking) or
that may change ICG fluorescence intensity (e.g., ICG concen-
tration, binding properties, and interfering substances) have not
been correlated with ICG fluorescence imaging of the gastric
conduit in previous studies.

In this study, we aimed to establish novel methods to evaluate
the blood flow using ICG fluorescence in the wall of the gastric
conduit during esophagectomy. We first investigated associations
between the ICG fluorescence stream and various patient clinical
factors. We then investigated the significance of the flow speed of
ICG fluorescence in the gastric conduit as a means of predicting
esophagogastric anastomotic leakage after esophagectomy.

2. Methods

2.1. Patients

This study was investigated to develop new methods that could
assess the blood flow of the gastric conduit using ICG
fluorescence. The duration of the study was planned for 2 years.
So the number of patients we could enroll in the study was
calculated as 50 from annual surgical cases of the esophagectomy
with 3-field lymph node dissection in Tokai University Hospital.
Consequently, we prospectively and consecutively enrolled 46
esophageal cancer patients in the study between January 2014
and October 2015. Among them, ICG fluorescence was
performed in 40 patients; the remaining 6 were excluded because
of iodine hypersensitivity (4 patients), reconstruction using the
small intestine (1 patient), and exploratory thoracotomy (1
patient). The characteristics of the patients included in the study
are summarized in Table 1. The cancer stage was determined
according to the seventh edition of the International Union
Against Cancer TNM Classification of Malignant Tumors.!*!
The study was approved and carried out according to guidelines
set forth by the Institutional Review Board for Clinical Research
of the Tokai University School of Medicine. All patients signed
informed consent forms for operative procedures, injection of
ICG, and observation of ICG fluorescence during the operation.

2.2. Preparation of the gastric conduit and definition
of anastomotic leakage

All patients received the same surgical procedures: resection of
the esophagus with 3-field lymph node dissection, simultaneous
reconstruction using a gastric conduit, and cervical anastomosis.
After esophagus was isolated and resected, we prepared a gastric
conduit with a width of 3.5cm. The right gastric artery was
preserved, and resection of lesser curvature was routinely
determined at Scm from the pylorus. The right gastroepiploic
artery and branches of the left gastroepiploic artery were also
preserved. The gastric conduit was pulled up to the neck via the
retrosternal, subcutaneous, and posterior mediastinal routes in
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Patient characteristics in ICG fluorescence study.

Characteristics No. of patients
Age (y; median) (range) 68 (26-82)
Sex

Male/female 34/6
Histology

Squamous/adeno/basaloid 36/2/2
cT category

T1/12/T3 21/3/16
cN category

NO/N1/N2 24/9/7
cStage

IA/IB 17/2

lIA/1IB 5/3

lNA/IIB 6/5

IV (supraclavicular lymph node metastasis) 4
Preoperative therapy

Chemotherapy/chemoradiotherapy/none 11/4/25
Medical history

Gastric ulcer/mucosal atrophy 8/17

Arteriosclerotic disease 5
Smoking

Yes/no 31/8
Clinical test value
Serum albumin (g/dL; median) (range) 41 (2.8-5.3)
Hemoglobin (g/dL; median) (range) 12.7 (8-16.1)

Total cholesterol (mg/dL; median) (range) 201 (136-364)

ICG = indocyanine green.

30, 7, and 3 patients, respectively. We routinely used the
retrosternal route. Subcutaneous route was selected when the
patient had a surgical risk such as salvage esophagectomy, and
posterior mediastinal route was selected when the retrosternal
route could not be used for some reasons such as prior operation
or intervention to the cardiac diseases. Anastomosis between
esophagus and the gastric conduit was performed in the cervical
region. A circular stapler technique was used for the cases in 2014
(n=12), and a hand-sewing method was used for those in 2015
(n=28). We changed the anastomotic technique from circular
stapler to hand-sewing because we experienced some difficulties
of the technique and an adverse event caused by mechanical
trouble of circular stapler in other cases. No patients underwent
additional arterial or venous microvascular anastomosis between
gastric conduit and cervical vessels.

