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Background: Fluorescent imaging using indocyanine green (ICG) is an emerging technique that aids
the surgeon with intraoperative decision making during upper gastrointestinal cancer surgery. In this
systematic review we aim to provide an overview of current practice of fluorescence imaging using ICG
during esophagectomy, and to show how this technology can prevent surgical morbidity, such as anastomotic
leakage, graft necrosis and chylothorax.

Methods: The PRISMA standard for systematic reviews was used. The PubMed and Embase database were
searched to identify articles matching our systematic literature search. Two authors screened all included
articles for eligibility. Risk of bias was assessed for all included articles.

Results: A total of 25 articles were included in this review: 22 articles on perfusion assessment, and
three on the detection of chyle fistula. Five out of 22 articles concerning perfusion assessment evaluated
fluorescence signals in quantitative values. In 20 articles the pooled incidence of anastomotic leakage and
graft necrosis in the ICG group was 11.10% (95% CI: 8.06-15.09%) and in eight studies the pooled change
in management rate was 24.55% (95% CI: 19.16-30.88%). After change in management, the pooled
incidence of anastomotic leakage and graft necrosis was 14.08% (95% CI: 6.55-27.70%). A meta-analysis
showed that less anastomotic leakages and graft necrosis occur in the ICG group (OR 0.30, 95% CI: 0.14—
0.63). Three case-reports (N=3) were identified regarding chyle fistula detection, and ICG lymphography
detected the thoracic duct in all cases and the chyle fistula in one case.

Conclusions: Fluorescence imaging using ICG is a promising and safe technology to reduce surgical
morbidity after esophagectomy with continuity restoration. ICG fluorescence angiography showed a
reduction in anastomotic leakage and graft necrosis. Future studies are needed to demonstrate the feasibility
of ICG lymphography for chyle fistula detection.
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Introduction

Fluorescent imaging using indocyanine green (ICG) is
an emerging method during cancer surgery that aids
the surgeon with intraoperative decision making. The
technology is gaining clinical acceptance in many surgical
fields (1-4), including upper gastrointestinal cancer
surgery. One of the most common types of cancer in the
upper gastrointestinal tract is esophageal cancer, with the
incidence still increasing (5,6). Treatment of esophageal
cancer is a multidisciplinary effort with (neo-)adjuvant
chemotherapy or chemoradiotherapy and surgery, of
which surgical resection with lymphadenectomy remains
the cornerstone of treatment for curative intent. Although
esophagectomy improves overall survival, it comes at the
cost of surgical morbidity and mortality.

Anastomotic leakage and graft necrosis are feared
complications occurring in 5-20% after esophagectomy
with continuity restoration and are associated with a
high mortality (7). Among the risk factors that influence
anastomotic integrity, poor perfusion is a surgically
modifiable factor. Intraoperative real-time fluorescence
angiography using ICG can assess perfusion, thereby
enabling precise delineation of the ideal site for anastomosis
and assessment of final anastomotic vitality. However, no
quantitative threshold of the fluorescence signal is known
for adequate perfusion.

Another complication after esophagectomy is
chylothorax, and occurs in up to 4% of the patients (8,9). If
the chyle leak cannot be managed conservatively, surgical
exploration with ligation of the thoracic duct is necessary
in rare cases. However, despite preoperative imaging,
identifying the thoracic duct and chyle fistula during
reoperation is often difficult due to post-operative changes.

In this systematic review we aim to provide an overview
of the use of fluorescence imaging with ICG during
esophagectomy and to investigate how this technology
could prevent surgical morbidity. Our main interest is in

Table 1 PubMed search

Slooter et al. Use of ICG in upper gastrointestinal surgery

the following surgical applications: anastomotic perfusion
assessment and detection of chyle fistula. Furthermore,
we aim to report what studies have been performed on
the evaluation of anastomotic fluorescence angiography in
quantitative values.

Methods
Article inclusion

The PRISMA standard for systematic reviews was used.
A PubMed and Embase database search was conducted
in November 2018 to identify all relevant articles on
ICG fluorescent imaging during upper gastrointestinal
cancer surgery (Zable I). Title and abstract were screened
by two authors (MD Slooter and W] Eshuis) to meet
predetermined criteria (7able SI). Conflicts were discussed
in order to reach consensus. The reference lists of included
articles were scanned to potentially obtain additional
articles.

