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Abstract

Post esophagectomy anastomotic leakage is a crucial factor in determining morbidity and mortality. Good vascularity of the
gastric conduit is essential to avoid this complication. This prospective study compares the utility of intraoperative indocyanine
green (ICG) fluorescence angiography and visual assessment in assessing the vascularity of gastric conduit and proximal
esophageal stump in patients undergoing esophagectomy. Thirteen consecutive patients who underwent esophagectomy for
carcinoma middle, lower third esophagus or gastro-esophageal junction from August 2019 to September 2019 were included.
Three patients underwent laparoscopic-assisted transhiatal esophagectomy, ten thoraco-laparoscopic-assisted esophagectomy.
Reconstruction was done by gastric pull-up via posterior mediastinal route. All patients underwent assessment of perfusion of
gastric conduit and proximal esophageal stump by ICG angiography and by visual assessment based on inspection of the color,
the palpation of warmth, pulse, and bleeding from the edges. Visual assessment revealed the tip of the gastric conduit was dusky
and ischemic in 11 patients, pink and well perfused in two. ICG fluorescence imaging showed inadequate perfusion at the tip of
conduit in 12 patients, adequate in one, overall requiring revision in 12 cases. There was a discrepancy in one patient where visual
inspection showed adequate perfusion, but ICG disclosed poor vascularity requiring revision of the conduit’s tip. Resection of the
devitalized portion of the proximal esophageal stump was needed in 5 patients both by visual and by ICG assessment. The
median time to appearance of blush from the time of injection of dye was 15 s (10 to 23 s). In all the cases, the pattern of blush was
simultaneous, with the concurrent appearance of ICG blush in the gastric conduit and gastro-epiploic arcade. No anastomotic
leaks were noted. Visual inspection of the gastric conduit vascularity can underestimate perfusion and hence can compromise
resection of the devitalized part. ICG fluorescence imaging is an accurate and promising means to ascertain the vascularity of
gastric conduit during an esophagectomy. But its utility needs to be validated in randomized trials.
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ma esophagus. It is a technically complex procedure associat-
ed with considerable morbidity and mortality [1, 2]. Besides,
the procedure is performed in nutritionally debilitated patients,
with advanced age. One of the most dreaded complications
after esophagectomy is anastomotic leakage, occurring in 10—
20% of patients. When preparing the gastric conduit, it is
necessary to divide both the short gastric vessels and the left
gastric artery to gain length for its reach to the neck for
esophagogastric anastomosis. The conduit relies solely on
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the right gastroepiploic artery for its blood supply. Inadequate
blood supply at the tip of the gastric conduit is one of the most
critical factors contributing to anastomotic leakage.
Traditionally, assessment of the gastric conduit’s perfusion
and viability has depended on somewhat unreliable measures
such as visual inspection of the stomach’s color, bleeding at
the edges, palpation of warmth, and pulse.

Indocyanine green (ICG) dye is a near-infrared fluoro-
chrome, a water-soluble fluorescent compound that emits light
on excitation. It has confirmed short- and long-term safety
record, and has been extensively used in vascular, cardiac,
plastic, oncological, and ophthalmic surgery. ICG fluores-
cence imaging has been since long utilized for the detection
of sentinel lymph nodes in breast, stomach, and skin cancer
surgeries, as well as to assess the vascularity after anastomosis
during vascular and microvascular surgery to visualize tissue
perfusion [3, 4].

Intravascular injection of ICG dye allows visualization of
conduit vascular supply and assessment of perfusion to reduce
anastomotic leaks potentially. This new technique allows real-
time assessment of the vascularity of gastric conduit during
esophagectomy [5-9]. However, the correlation between the
vascular assessment by ICG fluorescence and the occurrence
of esophagogastric anastomotic leakage has not been studied
in a randomized controlled trial. This study analyzed the effi-
cacy of perfusion of the gastric conduit as well as proximal
esophageal stump by ICG fluorescence imaging against visual
inspection during esophagectomy.

