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Abstract: Despite nowadays minimally invasive surgery is the standard approach for treatment of
right colorectal cancer, surgical technique is not yet standardized and severe complications, such as
anastomotic leakage, are still reported. Furthermore, some aspects of the technique, as the extension of
the lymphadenectomy, are still debated. In recent years, indocyanine green (ICG) fluorescence imaging
was introduced in laparoscopic surgery to provide more detailed anatomical information. Based on our
experience in the use of ICG fluorescence technology and through a review of literature, this paper defines
the possible different applications and potential advantages of ICG fluorescence imaging during laparoscopic
right colectomy. A literature search was performed using PubMed, Embase and Cochrane Library database
to identify relevant articles on ICG fluorescence guided surgery and laparoscopic right colectomy. In more
detail, the paper describes the application of ICG fluorescence angiography to check bowel perfusion intra-
operatively and its association with a lower rate of anastomotic leakage, when compared with standard
approach. Then, it defines the sentinel lymph node mapping technique, with its possible application in
early colon cancer and the importance of lymphatic mapping in detecting aberrant metastases. Finally,
experimental applications, such as ureters and tumor tissue identification through fluorescence guided

surgery and their potential developments in the future, are reported.
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Introduction

Compared with open surgery, the minimally invasive
technique for treatment of right colon cancer presents
several advantages that were extensively demonstrated (1).
Laparoscopy can achieve the same oncological outcomes
of traditional surgery so it is widely diffused (2). However,
as every surgery, this technique presents a percentage of
complications like anastomotic leakage and visceral injuries.
Moreover, some aspects of the technique, as the extension
of the lymphadenectomy, are still debated.

In recent years, indocyanine green (ICG)-enhanced
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fluorescence was introduced in laparoscopic surgery
to improve the view and provide detailed anatomical
information during surgery (3). Indocyanine-green is a
sterile, anionic, water soluble but relatively hydrophobic,
tricarbocyanine molecule, which was approved for clinical
use in 1959 by the Food and Drug Administration (FDA) (4).
After intravenous injection, ICG rapidly bounds to plasma
protein, especially lipoproteins, with minimal leakage
into the interstitium. This dye has no known metabolites.
It is rapidly extracted by the liver without modifications
and excreted in unconjugated form in the bile about eight
minutes after injection, depending on liver functionality and
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vascularization (4,5). When injected outside blood vessels
(e.g., into the normal tissue close to tumors), ICG binds to
proteins and is found into the lymph, reaching the nearest
lymph node usually within 15 minutes. After one-two
hours it binds to the regional lymph nodes, deposited into
macrophages (6-8).

The standard dose commonly administered in clinical
practice is 0.1-0.5 mg/mL/kg, which is well below the
toxicity level and has practically no adverse effects (4).

ICG becomes fluorescent when excited either by a laser
beam (9), or by near-infrared light at about 820 nm and
longer wave lengths (10). The fluorescence released by ICG
can be detected using specifically designated scopes and
cameras.

ICG fluorescence imaging has found several
different applications in colorectal surgery aiming in
reducing complications, such as anastomotic leakage,
clarifying anatomic landmarks and as a guidance for
lymphadenectomy. To date, the clinical and experimental
applications of ICG are: ICG-fluorescence guided
angiography for bowel perfusion control, lymphography
for sentinel nodes detection and lymphatic mapping,
intraoperative ureter identification, intraoperative tumor
identification.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/ales-20-60).

Methods

A literature search was performed using PubMed, Embase
and Cochrane Library database to identify relevant articles
on ICG fluorescence guided surgery and laparoscopic
right colectomy. with searching keywords of “indocyanine
green”, “ICG”, “fluorescence”, “fluorescent angiography”,
“anastomotic leak/age”, “bowel perfusion”, “perfusion

» o«

assessment”,

o« » o«

colorectal surgery”, “right colectomy”, “right
colon”, “lymphadenectomy”, “fluorescence lymphography”,
“lymphatic mapping”, “ureter visualization”, “tumor
identification” and using the Boolean operator “OR”,
“AND?” for each keyword.