Postoperative esophagography was performed to check the
integrity of the anastomosis in all patients. Besides radiological
diagnosis, clinical findings such as saliva discharge from the
incised wound were defined as anastomotic leakage.

2.3. ICG fluorescence imaging

The gastric conduit was stretched, pulled up to the neck, and placed
on the anterior chest wall, as assuming the anastomosis. After
checking the gastric conduit for its conditions, such as the color of
the gastric serosa, arterial pulsation of the gastroepiploic artery,
and connection between the right and left gastroepiploic vessels,
2.5mg (n=24) or 1.25mg (n=16) of ICG dye (Diagnogreen;
Daiichi-Sankyo Pharmaceutical, Tokyo, Japan) was injected as a
bolus via a central venous catheter. ICG fluorescence was detected
by a near-infrared camera system (Photodynamic Eye [PDE];
Hamamatsu Photonics K. K., Hamamatsu, Japan). ICG fluores-
cence imaging was performed using a charge-coupled device
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camera, comprising a light-emitting diode at a wavelength of 760
nmasa light source (activation of ICG) and a filter to eliminate light
of wavelengths below 820nm (detection of ICG fluorescence).!*?!
The camera was held in the surgeon’s hand and placed 20 cm above
the gastric conduit. The fluorescence signals were sent to a digital
video processor, displayed on a TV monitor, and were recorded.

We selected 4 points to assess the ICG fluorescence of the
gastric conduit. Point a was the pylorus, and point b was the
terminal point of the gastroepiploic arterial pulsation. Terminal
end of ICG fluorescence of the gastric conduit wall and greater
curvature vessels were defined as point ¢ and point d, respectively
(Fig. 1). The flow speed of ICG fluorescence of the gastric conduit
was calculated from the distance and moving time of ICG
fluorescence between the points and was compared with clinical
and surgical factors.

2.4. Statistical analysis

The parameters of ICG fluorescence imaging were compared with
patient characteristics using a chi-square test and the Fisher exact
test. The Mann—Whitney U test was used to assess the association
between the continuous variables and ICG fluorescence imaging.
A multinomial logistic regression analysis was used for predictive
variable selection of the occurrence of anastomotic leakage after
esophagectomy. A receiver operating characteristic (ROC) curve
was generated for deciding the cutoff value of ICG fluorescence
stream variables. Analysis was performed using JMP software
(version 12; SAS Institute, Cary, NC). All tests were two-sided
with a significance level <0.05.

3. Results

3.1. Intraoperative observation and ICG fluorescence
imaging of the gastric conduit

The length of the gastric conduit (from the pylorus to the end of
gastric conduit) was 34.9+3.6cm (mean+ standard deviation
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[SD]), and this was not associated with the patient’s height (P =
0.60) or weight (P=0.36). The distance from point a to point b
was 23.1+3.1cm, which was significantly associated with
connection between the right and left gastroepiploic arteries:
25.0+2.4cm in patients with the connection and 22.2 +3.0cm in
those without the connection (P=0.006).

Following ICG bolus injection, ICG fluorescence could be
detected at the root of the right gastroepiploic artery within 30
seconds (point a). The arterial systolic blood pressure was 102.5
+12.3 mm Hg during ICG injection. ICG fluorescence in the wall
of the gastric conduit subsequently moved with the blood flow,
along with that of gastroepiploic artery, until it arrived at point b.
ICG fluorescence of both the gastric conduit wall and the greater
curvature vessels flowed 10.0cm (point ¢) and 7.8 cm (point d)
beyond point b, respectively (Table 2). The distance from point a
to point ¢ was also significantly associated with connection
between right and left gastroepiploic arteries: 35.2+3.6cm in
patients with the connection and 32.2 +3.4cm in those without
the connection (P=0.014). The distance from point a to point d
again showed a tendency to be associated with the connection
between right and left gastroepiploic arteries: 33.0+5.4cm in
patients with the connection and 29.8 +4.7 cm in those without
the connection (P=0.055).