Methodology

The study was prospectively done at a tertiary cancer center in
the department of surgical oncology. Thirteen consecutive pa-
tients who underwent esophagectomy for carcinoma middle,
lower third esophagus or gastro-esophageal junction from
August 2019 to September 2019 were included. All
underwent reconstruction by gastric conduit via posterior me-
diastinum route.

Preoperative workup included upper gastrointestinal en-
doscopy, biopsy, and a contrast-enhanced CT scan of chest
and abdomen in all patients. Ten patients underwent neoadju-
vant chemotherapy and radiation according to CROSS study
protocol [10] followed by surgery; one had 5 FU and cisplatin-
based neoadjuvant chemoradiation, one was operated upfront,
and one had salvage esophagectomy for a recurrent mid-third
esophageal cancer post definitive chemoradiation. All patients
included in this study consented to the study. The study was
approved by the ethics committee of Basavatarakam Indo
American Cancer Hospital and Research Institute,
Hyderabad, India.

Thoraco-laparoscopic-Assisted Esophagectomy

For patients with middle and lower third esophageal cancer,
initial mobilization of the esophagus was done by
thoracoscopic route with a standard infrahilar lymphadenec-
tomy in a semi-prone position with double lung ventilation.
Ports placement: A 10-mm right-hand working port is placed
just inferiorly and laterally to scapular tip, a 5-mm working
port (surgeon’s left-hand working port) in the 9th intercostal
space in the posterior axillary line, and a 10-mm camera port
in the 7th intercostal space in the anterior axillary line to
achieve a triangular configuration. A fourth 5-mm working
port for assistant is placed in anterior axillary line 2 rib space
superior to camera port in a diamond-shaped configuration.
The patient is then turned to the supine position. Standard
laparoscopic ports are placed: 10-mm umbilical camera port,
10-mm epigastric port for introduction of gauze pieces and
retraction of the liver, 5S-mm port on mid clavicular line on
either side as surgeon’s right- and left-hand working ports, an
addition left subcostal port along the anterior axillary line for
stomach retraction. The gastro-hepatic ligament is divided and
a complete D2 lymphadenectomy is done. Lastly, greater cur-
vature is divided with care not to injure the gastroepiploic
arcade.

After esophagectomy, a 3- to 3.5-cm-wide gastric tube is
created with interrupted PDS 2-0 sutures or by staplers. The
right gastroepiploic vessels and in the majority of the cases
right gastric vessels are preserved. The left gastroepiploic ves-
sels and left gastric vessels are ligated and divided at their
origin. The gastric tube, after creation, is placed on the chest
wall pointing towards the neck.

All the parameters concerning the gastric tube, such as the
length between the pylorus and tip of the gastric tube (conduit
length), the length between the pylorus and last branch of the
right gastro-epiploic arcade, the interconnection of the gastro-
epiploic arcades, length of gastric conduit from the termina-
tion of gastro-epiploic arcade to tip of conduit (dependent
length), systolic and mean arterial blood pressure at the time
of ICG fluorescence angiography injection, time from injec-
tion to blush (Fig. 1), perfusion at tip, ICG dose, pattern of
blush (simultaneous or delayed), requirement of revision of
conduit tip, length of abnormal conduit segment, and proximal
esophageal stump were recorded. After assessment and revi-
sion is done by ICG fluorescence angiography (Fig. 2), the
gastric tube is brought up to the neck through the posterior
mediastinum and doubled stapled side-to-side anastomosis is
done using 75- and 100-mm GIA staplers using modified
Collard technique.

Laparoscopic-Assisted Transhiatal Esophagectomy

Those patients who had transhiatal resection underwent a
comprehensive D2 and lower mediastinal nodal dissection
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Fig. 1 Depicting total and
dependent length of conduit.
Dependent length is the part of
conduit without gastro-epiploic
arcade. The part of conduit prox-
imal to artery forceps pointer is
dusky and ischemic by visual
inspection

laparoscopically followed by stomach mobilization, then a
small upper abdominal laparotomy, manual mediastinal dis-
section then cervical part of dissection, followed by resection
of esophagus providing adequate margins to tumor and deliv-
ery of specimen by laparotomy incision and reconstruction of
conduit as mentioned above.