Subsequently two authors (MD Slooter and W] Eshuis)
performed full-text screening for eligibility. To meet
the eligibility criteria, manuscripts had to be full-text,
presenting original data on at least one of the surgical
applications of interest: anastomotic perfusion assessment or
detection of chyle fistula. For articles concerning perfusion
assessment, case-reports, and safety and/or feasibility studies
were excluded. Conflicts on the eventual in- or exclusion of
an article were discussed in order to reach consensus.

Outcomes

Studies on perfusion assessment had to record the
correlation of fluorescence angiography to clinical outcome
(particularly anastomotic leakage and/or graft necrosis),
intraoperative change in management due to fluorescence
angiography results and/or evaluation of fluorescence in
quantitative values. Outcomes of interest for chyle fistula

Subject Search terms

ICG (“Indocyanine Green”[Mesh] OR indocyanine green[tiab] OR ICGltiab])

Upper gastrointestinal  (“Upper Gastrointestinal Tract”[Mesh] OR “Esophageal Neoplasms”[Mesh] OR “Stomach Neoplasms”[Mesh] OR

cancer surgery

“Esophagectomy”[Mesh] OR upper gastrointestinal surger*[tiab] OR upper gastrointestinal cancer*[tiab] OR gas-

tric tube*[tiab] OR gastric conduit*[tiab] OR esophagectom*[tiab] OR oesophagectom*[tiab] OR esophageal
cancer*[tiab] OR oesophageal cancer[tiab] OR esophageal neoplasm*[tiab] OR oesophageal neoplasm*[tiab] OR
stomach cancer*[tiab] OR stomach neoplasm*[tiab])

ICG, indocyanine green.
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Figure 1 PRISMA flow diagram.

detection were: visualisation of the thoracic duct or chyle
fistula.

Quality assessment

Quality assessment was performed for all included articles
to detect potential bias using the Newcastle-Ottawa scale
for cohort studies. Quality assessment was executed by two
authors (MD Slooter and WJ Eshuis), and conflicts were

discussed in order to reach consensus.

Statistics

Incidence rates were pooled when more than three
studies (with a total N>10 patients) recorded similar
outcomes. Pooled incidence rates were calculated using
an inverse variance method in RStudio version 1.1.453 (R
Foundation for Statistical Computing, Vienna, Austria)
with corresponding 95% confidence interval (CI). A
meta-analysis using the Mantel-Haenszel method, to
compare ICG to non-ICG, was conducted in Review
Manager version 5.3 (Cochrane Collaboration, Oxford,
UK). The outcome was displayed as an odds ratio (OR)
with corresponding 95% CI. Heterogeneity was assessed
with the Cochran’s Q test (significance level at P<0.05)
and quantification of heterogeneity was achieved by the I’
test (low: 0-25%, moderate: 25-50%, large: 50-75%, and
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very large: >75%). A random effects model was used when
Cochran’s Q test was not significant or I’ test was moderate
to very large.

Results

Some 463 articles were screened of which 408 were
excluded after title and abstract screening and another 30
articles after subsequent eligibility screening. A total of
25 articles were included in this review: 22 on perfusion
assessment, and three on the detection of chyle fistula. A
PRISMA flow diagram is shown in Figure 1.

Perfusion assessment

Twenty-two observational studies were identified, including
11 prospective, nine retrospective studies and five studies
that included a non-exposed cohort. The articles were of
poor to good quality (Zable 2).

Twenty studies assessed perfusion of the gastric conduit
before anastomotic reconstruction (10-29) (Table 3).
To assess perfusion, ICG (1.25-25 mg) was injected
intravenously during the surgical procedure and the
fluorescence signal was detected within a minute after
injection. Seven different near infrared camera systems were
used for fluorescent detection. No adverse events due to
ICG were reported in any of the studies.