Discussion

ICG-fluorescence guided angiography for bowel perfusion

control

Anastomotic leakage represents the most concerning
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postoperative complication in colorectal surgery. The
reported average leak rate is 1-8% for ileo-colic anastomosis
and up to 10-30% for low colorectal anastomosis with
adverse impact on post-operative outcomes (11-13). The
rate of patients who need surgical revision ranges from 10%
to 35% (14), with a mortality rate of 6-22% (15). All these
consequences reflect an increase of costs: it was estimated
that a significant leakage, or a severe complication, increases
the cost by a factor of five (16,17).

Even though multiple conditions have been identified
as responsible for anastomotic leakage (e.g., patient’s risk
factors, suture materials, surgical devices, inadequate
anastomotic blood supply), the pathogenesis is still
unclear (18). A common determining factor of viability
is adequate arterial perfusion to ensure sufficient local
tissue oxygenation (19). Consequently, detection of bowel
ischemia or hypoperfusion intraoperatively may reduce the
risk of anastomotic leakage.

The most widely used method to evaluate tissue
perfusion is surgeon intraoperative judgment based on
clinical findings such as serosal-mucosal color, bleeding
edges of resected margins, pulsation of marginal vessels,
temperature and peristalsis. All these methods present
limitations because they are based on totally subjective
evaluation and intraoperative ischemic bowel demarcation
may require extended time. Since it has been demonstrated
that surgeon’s ability to predict anastomotic leakage is
inaccurate, with a sensitivity of 61.3% and a specificity of
88.5% (20), more objective evaluation of vascular supply
is required. Other techniques to determine anastomotic
perfusion are Doppler-flowmetry and pH-reading in the
colon, but are time consuming and not very convincing (21).

Due to the ability of ICG to become fluorescent once
excited, this dye can be injected intravenously to obtain
a real-time angiography in order to evaluate vascular
anatomy and bowel perfusion. As regards laparoscopic right
colectomy, three are the possible applications of ICG real-
time intraoperative angiography:

(I)  Check bowel perfusion before, and eventually after,

performing ileo-colic anastomosis;

(II) Clarify vascular anatomy during dissection. Some
anatomical regions, like hepatic flexure that is
on the border between two vascular districts, can
present an unclear and variable vascular anatomy.
Therefore, the vascular dissection and pedicle
ligation can be performed on the guide of a real-
time angiography of tumor area (22). ICG can be
injected in small boluses of 3-5 mL each (0.4 mg/
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Figure 1 ICG fluorescence angiography with adequate perfusion
of ileum and colonic stumps before performing ileocolic

anastomosis.

mL/kg), recording the real-time fluorescence (23);

(IIT) Assessment of ileo-colic anastomotic perfusion in

case of surgical revision due to anastomotic leakage.
It has been demonstrated that re-laparoscopy is a
safe and effective method to confirm diagnosis and
treat early post-operative complications following
colorectal surgery, in selected patients (24,25).
Therefore, since inadequate bowel perfusion is not
always responsible for anastomotic leakage, ICG
fluorescence angiography can be used to assess
the perfusion and help the surgeon in choosing
the most appropriate treatment (e.g., a primary
repair of enterotomy or staple line defect can be
performed in case of adequate bowel perfusion, in
selected patients).

As concerns technique, in order to evaluate bowel
perfusion, diluted ICG is injected intravenously using a
bolus of 3 mL at a concentration of 0.2 mg/kg. The bolus
is given prior to bowel anastomosis to confirm adequate
vascularization of the proximal and distal stumps (Figure I).
In case of an ischemic area, this allows a further resection of
the stump prior to performing the anastomosis (Figure 2).
It is recommendable to test the perfusion with the bowel
segments in their definitive position after anastomosis,
to be sure that the perfusion does not change due to any
tension or anatomic factors occurring after anastomosis. If
extracorporeal bowel division is to be performed, adequate
visualization is feasible only with the operating room
lighting turned off, because room lighting might interfere
with fluorescence detection sensitivity of the near-infrared
camera (22,26).