ICG Protocol

Visual assessment of the stomach conduit vascularity was
done by color, pulsation, and bleeding from the edge of the
conduit by two senior surgeons independently. Immediately

Fig. 2 Panel no. 1 shows
vascularity of gastric conduit
assessed under white light. Part of
conduit proximal to artery forceps
is dusky with doubtful
vascularity. Panels II to VI depict
the perfusion of conduit at
different intervals of time as
assessed by ICG fluorescence
angiography. Panel II shows first
appearance of ICG blush along
the arterial arcade at 6 s of
injection, whereas panel VI
depicts, at 25 s the entire conduit
enhancing with ICG fluorescence
except its proximal 2 cm
nonenhancing part corresponding
to same area as visualized under
white light
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Conduit length

Dependent

after reconstruction of conduit, indocyanine green dye
(Aurogreen, Aurolab, Madurai, India) was injected intrave-
nously as a bolus. Dose of ICG has varied from 2.5 to
15 mg. Blood flow in the gastric tube was assessed with
ICG fluorescence imaging using a high-definition camera sys-
tem PINPOINT endoscopic fluorescence imaging camera
(Stryker India Pvt. Ltd., Gurugram, India). This camera sys-
tem is equipped with a special filter for optimal reproduction
during ICG-enhanced fluorescence and standard white light
imaging. Serial recording of ICG fluorescence imaging is
done to assess the pattern of enhancement (Fig. 2). When
illuminated by near-infrared light with a wavelength of 760
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to 780 nm, ICG fluorescence emits a light of 800 to 850 nm.
As ambient room illumination interferes with the detection of
fluorescence, all the operating room lights were turned off for
the ICG detection. The PINPOINT camera system has a dis-
tinct advantage of recording perfusion in different modes, i.e.,
white light, onlay mode, color segment fluorescent (CSF)
mode, and fluorescent mode (Fig. 3).

Non-enhancing parts, i.e., those parts of gastric conduit not
enhancing with ICG, were considered ischemic and
devascularized (see Fig. 1 and panel VI in Fig. 2). Resection
of the devitalized portion of the conduit was performed as per
clinical or ICG assessment. The primary endpoint was an
anastomotic leak at 30 days from the day of surgery. Before
anastomosis, the vascularity of proximal stump was also
assessed, and a revision was done as dictated by perfusion
(Fig. 4).

Results

A total of 13 consecutive patients undergoing esophagectomy
were included in this study. There were five male and eight
females with a median age of 49 years (range 23 to 73 years).
The majority of the cases (n 11) had squamous cell carcinoma
histology, while 2 had adenocarcinoma. Four patients were
smokers and four had chronic obstructive pulmonary disease.
The rest of the patient’s demographic data is detailed in
Table 1. Three patients underwent laparoscopic-assisted
transhiatal esophagectomy, ten thoraco-laparoscopic-assisted
esophagectomy. Reconstruction was done by the gastric pull-
up via posterior mediastinal route. Vascularity of gastric con-
duit was assessed by the near-infrared camera using ICG dye.

The visual assessment revealed the tip of gastric conduit
was dusky in 11 patients, pink and perfused in 2. Details are
mentioned in Table 2. ICG fluorescence imaging showed

Fig. 3 Visualization of gastric
conduit in different modes on
Stryker’s PIN POINT camera
system