7 Thorac Dis 2019;11(Suppl 5):S755-S765
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Table 2 Quality assessment of studies in the meta-analysis

Slooter et al. Use of ICG in upper gastrointestinal surgery

Selection Comparability Outcome
Study Total score
1) 2) 3) 4)  Score 1) Score 1) 2) 3) Score

Perfusion gastric conduit
Campbell et al. (10) a a a a kkkxk a,b * % b a a * % Kk Good
Dalton et al. (11) a a a a *xkkk a,b * * b a a * * Kk Good
Ishige et al. (12) a c a a kkkx - ek b a a * % * Poor
Karampinis et al. (13) a a a a Kkkkx a,b * b b a * Yok Good
Kitagawa et al. (14) a c a a  kkkk - et b a a * % % Poor
Kitagawa et al. (15) a c a a kokkxk - o b a a * %k k Poor
Koyanagi et al. (16) a c a a  xkkk - RARAY b a a * * Kk Poor
Kubota et al. (17) a o] a a ki - Pig e b b a * Yok Poor
Kumagai et al. (18) a c a a kkkk - et b b a * %k Poor
Kumagai et al. (19) a c a a kkkxk - ok b a a * % k Poor
Murawa et al. (20) a c a a kkkx - He e b a a * %k K Poor
Noma et al. (21) a a a a Khkkxk a,b * % b a a * % Kk Good
Ohi et al. (22) a a a a kkkxk a,b * % b a a * % Kk Good
Pacheco et al. (23) a c a a okkxk - Pigid b a a * K K Poor
Rino et al. (24) a c a a kkkx - He e b a a * %k K Poor
Sarkaria et al. (25) a c a a kfkx - e b a a * %k Poor
Shimada et al. (26) a o] a a kfkk - P g d b a a * % K Poor
Schlottman et al. (27) a c a a kfkxk - e b a a * K * Poor
Yukaya et al. (28) a c a a  kkkk - et b a a * * Kk Poor
Zehetner et al. (29) a c a a ko - ek b a a * % * Poor

Perfusion other
Kamiya et al. (30) a c a a  kkkk - et b a a * % * Poor
Nakashima et al. (31) a c a a kokkxk - ok b a a * % k Poor

Chyle fistula
Kaburagi et al. (32) a o] a a ki - bigd b a a * % K Poor
Kamiya et al. (33) a (o] a a kkxk - Pigid b a a * % K Poor
Matsutani et al. (34) a c a a kkkxk - e b a a * k Kk Poor

*, star awarded; >, no star awarded.

The pooled incidence of anastomotic leakage and
graft necrosis in the ICG group was 11.10% (95% CI:
8.06-15.09%) (Figure 2). Eight studies reported change
in management due to fluorescence angiography using
ICG and the pooled change in management rate was

24.55% (95% CI: 19.16-30.88%) (Figure 34). Change in

management included resection of the poorly perfused
part of the gastric conduit and change in anastomotic site.
After change in management, the pooled incidence of
anastomotic leakage and graft necrosis was 14.08% (95%
CI: 6.55-27.70%) (Figure 3B).

We included five studies with a non-exposed cohort in a
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Table 3 Included studies: perfusion assessment of gastric conduit during esophageal resection

Study Study design ICG method (mg, IV) Imaging system
Campbell et al. (10) Retrospective 5 (+ Doppler) SPY Imaging System?
Dalton et al. (11) Retrospective 7.5 PinPoint System"”
Ishige et al. (12) Prospective 1.25 Olympus®
Karampinis et al. (13) Retrospective 7.5 PinPoint system®
Kitagawa et al. (14) Retrospective 5 HyperEye Medical System®
Kitagawa et al. (15) Retrospective 5 HyperEye Medical System®
Koyanagi et al. (16) Prospective 1.250r25 Photodynamic Eye®
Kubota et al. (17) Prospective 0.5 mg/kg HyperEye Medical System®
Kumagai et al. (18) Prospective 2.5 Photodynamic Eye®
Kumagai et al. (19) Prospective 2.5 Photodynamic Eye®
Murawa et al. (20) Prospective 25 IC-VIEW'

Noma et al. (21) Retrospective 12.5 Photodynamic Eye®
Ohi et al. (22) Retrospective 2.5 Photodynamic Eye®
Pacheco et al. (23) Retrospective NR SPY Imaging System?
Rino et al. (24) Prospective 2.5 Photodynamic Eye®
Sarkaria et al. (25) Prospective 10 SPY Imaging System?®
Shimada et al. (26) Retrospective 2.5 Photodynamic Eye®
Schlottman et al. (27) Prospective 5 IMAGE1 STORZ®
Yukaya et al. (28) Prospective 0.1 mg/kg HyperEye Medical System®
Zehetner et al. (29) Prospective 2.5 SPY Imaging System?