Interestingly, we found that the flow speed of ICG fluorescence
in the gastric conduit wall was not always similar to that of the
greater curvature vessels beyond point b (Fig. 1). We focused on
this ICG fluorescence stream in the gastric conduit wall and
classified it into 2 groups according to the flow speed: a
simultaneous group (n=25), in which ICG fluorescence of the
gastric conduit wall was almost the same as that of the greater
curvature vessels beyond point b (Fig. 1, Fig. 2A and B), and a
delayed group (n=135), in which ICG fluorescence of the gastric
conduit wall was obviously slower than that of the greater
curvature vessels beyond point b (Fig. 1, Fig. 2C and D). The
distance from point a to point ¢ was not different between the
simultaneous group and the delayed group. However, the ICG

duodenum

end of the

< gastricconduit

A simultaneous group d

v T IGEA

ICG fluorescence

B delayed group d

Figure 1. Schema of the indocyanine green (ICG) fluorescence stream of the gastric conduit. ICG fluorescence stream in the simultaneous group (A) and in the
delayed group (B). Point a; ICG fluorescence at the root of right gastroepiploic artery and at the pylorus, point b; ICG fluorescence stream at terminal point of arterial
pulsation of the greater curvature, point c; end of ICG fluorescence of the gastric conduit wall, point d; end of ICG fluorescence of the greater curvature vessels.

LGEA = left gastroepiploic artery, RGEA = right gastroepiploic artery.
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ICG fluorescence blood flow of the gastric conduit.

Simultaneous  Delayed group

Factors group (n=25) (n=15) All (n=40) P
Distance (cm; mean+SD)
Point a— point ¢ 33.7+34 323+4.2 33.2+37 0.27
Point a— point d 31.3+49 30.1+55 30.8+5.1 0.53
Time (s; mean +SD)
Point a— point ¢ 11.0+4.3 19.9+7.7 144+71  <0.001
Point a— point d 10.8+4.2 11.0+5.6 11.0+47 0.98
Speed (cm/s; mean +SD)
Point a— point ¢ 3.5+13 1.8+04 28+13  <0.001
Point a— point d 3.2+10 3.2+1.1 3.2+1.1 0.95

ICG = indocyanine green, SD = standard deviation.
" Comparison between simultaneous group and delayed group.

fluorescence stream from point a to point ¢ took a significantly
longer time in the delayed group than in the simultaneous group
(P<0.001). The flow speed of ICG fluorescence in the gastric
conduit wall from point a to point ¢ was 3.5+1.3cm/s in the
simultaneous group and 1.8+0.4cm/s in the delayed group,
respectively (P<0.001). On the other hand, there were no
differences in the distance and the flow speed of ICG fluorescence
from point a to point d between the simultaneous group and the
delayed group.

3.2. Comparison of the factors according to the ICG

fluorescence speed in the gastric conduit wall
3.2.1. Preoperative factors. Age, sex, medical histories,

smoking, and preoperative therapies, which can each conceivably
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change the blood flow of the gastric conduit, were not associated
with the flow speed of ICG fluorescence in the gastric conduit wall
(Table 3). Similarly, blood chemistry results and ICG concen-
trations that might change the intensity of ICG fluorescence were
not associated with the flow speed of ICG fluorescence.

3.2.2. Surgical factors. Although the distance from point a to
point ¢ was significantly different between patients with the
connection of right and left gastroepiploic arteries and those
without the connection, the flow speed of ICG fluorescence in the
gastric conduit wall was not different (P=0.14). Similarly, the
congestion at the tip of the gastric conduit wall did not change the
flow speed of ICG fluorescence in the gastric conduit wall (P=
0.41). Neither the amount of ICG injection nor the arterial blood
pressure during ICG fluorescence imaging was associated with
the flow speed of ICG fluorescence. Operation time was not
significantly different between the simultaneous group and the
delayed group (P=0.14), whereas the intraoperative blood loss
of the delayed group was significantly higher than that of the
simultaneous group (P=0.008).