Color Segmented Fluorescent (CSF) mode

- ‘rw

White light

Fig. 4 Assessment of proximal esophageal stump perfusion by ICG
fluorescence

inadequate perfusion at the tip of conduit in 12 patients, ade-
quate in one, requiring revision in 12. There was a discrepancy
in one patient where visual inspection showed adequate per-
fusion, but ICG disclosed poor perfusion requiring revision of
the conduit’s tip. The median time to appearance of blush from
the time of injection of dye was 15 s (10 to 23 s) (Table 3). In
all the cases, the pattern of blush was simultaneous, i.c., the
concurrent appearance of blush in the gastric conduit and
gastro-epiploic arcade. Resection of the devitalized portion
of the proximal esophageal stump was needed in 5 patients
by both visual and ICG assessment. No anastomotic leaks
were recorded in any patient. The median systolic and mean
arterial pressures at the time of injection of ICG dye were 115
and 84 mm of Hg.

Postoperatively, one patient had brain hemorrhage in post-
operative period, requiring craniotomy and decompression
eventually got discharged with residual neurological deficit
at postoperative day 28, one had atrial fibrillation managed
conservatively, another patient had mild proximal muscle
weakness, and self-limiting chyle leak, along with neurapraxia
and extrapyramidal symptoms resolved by promethazine.
Three cases had pneumonia, one had left pleural effusion with
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Table 1  Demographic profile of patients

Case  Age/ Site  Histology  Addictions COPD  Other medical Preoperative Surgery Leak 30 days
gender comorbidities therapy mortality

1 27/F L SCcC Nil No Nil C,P+RT TTE Nil Nil

2 67/M L A Smoker Yes HTN C,P+RT TTE Nil Nil

3 38/F M SCC Nil No Nil Salvage TTE Nil Nil

4 32/F M SCC Nil No Nil C,P+RT TTE Nil Nil

5 47/F M SCC Nil No Nil SFu, Cispl +RT  TTE Nil Nil

6 40/F GEJ] SCC Nil No Nil C,P+RT THE Nil Nil

7 43/ M M SCC Smoker, alcoholic ~ Yes Nil C,P+RT TTE Nil Nil

8 63/M M SCC Smoker Yes DM, CVD,HTN  C,P+RT TTE Nil Nil

9 58/M M SCC Smoker Yes Nil C,P+RT TTE Nil Nil

10 73 /F GE] A Nil No HTN C,P+RT THE Nil Nil

11 54 /F GEJ] SCC Nil No HTN C,P+RT THE Nil Nil

12 49 /M L SCC Nil No Nil C,P+RT TTE Nil Nil

13 68/F L SCC Nil No Nil nil TTE Nil Nil

L lower third esophageal cancer, M middle third esophageal cancer, GEJ gastro-esophageal junctional cancer. SCC squamous cell carcinoma, A
adenocarcinoma, COPD chronic obstructive pulmonary disease, DM diabetes mellitus, CVD cardio-vascular disease, HTN hypertensive, C carboplatin,
P paclitaxel, R7 radiotherapy, 5Fu 5flouro-uracil, Cispl cisplatin, TTE transthoracic esophagectomy, THE transhiatal esophagectomy, Leak anastomotic

leakage

sinus tachycardia, all managed conservatively. The median
hospital stay was 8.5 days (range 7-28 days), and ICU stay
4 days (range 4-28 days). There were no 30 days or in-
hospital mortality.

Discussion

We did a preliminary study to determine the utility and feasi-
bility of ICG fluorescence imaging to evaluate the gastric

Table 2  Details of gastric conduit and proximal esophageal stump

conduit perfusion during an esophagectomy. Near-infrared
fluorescence imaging using ICG is a novel optical technique
for visualizing the blood and lymphatic circulation that has
been gradually adopted in various fields of surgery. This im-
aging appears to be a promising method to determine the
blood supply of the gastric conduit. The right gastroepiploic
artery remains the sole supply of blood for the constructed
gastric conduit during an esophagectomy which makes it of
paramount importance that the entire gastric tube is well per-
fused. Though many factors have a bearing on the