a, Novadaq, Bonita Springs, FL, USA; b, Novadaq, Ontario, Canada; c, Olympus, Tokyo, Japan; d, Mizuho lkakogyo Co., Ltd.,
Tokyo, Japan; e, Hamamatsu Photonics K.K, Hamamatsu, Japan; f, Pulsion Medical Systems, Munich, Germany; g, KARL STORZ
Endoscopy-America, Inc., El Segundo, CA, United States of America. ICG, indocyanine green.

meta-analysis to compare ICG to non-ICG on anastomotic
leakage and graft necrosis (Figure 4). Campbell et al.
studied the effect of the combination of ICG fluorescence
angiography and Doppler examination in 30 patients (10),
of which nine with Doppler only. In the meta-analysis, the
patients assessed by Doppler only were excluded. The meta-
analysis analysis showed that less anastomotic leakages and
graft necrosis occur in the ICG group (OR 0.30, 95% CI:
0.14-0.63).

Kitagawa et al. (2015 and 2018) used fluorescence
angiography to determine the shape of the gastric conduit
(14,15). They correlated outcomes of fluorescence
angiography to anastomotic leakage and compared the
results in two groups: ICG before (N=46) and after (N=26)
gastric conduit reconstruction (15). The results showed a
tendency towards lower leak rates, although it did not reach

© Journal of Thoracic Disease. All rights reserved.
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statistical significance (6.5% vs. 15.4%; P=0.244).
Furthermore, we identified two articles that used
fluorescence angiography for different purposes than the
assessment of gastric conduit perfusion: one article studied
the perfusion of a free jejunal graft (30) and one the perfusion
of a pedicled omental flap (31). The first study by Kamiya
et al. will be discussed below (see ‘Quantification’) (30).
Nakashima ez a/. reported fluorescence angiography of
the pedicled omental flap on cervical anastomosis after
esophagectomy, and poorly perfused omental tissue was
excised on the demarcation line (31). Anastomotic leakage
occurred in one out of 38 patients (2.6%) in that series.

Quantification

We identified five out of 22 articles that evaluated

7 Thorac Dis 2019;11(Suppl 5):S755-S765
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Events per 100

Study Events Total observations Events 95%-Cl Weight
Campbell 2015 0 21— 0.00 [0.00;16.11]  1.4%
Dalton 2017 2 20 — & —— 10.00 [1.23;31.70] 4.2%
Ishige 2018 0 20 %—— 0.00 [0.00;16.84] 1.4%
Karampinis 2017 1 33 & 3.03 [0.08;15.76] 2.6%
Kitagawa 2015 6 51 —— 11.76 [4.44,2387] 8.1%
Kitagawa 2018 7 72 W— 9.72 [4.00;19.01] 8.8%
Koyanagi 2016 7 40 —— 17.50 [7.34;32.78] 8.4%
Kubota 2013 0 5= 0.00 [0.00;52.18] 1.4%
Kumagai 2014 2 20 —®— 10.00 [1.23;31.70] 4.2%
Kumagai 2018 1 70 ®— 143 [0.04; 7.70] 2.7%
Murawa 2012 1 5 = 20.00 [0.51;71.64] 22%
Noma 2018 6 71 B — 8.45 [3.16;17.49] 8.3%
Ohi 2017 1 59 #— 1.69 [0.04; 9.09] 26%
Pacheco 2013 2 = 18.18 [2.28;51.78] 3.9%
Rino 2011 5 33 ——— 1515 [5.11;31.90] 7.3%
Sarkaria 2014 2 30 ®&— 6.67 [0.82;22.07] 4.3%
Shimada 2011 3 36 —E— 8.33 [1.75;22.47] 5.6%
Schlottman 2017 0 5® 0.00 [0.00;52.18] 1.4%
Yukaya 2015 9 27 — 33.33 [16.52;53.96] 8.6%
Zehetner 2015 24 144 i 16.67 [10.98; 23.78] 12.4%
Random effects model 773 <= 11.10 [ 8.06; 15.09] 100.0%

Heterogeneity:/2 40%,1%= 02117, p=003 ' | ' T T T 1
0 10 20 30 40 50 60 70

Figure 2 Pooled incidence of the ICG group in patients undergoing esophageal resection and gastric tube reconstruction. ICG, indocyanine

green.

