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Introduction

Peritoneal carcinomatosis (PC) is a severe onco-
logical condition originating from the mesothe-
lium (primary PC) or, more frequently, from
gastrointestinal or gynecological tumors (sec-
ondary PC). Every year, peritoneal carcinomato-
sis affects about 25,000 people in Italy [1].

This condition is interpreted as a terminal
stage of disease and, if not treated, allows a
median survival of <6 months after diagnosis [2,
3]. Indeed, peritoneal involvement is considered
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the most serious event in tumor progression [4].
Since it is difficult to treat it, peritoneal diffusion
is often the main cause of morbidity and mortal-
ity due to tumors affecting the peritoneal serosa.
Even in patients resected for intra-abdominal car-
cinoma, PC is the most frequent cause of death
[5-7]. Interestingly, PC often develops as a
“local” disease in the absence of hematogenous
or distant metastases [8]. Particularly, peritoneal
metastases occur in 30-40% of patients with
colorectal carcinoma (CRC), and they are the
only metastases in 25% of patients [9, 10].

In abdominal neoplasms, peritoneal dissemi-
nation may be present at the time of diagnosis,
but, more often, it occurs as a life-threatening
condition after surgical treatment of the primary
tumor [5].

In gastric cancer, 10-20% of patients who are
candidates for potentially curative resection and
40% of those in advanced stages have peritoneal
involvement at the time of abdominal exploration
[11]. Furthermore, 20-50% of patients undergo-
ing potentially curative surgery will show a peri-
toneal recurrence in the future [12]. In the case of
advanced gastric cancer, the intracavitary spread
of neoplastic cells is responsible up to 54% of
deaths due to recurrence after surgery [13]. The
greatest risks of peritoneal recurrence have been
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demonstrated in patients with diffuse or mixed
histologic carcinoma (69% at 5 years) and, even
more so, those with positive peritoneal cytology
at the time of the resective intervention (80% at
5 years) [14, 15]. In addition, the peritoneal cav-
ity is the only place of diffusion in the 40-60% of
the recurrences of gastric cancer [16].

The PC originating from colorectal cancer is
frequently a metachronous disease, and only
10—15% of colorectal cancer patients show PC at
the time of primary diagnosis; however, as
observed in gastric cancer, peritoneum is involved
up to 50% of cases in colorectal cancer patients
who develop tumor recurrence after potentially
curative surgery of the primary tumor [17], and,
in 10-35% of the cases is the only site of tumor
relapse [18]. The mucinous carcinomas of the
colon and the carcinoma of the appendix, espe-
cially if there is a positive peritoneal cytology,
show the highest rates of peritoneal dissemina-
tion [12].

Pathogenic Mechanisms

The pathogenic mechanisms that regulate carci-
nomatosis are multifactorial, but essentially
consist of:

1. Peritoneal dissemination of free tumor cells,
which exfoliate as a result of the direct inva-
sion of the serosa of the organ involved by pri-
mary neoplasm [19] and subsequent
implantation on the peritoneal surface through
molecules of cell adhesion [5, 8]

2. Passage of malignant cells through the lym-
phatic lacunae and venous vessels of the peri-
toneum [19]

3. Insemination after trauma and surgical manip-
ulation [19]

In particular, in low-grade malignant tumors it
is assumed that the PC originates from a transpa-
rietal spread, and that the dissemination follows a
migration path called “neoplastic redistribution.”
This migration is governed by a “non-random”
redistribution process that is not dependent from
the intrinsic biological aggressiveness of the

tumor but primarily is related to physical mecha-
nisms, such as the effect of gravity in relation to
the site of the primary tumor, and the presence or
less of intra-abdominal fluid (ascites, mucus,
etc.) [5, 8, 20], as well as the characteristic vis-
cosity of the same. Tumor cells, which move
freely within the peritoneal cavity, generally
aggregate into well-defined areas due to gravity
concentrating in the normal reabsorption sites of
the peritoneal fluids, such as the lymphatic lacu-
nae of the small and large omentum and the dia-
phragm, in particular of the right hemidiaphragm.
This generally involves the development of dis-
ease, especially in the pelvis, in the subphrenic
space, in the parietocolic groove and in Morrison’s
pouch [5, 8], or in anfractuous regions where the
peritoneal fluid circulates at low flow. When the
tumor does not produce fluids, the malignant
cells have more limited motility and implant
more frequently near the site of the primary
tumor. While a liquid vehicle is present within
the abdominal cavity, sites more distant than the
primary tumor may also be affected, such as the
Treitz ligament and the small omentum in the
case of ovarian carcinoma. Likewise, as a result
of physical mechanisms, the PC does not occur,
at least in the initial stages, on the mesenteric sur-
face and on the serosa of the small intestine due
to the active peristaltic movements. In contrast,
relatively fixed intestinal areas, such as the duo-
denum and the ileocecal and rectum-sigmoid
conjunctions, are often infiltrated by
carcinomatosis.