3.2.3. Postoperative outcomes. Although the anastomotic site
was determined at the area in which ICG fluorescence was
detected, anastomotic leakage was found in 7 patients. All of the
anastomotic leakages occurred in the delayed group, with none in
the simultaneous group (P <0.001). Incidence of any morbidity
(including anastomotic leakage) was higher in the delayed group
(60%) than in the simultaneous group (32%), although this was
not statistically significant (P=0.055). The postoperative hospi-
tal stay of the delayed group was significantly longer than that of
the simultaneous group (P=0.029). Hospital mortality was not
seen in either group.

C

Figure 2. Representative indocyanine green fluorescence stream of the simultaneous group (A and B) and the delayed group (C and D).

D
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Comparison of clinical factors and surgical outcomes between the simultaneous group and the delayed group.

Factors Patients (n) Simultaneous group (n=25) (%) Delayed group (n=15) (%) P
Preoperative factors
Age, y <68 20 12 (48) 8 (53) 0.74
>68 20 13 (52 7 (47)
Sex Male 34 22 (88) 12 (80) 0.65
Female 6 3(12) 3 (20)
Gastric ulcer scar Yes 8 4 (16) 4.(27) 0.44
No 32 21 (84) 11.(73)
Gastric mucosal atrophy Yes 17 12 (48) 5 (33) 0.80
No 23 13 (52 10 (67)
Arteriosclerotic disease Yes 5 3(12) 2 (13) 0.90
No 35 22 (88) 13 (87)
Smoking Yes 31 19 (79) 12 (80) 0.99
No 8 5(21) 3 (20)
Brinkman index (mean +SD) 431.3+472.7 681.2+691.3 0.27
Serum albumin (g/dL; mean+SD) 40+02 4.0+0.1 1.0
Hemoglobin (g/dL; mean + SD) 12.3+04 12.5+04 0.90
Total cholesterol (mg/dL; mean+SD) 2141+105 199.1+6.5 0.66
Preoperative therapy Yes 15 8 (32) 7 (47) 0.35
No 25 17 (68) 8 (53)
Surgical factors
Connection of gastroepiploic arteries Yes 13 6 (24) 7 (47) 0.14
No 27 19 (76) 8 (53)
Congestion of gastric conduit Yes 1 8 (32) 3 (20) 0.49
No 29 17 (68) 12 (80)
Amount of ICG injection, mg 2.5 24 14 (56) 10 (67) 0.50
1.25 16 11 (44) 5(33)
Blood pressure (mm Hg; mean =+ SD) 103.5+£2.8 100.9+2.3 0.84
Thoracoscopic surgery Yes 35 23 (92 12 (80) 0.34
No 5 2 (8) 3 (20)
Operation time (min; mean =+ SD) 531.3+17.4 576.1+21.45 0.14
Operative blood loss (mL; mean =+ SD) 307.3+435 541.2+73.1 0.008
Postoperative outcomes
Anastomotic leakage Yes 7 0(0) 7 (47) <0.001
No 33 25 (100) 8 (53)
Morbidity (Any) Yes 17 8 (32) 9 (60) 0.055
No 23 17 (68) 6 (40)
Postoperative hospital stay (d; mean + SD) 29.7+4.2 36.6+39 0.029
Hospital mortality 0(0) 0(0) ND

ICG = indocyanine green, SD = standard deviation, ND = not determined.

3.3. Risk assessment for the anastomotic leakage

In subsequent analyses, the association between clinical param-
eters and occurrence of anastomotic leakage was assessed
(Table 4). Both the preoperative and surgical factors were not
correlated with the anastomotic leakage. Only the flow speed of
ICG fluorescence in the gastric conduit wall from point a to point
¢ was significantly correlated with the occurrence of anastomotic
leakage after esophagectomy (P=0.002). An ROC curve of the
flow speed of ICG fluorescence in the gastric conduit wall was
generated to predict the anastomotic leakage (Fig. 3). The cutoff
value of the flow speed of ICG fluorescence on the gastric conduit
wall was determined as 1.76 cm/s with an area under the curve of
0.96 according to the ROC curve.