According to literature, ICG-fluorescence angiography
is considered safe, feasible and does not require extensive
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Figure 2 ICG fluoresce angiography detecting an ischemic area of

the colonic stump.

learning curve to be applied. To date, no complications
attributable to the use of the technique were recorded, so
it is easily applicable. The mean added surgical time is on
average less than 5 minutes to the total duration of the
surgical procedure (27).

"Two systematic review have analyzed the efficacy of ICG
fluorescence imaging in reducing the anastomotic leakage
rate after colorectal surgery (27,28).

The review of van de Bos et 4/. included 10 studies
and compared a group of 894 patients who underwent
surgery with ICG fluorescence angiography with a group
of 434 patients without it. Fluorescence imaging changed
the surgical plan in 10.8% of all ICG cases. Anastomotic
leakage was significantly less prevalent in ICG group (3.5%)
than in the control group (7.4%). This may be considered
an indication of the benefit of the technique, improving
surgeons’ ability to detect areas of poor blood supply. The
ability of fluorescence imaging to change the surgical plan
with positive outcome in operative results reflects its value.
An anastomotic leak rate of 8.9% was found after revision
of the surgical plan, compared to 2.8% in the patients with
initial good fluorescence signal. This could mean that a
good fluorescence signal is predicting a good outcome,
while a lesser fluorescent signal could mean a higher risk of
anastomotic leakage, whether or not the transection line is
moved (27).

The review of Blanco-Colino et /. included five studies
comparing 555 patients in the ICG group with 747 patients
in the control group. Taking into account both benign
and malignant cases, there was no significant difference in
anastomotic leakage rate. While, taking into account 956
cancer patients, the anastomotic leakage was significantly
less prevalent in ICG group than in the control group (28).
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No. of
Control No. of Indication f Timi f Perfusi
Authors Study design ontro 9 © ndication for ICG dose 'f"'.”g O. eriusion anastomotic
group patients surgery administration  assessment
leakage
Bonietal.  Retrospective No 8 Malignant tumour 2 boluses of 5 mg After mesentery  Subjective 0
(23) feasibility (0.4 mg/mL/kg) division and before
anastomosis
Bonietal.  Retrospective No 40 Benign and Boluses of After mesentery  Subjective 1
(29) feasibility malignant disease 0.2 mg/kg division and before
and after
anastomosis
Ris et al. Prospective No 6 Benign and Not reported  After anastomosis Subjective 0
(13) feasibility malignant disease
Dinallo Retrospective Yes 64 ICG group, Benign and 2mL Before Quantitative Not reported
etal. (30) cohort analysis 84 non-ICG malignant disease (concentration: anastomosis
group not reported)
Santi et al. Prospective No 22 Malignant tumour 5mL Before Subjective 1
(22) feasibility (concentration: anastomosis

0.3 mg/kg)

A review of the literature was carried out in order to
identify right colectomy performed with the use of ICG
fluorescence angiography and their results. We selected
only full text and English language papers in which the
right colectomy results were set apart from other colorectal
procedures. Table 1 summarizes the results.

In a retrospective study, Boni ez 4/. included eight
right colectomies in a group of 38 colorectal resections.
The fluorescence imaging was always obtained and no
anastomotic leakages were recorded (23).

In another retrospective study, the same group included
40 right colectomies in a series of 107 colorectal patients.
Even in this case ICG-enhanced fluorescence was detected
in 100% of the cases and, according to a subjective
qualitative evaluation of the perfusion intensity, no
modifications of the surgical plan were needed. One patient
underwent re-operation for anastomotic leakage after right
colectomy due to incomplete closure of the enterotomy
used for stapler introduction, while ICG fluorescence
angiography during re-intervention confirmed an adequate
anastomotic perfusion (29).