Case  Conduit Dependent ~ Vascularity at the Length of abnormal Revision Proximal segment Revision of
length (cm)  length (cm)  tip of gastric conduit ~ segment from the tip  of gastric revision required (cm)  proximal stump
by visual inspection (in cm) by ICG conduit
assessment
1 28 2 Pink No 1 Yes
2 27 4 Dusky 2 Yes 0 No
3 25 3 Dusky 2.5 Yes 0 No
4 23 4 Dusky Yes 0 No
5 25 2 Dusky 2.5 Yes 1 Yes
6 24 2 Dusky 2 Yes 1 Yes
7 24 3 Dusky Yes 0 No
8 23 6 Dusky Yes 1 Yes
9 22 5 Dusky 4.5 Yes 0 No
10 20 6 Pink Yes 0 No
11 25 1 Dusky 1 Yes 1 Yes
12 21 2 Dusky 2.5 Yes 0 No
13 22 7 Dusky Yes 0 No
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Table 3  The timing from injection of ICG dye to appearance and
pattern of blush

Case no. Time from injection to blush (seconds) Pattern of blush
1 15 Simultaneous
2 17 Simultaneous
3 23 Simultaneous
4 19 Simultaneous
5 21 Simultaneous
6 20 Simultaneous
7 12 Simultaneous
8 15 Simultaneous
9 10 Simultaneous
10 18 Simultaneous
11 10 Simultaneous
12 15 Simultaneous
13 15 Simultaneous

development of anastomotic leakage, blood perfusion is one
of the most crucial causes. Currently, there is no universally
accepted method to assess the perfusion of gastrointestinal
anastomoses. The present study deals with the utility of ICG
fluorescence angiography against the traditional visual assess-
ment in determining vascularity of gastric conduit and proxi-
mal esophageal stump.

Visual Inspection

The viability of the conduit is usually judged by visualization
of'the color, pulsations of the blood vessels, and bleeding from
the cut edges. A study had shown a low predictive value for
anastomotic leaks for surgeons’ clinical risk assessment in
gastrointestinal surgery. For a precise risk determination of
anastomotic leakage, the sensitivity of the surgeon’s predic-
tion was 62% for low colorectal anastomosis and 38% for high
anastomosis, with a specificity of 52% and 46%, respectively
[11]. Studies have also shown that the visual assessment of the
gastric conduit may underestimate perfusion during esopha-
gectomy [12], emphatically underscoring a need for a better
diagnostic test to determine conduit perfusion accurately to
prevent anastomotic leakage. Conforming previous studies,
the present study also shows that visual inspection underesti-
mates the vascularity of the gastric conduit, as seen in one case
as a discrepancy, where visual assessment showed adequate
perfusion and ICG angiography revealed poor perfusion, re-
quiring revision of conduit tip.

Dose Description

Regarding the optimal dose of ICG, there is no consensus. The
dose has been varied from 1.25 to 25 mg per bolus [13]. The

lowest dose is one that allows reliable and precise measure-
ment of perfusion. If the signal is not apparent, an extra bolus
is given. After a few minutes, a new measurement is also
possible. The dose of ICG in the present study has varied from
2.5 to 15 mg. Most of the dose has been given as an extra
bolus for clear visualization of perfusion of gastric conduit and
also for proximal esophageal stump vascularity.

Assessment of Proximal Esophageal Stump

No studies have reported the utility of ICG for determining the
perfusion of the proximal esophageal stump which is equally
important as gastric conduit vascularity in determining anas-
tomotic leakage. Our study has demonstrated that ICG has a
definite role in determining the perfusion of the proximal
esophageal stump, requiring revision in 5 patients.