A Events per 100
Study Events Total observations Events 95%-Cl Weight
Dalton 2017 6 20 — 30.00 [11.89;54.28] 11.0%
Ishige 2018 6 20 — & 30.00 [11.89;54.28] 11.0%
Karampinis 2017 6 20 B E— 30.00 [11.89; 54.28] 11.0%
Kumagai 2018 18 70 —.— 25.71 [16.01; 37.56] 35.0%
Murawa 2012 4 15 —— 26.67 [7.79;55.10] 7.7%
Ohi 2017 9 59 —— 15.25 [7.22;26.99] 20.0%
Pacheco 2013 0 i 0.00 [0.00; 28.49] 1.3%
Schlottman 2017 2 5] 40.00 [5.27;85.34] 3.1%
Random effects model 220 = 24.55 [19.16; 30.88] 100.0%
Heterogeneity:l2 =0%, = 0,p =0.51 : ! ! ! l
0 20 40 60 80
B Events per 100

Study Events Total observations Events 95%-Cl Weight
Dalton 2017 2 6 : B 33.33 [4.33;77.72] 25.0%
Ishige 2018 0 6 0.00 [0.00;45.93] 8.7%
Karampinis 2017 1 g —l————— 16.67 [0.42;64.12] 15.6%
Kumagai 2018 1 18 M— 5.56 [0.14;27.29] 17.7%
Murawa 2012 0 4 B ; 0.00 [0.00;60.24] 8.4%
Ohi 2017 1 o —l—— 11.11 [0.28;48.25] 16.7%
Schlottman 2017 0 2 B : 0.00 [0.00;84.19] 7.8%
Random effects model 51 == : 14.08 [6.55; 27.70] 100.0%

T T T T
0 20 40 60 80

Heterogeneity:l2 = 0%, 2= 0,p=0.80

Figure 3 Change in management in patients undergoing esophageal resection and gastric tube reconstruction due to fluorescence

angiography using ICG. (A) Pooled change in management rate; (B) pooled leaks in change in management group. ICG, indocyanine green.
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Odds Ratio
M-H, Random, 95% CI

ICG non-ICG

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year
Campbell 2015 0 21 12 60 6.3%

Dalton 2017 2 20 1 20 8.3%

Karampinis 2017 3 35 10 55 24.8%

MNoma 2017 B 71 54 214 491%

Ohi 2017 1 53 9 61 11.5%

Tetal (95% CI) 206 410 100.0%

Total events 12 86

Heterogeneity: Tau® = 0.08; Chi* = 4.44 df =4 (P = 0.35); 12 = 10%
Test for overall effect: Z =3.21 (P = 0.001)

0.09[0.01, 1.58] 2015
2.11[0.18, 25.35) 2017
0.42[0.11, 1.66] 2017
0.27 [0.11, 0.67] 2017
0.10[0.01,0.81] 2017 — =

0.30 [0.14, 0.63]

—_—

——

-

0.01 0.1 1 10 100
Favours [ICG] Favours [non-1CG)

Figure 4 Meta-analysis ICG vs. non-ICG. In patients undergoing esophagectomy with gastric tube reconstruction with fluorescence

angiography using ICG, anastomotic leakages are less likely to occur. ICG, indocyanine green.

fluorescence angiography in quantitative values
(12,16,19,28,30).

Kumagai ez al. proposed a 90-second rule: all anastomoses
were reconstructed in the area that was enhanced within
90 seconds after initial enhancement at the distal end of the
gastric conduit (19). The tip was excised in 50% (35/70),
and in 18 of those 35 cases there was change in anastomotic
site (initial enhancement after median 95.5 seconds to
41.0 seconds after excision). In none of the patients the
anastomosis was performed at a site with enhancement after
more than 90 seconds. Anastomotic leakage occurred in
one out of 70 cases (1.4%) at an anastomotic site that was
enhanced after 77 seconds.