Ris et al. included six right colectomies in a prospective
study. The ICG-fluorescence imaging of the anastomosis
was achieved in every patient except one, but it was not
reported if it was a right colectomy or not. There was no
need to redo the anastomosis in any patient based on the
fluorescence angiography findings. None of the patients
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developed anastomotic leakage (13).

In a large retrospective cohort study, Dinallo et 4.
compared a group of 234 colorectal resections with ICG
fluorescence angiography with an historical group of 320
colorectal resections without it. The right colectomies
included were 64 in the ICG group and 84 in the non-
ICG group. The perfusion was evaluated in a quantitative
manner, using the SPY Elite Intraoperative Perfusion
Assessment System (Novadaq Technologies Inc, Bonita
Springs, F1). This software provides an absolute numerical
value on a 0-256 grey scale representing ICG fluorescence
intensity, thus providing an objective measurement. No
alterations of the planned anastomosis site were made in
both groups of right colectomies. The anastomotic leakage
rate in these two subgroups was not reported. In the whole
study the anastomotic leakage rate was 1.3% in both ICG
and non-ICG groups. The absolute value of perfusion
assessment for all colon resections ranged from 34 to 253,
while that of patient with anastomotic leak was from 50 to
100 (30).

Santi et al. recently published a prospective study,
including 22 right colectomies. ICG fluorescence
angiography was detected in all patients, according to a
subjective evaluation of perfusion intensity. In this group no
changes of the surgical plan were needed and one patient
underwent reoperation due to anastomotic leakage caused
by a mechanical problem of the stapler (22).
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Taking into account small sample size, missing data,
absence of subgroup analysis and heterogeneity of these
studies it was not possible to carry out a statistical analysis in
order to identify the incidence of anastomotic leakage rate
in right colectomies with ICG fluorescence imaging and
to compare it with the rate in standard right colectomies
in literature. All the studies agree that ICG fluorescence
angiography is a feasible and safe technique, according to
previous literature. Large multicentre randomized control
trials are needed to establish if ICG fluorescence imaging
in right colectomy could be associated with a lower rate of
anastomotic leakage.

Currently, one of the limits of ICG-enhanced
angiography is that the fluorescent intensity is mainly
assessed in a qualitative subjective manner in clinical
practice and consequently in literature reports. Quantitative
blood flow analysis is necessary to measure changes in
colon microcirculation to predict bowel viability (31).
Nevertheless, until now there have been many limitations
in clinically applying the quantitative analysis of ICG
fluorescence. Signal quantification could make the
technique an even more reliable tool to real-time assessment
of bowel perfusion.

According with this, animal experiments using fluorescent
imaging demonstrated that decreased microfiltration causes
intestinal necrosis (32,33). Subsequently, a quantitative
assessment of the bowel perfusion was attempted and
described in some clinical studies, correlating the intensity
of the fluorescence with bowel perfusion (34-36).

Son ez al. carried out a quantitative evaluation of bowel
perfusion in a series of 86 colorectal cancer resections,
showing that anastomotic complications were distributed
among patients with slow perfusion (low time from first
fluorescence increase to half of maximum) (37). Hayami
et al. published a quantitative assessment of bowel perfusion
in 23 colorectal resections in a prospective study. The
authors demonstrated that there was a significantly longer
time between ICG injection and beginning of fluorescence
in anastomotic leakage group than in non-anastomotic
leakage group (38).

Therefore, according to literature there have been many
reports and some systematic reviews on the effectiveness
of ICG fluorescence imaging in colorectal surgery. Indeed,
the technique is associated with a lower anastomotic
leakage rate and allows a revision of the surgical plan when
necessary. The power of the studies published to date is
limited, so large multicentre trials are necessary before
stating the superiority of the technique when compared
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with standard procedures.

Furthermore, a quantitative evaluation of the bowel
perfusion seems to be more precise than the qualitative one,
identifying some factors which are significantly associated
with a lower incidence of anastomotic leakage.