Timings

The timing of the assessment of gastric conduit perfusion after
injection of ICG dye is very crucial. Once the ICG is injected
intravenously, the subsequent few seconds are essential in
recognizing the conduit perfusion with the maximum possible
resolution (Fig. 2). It is of utmost essential to place the gastric
conduit in an appropriate position on the chest wall with cam-
era ready in ICG imaging mode. Kumagai et al. proposed a
90-s rule to confirm a good blood perfusion at the anastomosis
site. All the anastomoses were created in the area of gastric
conduit that enhanced within 90 s from the initial enhance-
ment of the root of the right gastroepiploic artery. Based on
this rule, the tip needed resection in 50% (35/70), and the
anastomotic site was changed in 18 of those 35 cases. None
of the patients underwent anastomosis at a site with delayed
enhancement after 90 s. One patient out of 70 cases (1.4%)
had an anastomotic leak when the anastomotic site enhanced
after 77 s [14]. The present study also had a stringent protocol
on the timing of ICG dye injection and visualization of perfu-
sion (Fig. 2). Before the injection of ICG, we ensured the
conduit is ready and placed on the chest wall with a
PINPOINT high-definition probe ready in ICG imaging
mode.

Simultaneous Versus Delayed

Koyanagi et al. demonstrated the utility of blood flow speed
by ICG fluorescence in the gastric conduit intraoperatively as
useful tool to predict the risk of anastomotic leakage. Based on
ICG flow speed, they classified the cohort into two groups, a
simultaneous group with similar ICG fluorescence speed in
gastric conduit wall and in greater curvature vessels, and a
delayed group where the ICG fluorescence flow speed was
slower in the gastric conduit wall than the greater curvature
vessels (P <0.001) [15]. Anastomotic leakage developed in
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none (0/25) in the simultaneous group and 46.7% (7/15) of the
cases in the delayed group (P <0.001). In line with the previ-
ous studies, all patients in the present study had a simulta-
neous pattern of blush on the intravenous injection of ICG,
i.e., the concurrent appearance of ICG fluorescence in the
gastric conduit and gastro-epiploic arcade. No patient had a
delayed pattern. The median time to appearance of blush from
the time of injection of dye was 15 s (10 to 23 s). All the
anastomoses were placed in the well-perfused area as delin-
eated by ICG fluorescence. There were no leaks in the present
study.

Reduction of Anastomotic Leakage

The usage of ICG for vascular assessment of the gastric con-
duit before anastomosis is secure and leads to a decrease in
anastomotic leakage rates since the anastomosis is performed
in the well-perfused area. Two meta-analyses found a 70%
risk reduction of anastomotic leakages (OR 0.30, 95% CI
0.14-0.63) [13, 16], and one found a similar 70% risk reduc-
tion in conduit necrosis in the ICG group [13]. Campbell et al.
noted a dramatic decrease in the rate of an anastomotic leak
from 20 to 0% after the introduction of intraoperative perfu-
sion assessment of the gastric conduit with ICG fluorescence
imaging [17].

Still, there exists a significant chance of anastomotic leak-
age even after the introduction of ICG perfusion assessment.
The meta-analysis by Degett et al. showed that the anastomot-
ic leakage rate in patients with esophageal anastomoses and
intraoperative assessment by ICG angiography was 14% [18],
whereas Scooter, in their meta-analysis, found the pooled in-
cidence of anastomotic leakage and graft necrosis in the ICG
group was 11.10% [13]. Change in management included re-
section of the poorly perfused part of the gastric conduit and
change in anastomotic site. Contrastingly, after a change in
management, the pooled incidence of anastomotic leakage
and graft necrosis was surprisingly high, i.e., 14.08% (95%
Cl, 6.55-27.70%) [13].

None of the studies evaluating esophageal anastomoses
had a control group without ICG fluorescent angiographic
assessment. Furthermore, there are no randomized controlled
trials published on this subject. ICG fluorescent angiography
seems to be a promising tool to assess perfusion of gastric
conduit at the site intended for anastomosis.

Conclusion

Visual assessment of the gastric conduit may underestimate
perfusion. ICG fluorescence imaging appears to be a promis-
ing method to assess the perfusion of the gastric conduit dur-
ing esophagectomy. Prospective randomized controlled stud-
ies with adequate numbers of patients are needed to define the

@ Springer

utility of ICG fluorescence imaging in patients undergoing
esophagectomy.
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