Three articles evaluated the fluorescence signal using
time-fluorescence intensity curves (12,28,30). Ishige er al.
showed ‘normal’ curves (characterized by a sharp high peak
followed by rapid decline to plateau level) for gastric tissue
before disconnection of perigastric vessels (12). After gastric
conduit reconstruction, the curves at the anastomotic
site showed a ‘normal’ pattern in 30% (6/20) and a
‘gradual’ pattern in the other cases. However, no leakages
occurred. Yukaya et 4/. identified three types of curves:
a normal, inflow delayed and outflow delayed type (28).
Anastomotic leakage occurred in 23.1% (3/13) in the
normal type, 44.4% (4/9) in the inflow delayed type and
40% (2/5) in the outflow delayed type, with no significant
difference among the types. Kamiya ez al. assessed ICG flow
of free jejunal grafts and identified delayed increase of ICG
fluorescence in five out of 26 patients (30). In those patients
the anastomosis was revised and no leakage occurred. In
two out of 21 cases with ‘good’ perfusion, graft necrosis
developed.

Koyanagi ez al. classified two groups according to ICG
flow speed (cm/s): a simultaneous group with similar speed

© Journal of Thoracic Disease. All rights reserved.
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in gastric conduit wall and that of the greater curvature
vessels, and a delayed group where the ICG fluorescence
was obviously slower in the gastric conduit wall compared
to the greater curvature vessels (P<0.001) (16). Anastomotic
leakage developed in 0% (0/25) in the simultaneous group
and in 46.7% (7/15) in the delayed group (P<0.001).

Chyle fistula detection

Three articles were identified regarding ICG lymphography
to detect the thoracic duct and chyle fistula. All articles
were case-reports and ICG lymphography was applied in
the setting of a reoperation in all reported cases (32-34).
ICG lymphography was reported in a total of three
patients (aged 62-70 years) who developed a chylothorax
after esophagectomy for cancer. Patients underwent
reoperation at day 10 (N=1) or day 28 (N=2) after the
initial procedure. During all procedures the chyle fistula
could not be identified by conventional assessment. To
perform fluorescence lymphography, ICG was either
injected subcutaneously at the bilateral inguinal region
(1.5 mL, 0.5%) (33,34) or into the mesentery of the small
bowel (2 mL, 0.5%) (32). The thoracic duct was detected
10-14 minutes after subcutaneous injection at bilateral
inguinal region (33,34). The thoracic duct was detected in
all cases and the chyle fistula in one case.

Discussion

In this systematic review we identified literature on
fluorescence imaging using ICG during esophagectomy to
prevent surgical morbidity. The use of ICG for perfusion
assessment of the gastric conduit before anastomosis is
safe and leads to a reduction in anastomotic leakage and

7 Thorac Dis 2019;11(Suppl 5):S755-S765
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NIRF White light Merge NIRF White light Merge NIRF White light

Merge

Figure 5 Gastric conduit fluorescence angiography during
thoraco-laparoscopy. Three different cases in our center are
shown. White light is the normal camera view, NIRF the Near
InfraRed Fluorescence signal, and Merge the overlay between
the white light and NIRF with the fluorescent signal displayed in
‘pseudogreen’. GC is the gastric conduit and L lung tissue. Images
were taken within 90 seconds after first fluorescent enhancement
in the gastric conduit. (B,C) Two cases of a well-perfused planned
anastomotic site are shown. The green line indicates the planned
and final anastomotic site. (B) The entire gastric tube is well-
perfused. (C) The tip of the gastric tube is poorly perfused, but this
has no consequence for management as the anastomotic site is well
perfused. (A) A case of change in management due to fluorescence
angiography is shown. The red line indicates the planned
anastomotic site. After fluorescence angiography the anastomosis

was constructed at the green line.
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graft necrosis (OR 0.30, 95% CI: 0.14-0.63). The three
case-reports we identified regarding chyle fistula detection
during reoperation for chylothorax, reported a successful
detection of the thoracic duct in all cases and of the chyle
fistula in one case.

The pooled results show that fluorescence angiography
has an added value, as change in management occurs
in 25%, and less anastomotic leakages are found when
fluorescence angiography is used as compared to when
it is not used. However, anastomotic leakages still occur
in the group of patients who underwent a change in
management due to fluorescence angiography (14%). This
relatively high percentage of leakage can be explained
by anastomotic tension and selection bias in a patient
group with relatively worse vascularization to begin with.
Achieving an anastomosis in the perfused area might come
at the cost of an anastomosis under tension. In Figure 54,
a case of change in management due to fluorescence
angiography in our center is shown. Additional resection of
the poorly perfused gastric conduit (between red and green
line) may cause more tension on the anastomosis, although
perfusion is better at the chosen site. The gastric conduits
in the ‘change in management’ group are more at risk.
In this group, perfusion of the gastric conduit is deemed
insufficient in such an extent that the surgeon considered
change in management. Even if fluorescence angiography
shows delineation of good versus poor perfusion, continuity
restoration is one of the main goals during esophagectomy
that should be pursued whenever possible.