ICG fluorescence lymphography for sentinel nodes detection
and lymphatic mapping

It is established that an adequate lymphadenectomy
in colorectal oncologic surgery is fundamental both
for a therapeutic aim and for accurate disease staging,
defining the need for adjuvant therapy. The European
Society of Medical Oncology (ESMO) and the National
Comprehensive Cancer Network (NCCN) guidelines
still recommend the removal of a minimum number of
12 regional lymph nodes around the arterial arcades
for adequate pathological staging, as it was proposed by
the Working Party Report to the World Congress of
Gastroenterology in 1990 (39-42). Nevertheless, this
number was only partially supported by evidence, as
afterwards several authors proposed a different minimum
number to be harvested in right colectomy (43).

In 2009, Hohenberger et /. described the complete
mesocolic excision (CME) with central vascular ligation
(CVL) as a technique for right colectomy with extended
lymphadenectomy along with the embryological anatomical
planes. The aim of this procedure is to increase the number
of harvested lymph nodes (median number of 32 lymph
nodes per patient) in order to improve the staging and
the oncological outcomes: they reported a reduction of
local recurrences from 6.5% to 3.6% and 5-year cancer-
related survival rate of 85%. However, CME technique is
technically demanding and it is associated with a higher
rate of complications (19.7%) compared to standard right
colectomy and a postoperative mortality rate of 3.1% (44).

In contrast with European and American guidelines,
the Japanese Society for Cancer of the Colon and Rectum
(JSCCR) introduced the nomenclature “D”, differentiating
the extension of lymphadenectomy according to tumor wall
invasion and evidence of suspect lymph node metastases
on preoperative staging. In relation to TNM staging, these
guidelines suggest the following lymphadenectomy:

(I) DO and D1: cTis;

(I) D2:cTl, cT2;

) D3:cT2, T3, cT4 and/or cN+ (45).

It has been demonstrated that in 19% of patients the
lymph node metastases do not always follow a linear pattern
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but a “jump” one. Thus, it is possible to find metastatic
lymph nodes far from the tumor (e.g., station 3) but not
next to it (e.g., station 1 and/or 2). These metastases are
defined as skip metastases (46,47).

In addition, it is possible to find lymph node metastases
beyond the tumor related mesocolic excision: these are
defined as aberrant metastases. In a 2016 review, Bertelsen
et al. reported a prevalence of aberrant metastases from 2%
to 19%, even if the definition varies according to different
authors (48). True aberrant metastases outside the resection
margins of CME have been reported, but the prevalence
in colon cancer will stay unknown, because resection of
extramesocolic lymph nodes would be need without any
benefit for the patients (49,50).

Lately this contrasting overview of the literature, the
differences in clinical practice between Western and Eastern
countries and the absence of clear data have leaded to an
open discussion about the technique and the extension of
lymphadenectomy in right colectomy. Indeed, the risks
are, on the one hand, performing an unnecessary wide
lymphadenectomy for small tumors without lymph node
metastasis and, on the other, to leave in place metastatic
lymph nodes for advanced tumors, if the technique is not
defined.

In order to clarify this issue, several studies examined
the role of ICG fluorescence imaging in guiding the
lymphadenectomy in right colectomy. The main
applications of ICG lymphography are sentinel lymph nodes
(SLn) detection and lymphatic mapping. Unfortunately,
literature data on this topic always embrace colon or
colorectal cancers, without a subgroup analysis focused on
right colectomies.

The concept of SLn was first described by Gould ez 4/.
in 1960, defining the first order of lymph nodes draining
the tumor area (51). It is a well-established technique in
breast cancer, melanoma, gastric cancer, but it currently has
a limited impact on colon cancer and it is not routinely used
in clinical practice (52,53). As a matter of fact, literature
data on this topic are not satisfying, probably because some
studies included patients with locally advanced disease
(54,55) or used different tracers (56,57). Years ago, ICG has
already been proposed as a potentially effective lymphatic
tracer in colon cancer (58).