Based on the results of the univariate analysis, we selected the
flow speed of ICG fluorescence on the gastric conduit wall as a
parameter for multivariate analysis to assess the risk factors of
anastomotic leakage after esophagectomy. Reconstructed route,
operation time, and intraoperative blood loss, which have been
considered as risk factors of anastomotic leakage, were also
included in the analysis (Table 5). Of these, logistic regression

analysis determined that the only independent significant
predictor of anastomotic leakage was an ICG fluorescence flow
speed in the gastric conduit wall of 1.76 cm/s or less (odds ratio,
36.5; 95% confidence interval, 4.02-905.7; P=0.004).

4. Discussion

Our study showed that ICG fluorescence can be used to
effectively visualize real-time blood flow of the gastric conduit.
Previous investigators were uncertain of the significance of
visualized ICG fluorescence imaging and hence failed to
demonstrate any correlation with esophagogastric anastomotic
leakage. In the study, we focused on the blood flow from the
pylorus to the terminal end of the ICG fluorescence stream in the
gastric conduit wall. We then realized that the ICG fluorescence
stream in the gastric conduit wall could be classified into 2
patterns, a simultaneous group where the stream speed was fast
and a delayed group where the stream speed was slow. Although
tissue blood flow visualized by ICG fluorescence can be impaired
by several properties of human blood, medical histories,
smoking, and blood pressure during ICG injection,'**! our study
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Comparison of clinical factors and ICG fluorescence stream on the gastric conduit wall according to the anastomotic leakage.

Factors Patients (n) Leakage (+) (n=7) (%) Leakage (—) (n=33) (%) P
Preoperative factors
Age, y <68 20 5(71) 15 (45) 0.41
>68 20 2 (29 18 (55)
Sex Male 34 6 (86) 28 (85) 1.0
Female 6 1(14) 5 (15)
Histology SCC 36 6 (86) 30 (91) 0.58
Others 4 1(14) 309
Tumor location Ut 4 0(0) 4(12) 0.60
Mt 19 4 (57) 15 (45)
Lt 15 3(43) 12 (36)
cT category cT 21 5 (71) 16 (48) 0.41
cT2/3 19 2 (29) 17 (52)
cN category cNO 24 6 (86) 18 (55) 0.21
cN1/2 16 1(14) 15 (45)
cStage 1l 27 6 (86) 21 (64) 0.39
v 13 1(14) 12 (36)
Preoperative therapy Yes 15 2 (29 13 (39) 0.69
No 25 5(71) 20 (61)
Smoking Yes 31 6 (86) 25 (78) 0.98
No 8 1(14) 7(22)
Brinkman index 873.7+822.2 437.8+463.2 0.22
Surgical factors
Esophagectomy Open 5 1(14) 4(12) 0.90
Thoracoscopic 35 6 (86) 29 (88)
Reconstructed route Subcutaneous 7 2 (29 5(19) 0.48
Retrosternal 30 4 (57) 26 (79)
Posterior 3 1(14) 2 (6)
Anastomosis Stapler 12 2 (29 10 (30) 0.93
Hand-sewing 28 5(71) 23 (70)
Connection of gastroepiploic arteries Yes 13 3 (43) 10 (30) 0.66
No 27 4 (57) 23 (70)
Congestion at the tip of gastric conduit Yes 11 2 (29 9 (27) 0.94
No 29 5(71) 24 (73)
Operation time (min; mean =+ SD) 592.4+27.7 538.7+15.3 013
Operative blood loss (mL; mean +SD) 472.9+84.3 378.5+47.8 0.19
ICG fluorescence on the gastric conduit
Distance (cm; mean=+SD)
Point a— point b 21.8+£1.0 23.4+05 0.21
Point a— point ¢ 31.9+1.0 33.4+0.7 0.33
Point a— point d 301+1.3 31.0+£1.0 0.70
ICG speed (cm/s; mean+SD)
Point a— point ¢ 1.5+0.2 3.13+0.2 0.002
Point a— point d 2.76+0.4 3.27+0.2 0.34