There is no consensus on the dose of ICG. The dose
varied from 1.25 to 25 mg per bolus. The lowest dose
already allows a clear and reliable measurement, but is
too low in some cases (experience in our center). A high
dose might interfere with a second measurement, as the
background signal remains high. Our recommendation
would be a dose of 0.05 mg/kg/bolus in case of gastric
conduit perfusion evaluation. If the signal is not clear, an
extra bolus of 2.5 mg of ICG can be given. After 15 minutes
a new measurement is possible. In this way anastomotic
perfusion can be assessed before and after anastomotic
construction. Figure 5 shows examples of gastric conduit
perfusion assessment with ICG in our center: Figure 5B,C
demonstrate well-perfused planned anastomotic sites, and
5C shows a case with change in management.
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Although fluorescence angiography using ICG allows
a feasible real-time assessment of perfusion, the lack
of objectivity and a threshold for adequate perfusion
is a major limitation. Quantification of the fluorescent
signal may overcome this limitation and is important to
strengthen the added value of the technology in the future.
Time to fluorescent enhancement is an easy quantitative
parameter (19), and can be already applied without
additional software. Time-fluorescence intensity curves are
promising quantitative values, and might be useful in the
future when correlated to anastomotic leakage and graft
necrosis.

The use of a pedicled omental flap for wrapping the
anastomosis is well-established, as a meta-analysis showed
significant reduction in the anastomotic leakage rate (3%
vs. 12%; P<0.01) (35). In these procedures, fluorescence
angiography might further improve patient outcomes in the
future by reducing the risk of necrotic omental tissue.

Evidence on thoracic duct and chyle fistula detection is
limited. However, the thoracic duct was detected after ICG
injection in all described cases that were reviewed. When a
chyle leak is suspected during the initial procedure or when
it is difficult to locate the leak during reoperation, surgeons
could consider this method.

Limitations of this review are the limited number
and the quality of articles. Poor quality was mainly due
to absence of a non-exposed cohort. Furthermore, a
meta-analysis by Ladak er /. was recently published on
fluorescence angiography to assess the perfusion of the
gastric conduit (36). In this review we identified two extra
articles, not including a non-exposed cohort (12,19). Ladak
et al. address anastomotic leakage only, while we included
graft necrosis in the outcomes, as ICG fluorescence
angiography should prevent this complication from
occurring. In the present review we excluded Kitagawa
et al. from the meta-analysis. Kitagawa et 4/. (2015 and
2018) performed fluorescence angiography to guide gastric
conduit reconstruction and compared two groups before
and after gastric conduit reconstruction (14,15). We
interpreted that both groups received perfusion assessment
before anastomotic reconstruction and therefore included
all patients in the ICG group. We also excluded patients
that received perfusion assessment with Doppler only from
the analysis (10). However, we found similar outcomes:
Ladak er a/. found a pooled incidence of 10% and an OR of
0.31 (95% CI: 0.15-0.63) compared to 11% and an OR of
0.30 (95% CI: 0.14-0.63) found in our review.
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Conclusions

Fluorescence imaging using ICG is a promising and
safe technology to reduce surgical morbidity after
esophagectomy with continuity restoration. Future studies
are needed to confirm risk reduction in anastomotic leakage
and graft necrosis by ICG fluorescence angiography and
to demonstrate the feasibility of ICG lymphography for
thoracic duct and chyle fistula detection.
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Supplementary

Table S1 Ciriteria title and abstract screening

Inclusion

Exclusion

Intra-operative fluorescent imaging using ICG?

Used during esophagectomy for: perfusion assessment of gastric conduit
reconstruction or other reconstruction; chyle fistula detection

In human studies

Patients aged >18 years

Other language than English

For the use of ICG?® for perfusion: excluding case reports

Video vignettes or comments
Narrative reviews
Use of ICG? not in the upper GI° field

Use of fluorescent imaging without ICG®

2 indocyanine green; °, gastrointestinal. ICG, indocyanine green.