The rationale of SLn in colon cancer is identifying
lymph node metastases after local resection of early colon
cancers, in order to select patients who needs resection
with extended lymphadenectomy. The sentinel lymph node
mapping allows a detailed analysis (immunohistochemistry
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or reverse transcription polymerase chain reaction) to
detect micrometastatic disease (<2 mm) and improve nodal
staging (59). If feasible, this procedure could prevent
the risks of morbidity and mortality of colectomy with
lymphadenectomy in patients with early colon cancer
without nodal involvement (60).

Several studies have been published showing the use of
sentinel lymph node imaging in early colon cancer.

Nagata et 4. included 8 right colectomies in a series of
48 laparoscopic colorectal resections. The ICG (total
volume 5 mL) was administered inside the wall proximal
and distal to the tumor during laparoscopy. Sentinel lymph
nodes were detected in 47 patients, 11 patients of which
had lymphatic metastases. Five out of these 11 cases had
false negative sentinel lymph node (all with T3 cancer). Of
the four patients with T1 and T2 cancer with lymphatic
metastases, all had positive sentinel lymph nodes (58).

Ankersmit et al. carried out a feasibility study in 20
colorectal cancer patients. Depending on tumor size, ICG
diluted in albumin was injected in subserosal layer during
laparoscopic surgery. Sentinel lymph nodes were identified
in the first 10 patients and were negative for metastases. In
four of these 10 cases, a non-sentinel lymph node was found
positive for metastases. In three out of these four patients,
the tumor was larger than 60 mm. The authors do not
report the results about the remaining 10 patients included
in the study (59).

Cahill et 4l. included 4 right colectomies in a series of
18 consecutive laparoscopic colorectal resection. Multiple
boluses of ICG (mean total volume 2.8 mL) were injected
in the submucosal layer around the tumor through peri-
operative colonoscopy. From one to five fluorescent sentinel
lymph nodes were detected approximately 10 minutes after
injection in all cases. Sentinel lymph nodes were along the
main arterial vessel in all cases, but in 14 patients these
were found at the origin of the vessel. Three patients had
mesocolic nodal metastases, with a metastatic sentinel
lymph node in every case (61).

Andersen et al. compared the in vivo sentinel node
mapping with ICG with the Ex vivo sentinel node mapping
with methylene blue in 29 laparoscopic colon resections.
Taking into account only the iz vivo results, SLn were
identified in 19 patients. Lymph node metastases were
found in 10 patients and only 2 had metastases in SLn.
Sentinel lymph nodes were located in each zone: D1, D2
and D3 (62).

In a case series of 30 patients, including 13 right
colectomies, Currie et al. described technique and results
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Figure 3 Intraoperative injection of ICG into the subserosal layer,

next to the tumour, during a right colectomy.

of SLn detection with ICG in T1 and T2 colon cancer.
ICG was injected in the submucosal layer around the tumor
through an intraoperative colonoscopy. From 1 to 4 sentinel
lymph nodes were identified in 27 out of 30 patients
within 20 minutes after injection. These lymph nodes were
located in D1 area in nine patients, in D2 area in eight
patients, in D1 and D2 areas in 10 patients. Of the 27
patients with SLn mapping, 9 had lymph node metastases.
Only 2 out of 9 patients had positive nodes identified by
sentinel node mapping. Of the remaining seven lymph node
metastases: one patient had positive sentinel lymph nodes
after immunohistochemistry evaluation (with negative
hematoxylin eosin evaluation), six patients had false negative
sentinel lymph nodes. In 5 out of 6 false negative patients,
tumors were larger than 35 mm, with four being T3/T4 on
final hystopatological examination. This study demonstrated
that the technique is feasible in T1/T2 colon cancer. The
relatively high false negative rate of sentinel lymph nodes
can be explained by the small sample size and the large
diameter of the tumor in 17 out of 30 patients. One of the
limits of this study, indeed, is that 11 out of 30 patients had
T3/T4 cancer. It seems that sentinel lymph node mapping
is more accurate in smaller and non-advanced tumors,
because 13/T4 cancer could obstruct lymphatic pathways
causing a higher rate of false negative (60).