ICG = indocyanine green, Lt =

demonstrates that these factors have no considerable influence on
ICG fluorescence imaging in the gastric conduit wall. Lower
concentrations of ICG did not impact the results of ICG
fluorescence stream in the study, despite the short half-life of ICG
in the blood. These findings indicate that ICG fluorescence
imaging could be performed repeatedly in a less-invasive,
reproducible assessment of the gastric conduit blood flow.
Contrary to expectations, the flow speed of ICG fluorescence in
the gastric conduit wall was not correlated with the connection of
right and left gastroepiploic arteries,’*>! but with intraoperative
blood loss. These findings may be explained by potential
reduction in the flow of the capillary vessels in the peripheral
tissues during ongoing intraoperative blood loss, since it is
important to maintain blood perfusion in the vital organs. In the
study, we evaluated the ICG fluorescence imaging before
anastomosis. Even though the gastric conduit was placed on
the anterior chest wall as assuming the anastomosis, ICG

lower thoracic, Mt = middle thoracic, SCC = squamous, SD = standard deviation, Ut = upper thoracic.

fluorescence might be changed after anastomosis. To dispel this
concern, the ICG fluorescence imaging was repeatedly measured
before and after anastomosis when the reconstruction route was
selected via subcutaneous, and we found that the flow speed of
ICG fluorescence after anastomosis was equaled before anasto-
mosis (data not shown).

Anastomotic leakage was not correlated with the reconstructed
route and anastomotic technique, but was significantly correlated
with the flow speed of ICG fluorescence in the gastric conduit
wall. The ROC curve demonstrated that the slower the ICG
fluorescence stream flowed, the higher the risk of anastomotic
leakage became. Furthermore, no anastomotic leakage occurred
in the simultaneous group. Zehetner et al®®! recently demon-
strated that anastomotic leakage might frequently occur when
esophagogastric anastomosis was placed in the area of no ICG
fluorescence. Our anastomosis was placed at the area in which
ICG fluorescence was observed in all the patients. These findings
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Figure 3. Receiver operating characteristic (ROC) curve of the speed of
indocyanine green fluorescence stream in the gastric conduit wall was
generated. Area under the curve was 0.96, and cutoff value was determined as
1.76cm/s according to the ROC curve.

strongly recommend that sufficient blood perfusion of the gastric
conduit wall is critical to the thorough tissue healing at the
anastomosis site. We evaluated the flow speed of ICG
fluorescence in the gastric conduit wall, in difference to other
investigators who have previously assessed the intensity of ICG
fluorescence for quantitative analysis.*”*®! When compared with
our assessment, their methods may differentiate between inflow
impairment and outflow impairment of the gastric conduit wall.
In our study, the flow speed of ICG fluorescence in the gastric
conduit wall showed no correlation with connection of right and
left gastroepiploic arteries and congestion at the tip of the gastric
conduit, but had high sensitivity and specificity to predict
anastomotic leakage; therefore, our method could evaluate the
comprehensive blood flow including the inflow and outflow of
the gastric conduit wall.

The number of patients was limited in our study. To address
this, we are now prospectively enrolling patients for further
assessment. In addition to the flow speed of the ICG fluorescence
stream, there may be other factors that associate with
anastomotic leakage, particularly since half of the patients in
the delayed group did not suffer from anastomotic leakage. To
avoid anastomotic leakage in patients where the ICG fluorescence
speed is slow, additional microvascular anastomosis of the gastric
conduit might be a useful surgical intervention. It will be
important to investigate surgical techniques that can increase the
blood flow of the gastric conduit and to locate the exact
anastomotic point in which blood perfusion is sufficient for
anastomotic healing.