It is clear from above data that the lymphography
technique has to be standardized before it could be applied
routinely in clinical practice. The cases in which sentinel
lymph nodes could not be retrieved can be explained by
injection technique problems, which are more frequent in
the first cases performed, or by tumor features. Spillage of
ICG results in a spread of fluorescence in the abdominal
cavity, so it is impossible to detect the sentinel lymph nodes.
The high number of false negative sentinel lymph nodes

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

Figure 4 ICG fluorescence lymphatic mapping along the route of
the right branch of middle colic artery.

can be explained by the tumor size and T staging, as the
technique seems to be reliable in small early colon cancer
(Tis, T'1, T2). Patient BMI and mesocolic fat are also
important as indeed is surgeon and centre experience (57).

Therefore, in order to maximize the results of sentinel
lymph node mapping, it seems better to apply the technique
in early stage tumor without previous ink tattoo (63).
Large and advanced stage tumor, likewise ink tattoo, can
block efferent channels and nodes (a factor associated with
increased false-negative rates). Furthermore, it has been
described that the injection of the dye precisely close around
the tumor allows all the lymphatic channels that drain the
cancer to take it up. According to this, another limit of large
tumors is that this technique does not allow central area
mapping (61). Moreover, at least three sentinel lymph nodes
need to be found in order to maximize technique utility (64).

As previously disclosed, the second rationale ICG
fluorescent lymphography is to obtain a lymphatic mapping
in order to collect all lymph nodes draining from the tumor
both for disease clearance and to target delivery of adjuvant
therapy (65) (Figures 3,4). Ex vivo studies have defined that
aberrant metastases lying outside the usual mesenteric
resection can occur in up to 10% of patients (66).

In the abovementioned study of Cahill ez 4/, 4 out of 18
patients had fluorescent lymph nodes outside the intended
conventional field of resection. Nevertheless, in this series,
all of these nodes were clear of metastases (61).

Chand et al. reported additional lymph nodes located
outside of the proposed resection margins in 2 out of 10
cases. In those 2 patients, nodes were metastatic (67).

Recently, Park ez al. published an interesting 1:2 matched
case-control study comparing ICG lymphography with
standard white light technique (25 vs. 50 patients) in
performing extended lymphadenectomy for T3-T4 right
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colon cancers. Their results showed that numbers of
central lymph nodes and total harvested lymph nodes were
significantly higher in the fluorescence group than in the
conventional group. In the multivariate analysis, the use of
ICG fluorescence imaging was an independently related
factor for the retrieval of higher numbers of overall and
central lymph nodes (68).

The relevance of detecting draining lymph nodes beyond
the mesenteric resection margins, in case of lymphatic
metastases, can be considered and assessed only in larger series.

On this topic a systematic review and meta-analysis of
Emile ez al. selected 12 prospective case series, comprising
248 patients, evaluating the capability of ICG fluorescence
lymphography to detect metastatic lymph nodes in colorectal
cancer. After injection (submucosal or subserosal or both)
of ICG (different concentrations) fluorescent lymph nodes
were detected after 5-30 minutes. Nine authors reported the
total number of harvested lymph nodes to be 3,351, 1,175
(35.1%) of which were metastatic. Of the 1,175 lymph node
metastases, 859 (73%) were fluorescent positive and 316
(27%) fluorescent negative. A total of 1759 lymph nodes were
fluorescent, 859 (74%) of which were malignant, whereas
300 (26%) were negative. The pooled sensitivity of ICG in
detecting malignant lymph nodes was 71% and the pooled
specificity 84.6%. In this review is was notable that the best
results were achieved when the ICG was administered in a
concentration depending on the body weight. Furthermore,
combined submucosal and subserosal injection achieved the
highest sensitivity, specificity and accuracy (69).

Limitations of the technique are the fluorophore, which
is currently non-specific to cancerous tissue, and the limited
depth of penetration of the imaging system.

Nevertheless, prior to any routine clinical application,
further validation is necessary to define if the lymph nodes
identified with ICG fluorescence imaging are reflective of
patient’s lymphatic basin status. Subsequently, on the one
hand studies including selectively early colon cancers are
required to define the incidence of false negative sentinel
lymph nodes, to standardize technique and to define if
minimally invasive sentinel lymph node mapping can be
associated to a local resection of the tumor. On the other
hand, further data are necessary to determine the effective
utility in clinical practice of ICG fluorescence lymph
mapping of aberrant lymph nodes.

Intraoperative ureter identification

Despite ureteral injury is an uncommon complication
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during laparoscopic right colectomy, in some situations
(e.g., advanced stage tumors, abscessualization) the
neoplastic lesion can be tightly attached to right ureter,
making its recognition more difficult. Intraoperative ureter
identification is achieved by visual inspection and palpation.
Both can be more challenging during laparoscopic
procedures, translating into a higher risk of injuries (70,71).

As ICG is completely excreted in the bile, ICG-
fluorescence imaging of the ureter can be obtained with
retrograde injection of the dye into the ureter through a
ureteral catheter. The catheter is clamped after injection
allowing ureter visualization, without background noise.
Already reported by Siddighi ez 4/. and Lee et al. during
gynaecologic and urologic procedures respectively,
the technique was applied by Santi et 4/. during a right
colectomy (22,72,73). This technique is reported to be safe
and effective. The disadvantage is that it requires catheter
positioning and additional surgical time (74).

The ideal dye for ureter visualization would include
exclusively renal clearance, with low background noise from
surrounding tissues. Therefore, some experimental dyes
have been tested to identify the best one for clinical practice

(74,75).

Intraoperative tumor identification

Unlike laparotomy, during which lesions can be identified
by palpation, small lesion, especially when located at the
right flexure, are more difficult to find during minimally
invasive surgery due to lack of tactile sensation. Several
methods have been described to localize tumors, like India
ink tattooing, intraoperative colonoscopy, endoscopic
clips. All these methods have drawbacks, including
inaccurate localization caused by faint or diffused tattoo,
severe adhesions, peritonitis, bowel distension due to air
insufflation or clips invisibility (76-78). Recently, ICG
fluorescence has been used for tumor localization in vivo
(79,80).

Miyoshi et al. reported a case series of 40 laparoscopic or
open colorectal resections after ICG endoscopic marking
(5 mL). The dye was reliably identified in the operations
(29 cases) performed within eight days after endoscopic
injection (81).

Nagata et al. compared India ink and IGC endoscopic
tattooing (<96 hours before surgery) in a case series of
24 laparoscopic colorectal resection, including 6 right
colectomies. ICG tattoo was identified in all 24 cases, while
India ink in 14 cases. In six cases India ink had spilled inside
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the peritoneal cavity (82).

Hyun er al. reported tumor localization through a
fluorescent rubber band, made of ICG and a liquid rubber
solution mixture. The fluorescent rubber bands, previously
endoscopically positioned in the stomach and in the colon
of two pigs, were successfully identified with laparoscopy.
However, the study is not able to define how long the band
are maintained in the target site (83).

These preliminary results show that the technique is safe
and feasible with some advantages, but authors agree that
ICG endoscopic marking has to be performed within few
days before surgery.

Conclusions

ICG fluorescence imaging seems to be a promising tool
in minimally invasive right colectomy. ICG fluorescence
angiography is a safe technique that allows to assess bowel
perfusion before performing ileo-colic anastomosis. Two
reviews on colorectal resection studies stated that ICG
fluorescence imaging is associated with a significant lower
rate of anastomotic leakage and allows a change of surgical
plane in about 10% of cases.

It has been demonstrated the feasibility of ICG
fluorescence lymphography in order to perform the sentinel
lymph node mapping, which could be associated to local
excision of early stage colorectal cancer, and lymphatic
mapping to identify aberrant metastasis.

Furthermore, intraoperative ureter and tumor
identification are interesting potential application of
fluorescence guided surgery.
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