5. Conclusion

This preliminary study demonstrates that near-infrared fluores-
cence using ICG is a promising intraoperative system for
assessment of gastric conduit wall blood flow and can predict
anastomotic leakage after esophagectomy. The ICG fluorescence
flow speed in the gastric conduit wall may be affected by the

www.md-journal.com

Multivariate analysis for prediction of anastomotic leakage after
esophagectomy.

Factors 0dds ratio 95% ClI P
ICG speed of gastric conduit <1 76cm/s” 36.5 4.02-905.7 0.004
Reconstructed route . 4.02 0.16-136.9  0.56
Operative blood loss >398 mL 3.07 0.20-87.5 0.43
Operation time >540 min* 2.96 0.24-75.3 0.41

ICG = indocyanine green, Cl = confidence interval, ROC = receiver operating characteristic.
Individual cutoff value was determined by a ROC curve.

network of capillary vessels of this tissue. Although there are no
system to help surgeons judge the area with appropriate blood
perfusion in the gastric conduit, ICG fluorescence has scope to be
used for determination of the optimal anastomotic site in the
gastric conduit in real-time surgical navigation.

References

[1] Igaki H, Tachimori Y, Kato H. Improved survival for patients with upper
and/or middle mediastinal lymph node metastasis of squamous cell
carcinoma of the lower thoracic esophagus treated with 3-field
dissection. Ann Surg 2004;239:483-90.

[2] Fujita H. President’s address of the 65th annual scientific meeting of the
Japanese Association for Thoracic Surgery: challenge for advanced
esophageal cancer. Gen Thorac Cardiovasc Surg 2013;61:201-7.

[3] Hulscher JBF, van Sandick JW, de Boer AGEM, et al. Extended
transthoracic resection compared with limited transhiatal resection for
adenocarcinoma of the esophagus. N Engl ] Med 2002;347:1662-9.

[4] Koyanagi K, Igaki H, Iwabu ], et al. Recurrent laryngeal nerve paralysis
after esophagectomy: respiratory complications and role of nerve
reconstruction. Tohoku J Exp Med 2015;237:1-8.

[5] Alanezi K, Urschel JD. Mortality secondary to esophageal anastomotic
leak. Ann Thoracic Cardiovascular Surg 2004;10:71-5.

[6] Takeuchi H, Miyata H, Gotoh M, et al. A risk model for esophagectomy
using data of 5354 patients included in a Japanese Nationwide Web-
Based Database. Ann Surg 2014;260:259-66.

[7] Urschel JD, Urschel DM, Miller JD, et al. A meta-analysis of randomized
controlled trials of route of reconstruction after esophagectomy for
cancer. Am J Surg 2001;182:470-5.

[8] Walther B, Johansson ], Johnsson F, et al. Cervical or thoracic
anastomosis after esophageal resection and gastric tube reconstruction.
A prospective randomized trial comparing sutured neck anastomosis
with stapled intrathoracic anastomosis. Ann Surg 2003;238:803-14.

[9] Nederlof N, Tilanus HW, Khe Tran TC, et al. End-to-end versus end-to-
side esophagogastrostomy after esophageal cancer resection. Ann Surg
2011;254:226-33.

[10] Kusano C, Baba M, Takano S, et al. Oxygen delivery as a factor in the
development of fatal postoperative complications after esophagectomy.
Br J Surg 1997;84:252-7.

[11] Ikeda Y, Niimi M, Kan S, et al. Clinical significance of tissue blood flow
during esophagectomy by laser Doppler flowmetry. ] Thorac Cardiovasc
Surg 2001;122:1101-6.

[12] Miyazaki T, Kuwano H, Kato H, et al. Predictive value of blood flow in
the gastric tube in anastomotic insufficiency after thoracic esophagec-
tomy. World ] Surg 2002;26:1319-23.

[13] Kitai T, Inomoto T, Miwa M, et al. Fluorescence navigation with
indocyanine green for detecting sentinel lymph nodes in breast cancer.
Breast Cancer 2005;12:211-5.

[14] Polom K, Murawa D, Rho YS, et al. Current trends and emerging future
of indocyanine green usage in surgery and oncology. Cancer 2011;
117:4812-22.

[15] Schaafsma BE, Mieog JSD, Hutteman M, et al. The clinical use of
indocyanine green as a near-infrared fluorescent contrast agent for
image-guided oncologic surgery. ] Surg Oncol 2011;104:323-32.

[16] Namikawa T, Sato T, Hanazaki K. Recent advances in near-infrared
fluorescence-guided imaging surgery using indocyanine green. Surg
Today 2015;45:1467-74.

[17] Ogawa M, Kosaka N, Choyke PL, et al. In vivo molecular imaging of
cancer with a quenching near infrared fluorescent probe using conjugates
of monoclonal antibodies and indocyanine green. Cancer Res 2009;69:
1268-72.


http://www.md-journal.com

Koyanagi et al. Medicine (2016) 95:30

[18] Murawa D, Polom K, Murawa P. One-year postoperative morbidity
associated with near-infrared-guided indocyanine green (ICG) or ICG in
conjugation with human serum albumin (ICG:HSA) sentinel lymph node
biopsy. Surg Innov 2014;21:240-3.

[19] Frangioni JV. New technologies for human cancer imaging. ] Clin Oncol
2008;26:4012-21.

[20] Shimada Y, Okumura T, Nagata T, et al. Usefulness of blood supply
visualization by indocyanine green fluorescence for reconstruction
during esophagectomy. Esophagus 2011;8:259-66.

[21] Murawa D, Himnerbein M, Spychata A, et al. Indocyanine green
angiography for evaluation of gastric conduit perfusion during
esophagectomy—first experience. Acta Chir Belg 2012;112:
275-80.

[22] Pacheco PE, Hill SM, Henriques SM, et al. The novel use of
intraoperative laser-induced fluorescence of indocyanine green tissue
angiography for evaluation of the gastric conduit in esophageal
reconstructive surgery. Am J Surg 2013;205:349-53.

Medicine

[23] Sobin LH, Gospodarowicz M, Wittekind C. International Union Against
Cancer (UICC)TNM Classification of Malignant Tumors. Wiley, 7th ed.
New York:2009.

[24] Yoneya S, Saito T, Komatsu Y, et al. Binding properties of indocyanine
green in human blood. Invest Ophthalmol Vis Sci 1998;39:1286-90.

[25] Rino Y, Yukawa N, Sato T, et al. Visualization of blood supply route to
the reconstructed stomach by indocyanine green fluorescence imaging
during esophagectomy. BMC Medical Imaging 2014; 14:18. Available
from http://www.biomedcentral.com/1471-2342/14/18.

[26] Zehetner ], DeMeester SR, Alicuben ET, et al. Intraoperative assessment
of perfusion of the gastric graft and correlation with anastomotic leaks
after esophagectomy. Ann Surg 2015;262:74-8.

[27] Yukaya T, Saeki H, Kasagi Y, et al. Indocyanine green fluorescence
angiography for quantitative evaluation of gastric tube perfusion in
patients undergoing esophagectomy. ] Am Coll Surg 2015;221:e37-42.

[28] Kamiya K, Unno N, Miyazaki S, et al. Quantitative assessment of the free
jejunal graft perfusion. J Surg Res 2015;1t94:394-9.


http://www.biomedcentral.com/1471-2342/14/18

	Blood flow speed of the gastric conduit assessed by indocyanine green fluorescence
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Preparation of the gastric conduit and definition of anastomotic leakage
	2.3 ICG fluorescence imaging
	2.4 Statistical analysis

	3 Results
	3.1 Intraoperative observation and ICG fluorescence imaging of the gastric conduit
	3.2 Comparison of the factors according to the ICG fluorescence speed in the gastric conduit wall
	3.2.1 Preoperative factors
	3.2.2 Surgical factors
	3.2.3 Postoperative outcomes

	3.3 Risk assessment for the anastomotic leakage

	4 Discussion
	5 Conclusion
	References