Treatment

Just as the metastatic involvement of the liver by
CRC is currently considered susceptible of
hepatic resection for curative purposes, the treat-
ment of PC could be considered as potentially
curative considering that, in selected cases and
within certain limits, the involvement of the peri-
toneal serosa may represent the extreme margin
of diffusion of the neoplasm.

In the last 20 years, the growing and renewed
interest in the malignant tumors of the perito-
neum, and the increase of the knowledge on the
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biology of these neoplasms, has led to the search
for new and increasingly aggressive therapeutic
techniques. There is sufficient consent that the
only potentially curative treatment in primary
and metastatic peritoneal carcinomatosis is cyto-
reductive surgery (CS) associated with hyper-
thermic intraperitoneal chemotherapy (HIPEC)
with a 5-year survival rate ranging from 30% to
48% in selected cases [21, 22].

The HIPEC was introduced in 1980 for the
treatment of the PC and was initially used alone
[23]. Since 1995 some procedures of peritonec-
tomy were associated [24] in several world cen-
ters which have reported their experiences using
different HIPEC protocols showing encouraging
results [2]. This innovative and aggressive treat-
ment modality, directed to the entire abdominal-
pelvic area, is able, despite the high rate of
morbidity, to significantly reduce and sometimes
completely eliminate carcinomatosis, improving
long-term survival [24, 25]. The logic that under-
lies the HIPEC is essentially based on both the
direct cytotoxicity of hyperthermia on neoplastic
cells, increased rate of the cytotoxicity of some
chemotherapeutic agents determined by hyper-
thermia itself, and, finally, pharmacokinetic
advantage obtained by the administration of
intraperitoneal chemotherapy [5, 6].

The plasma-peritoneum-barrier (i.e., a physi-
ologic barrier that limits the resorption of drugs
from the peritoneal cavity into the blood) guaran-
tees, at the regional site, high concentrations of
some cytostatic drugs (including cisplatin, mito-
mycin ¢, oxaliplatin, adriblastine) limiting sys-
temic toxicity. Multimodal treatment combining
HIPEC and cytoreductive surgery (CRS) with
peritonectomy [24] finds space in the treatment
of primary peritoneal malignant tumors (abdomi-
nal sarcomatosis, peritoneal mesothelioma) [26],
pseudomyxoma peritonei, and CR peritoneal car-
cinomatosis from colorectal [27, 28], ovarian
[29], and gastric carcinoma [13]. On the contrary,
HIPEC is contraindicated in the case of perito-
neal carcinomatosis from neoplasia showing high
biological aggressiveness (pancreatic adenocar-
cinoma and neoplasia of the esophagus), extra-
abdominal metastasis, extensive retroperitoneal
or lymph node disease, coexistence of important

pathologies (cardiorespiratory, neurological, and
renal), multiple and diffuse or otherwise unre-
sectable hepatic metastases, previous side effects,
and poor response after systemic chemotherapy.

Prognostic Factors

To define the extent of cytoreduction, Jaquet and
Sugarbaker [30] introduced the so-called com-
pleteness of cytoreduction (CCR) score which pro-
vides an assessment of the amount of residual
disease after cytoreductive surgery. CCR-0 indi-
cates that no macroscopic disease remains after
cytoreduction. CCR-1 indicates that tumor nodules
with a diameter of less than 2.5 mm remain after
surgery. Finally, CCR-2 and CCR-3 indicate that
tumor nodules between 2.5 mm and 2.5 cm, and
tumor nodules with a diameter greater than 2.5 cm
remain after surgical treatment, respectively.

Since PC should be considered as a regional
metastasis and being impossible to remove all
microscopic residues, the concept of radicality is
relative, so that not only the complete cytoreduc-
tion, CCR-0, but also CCR-1 (residual tumor
<2.5 mm) is deemed acceptable [31]. To assess
the extension of the resection in the PC treatment,
the CCR score appears to be the most reliable
system compared to the R (resection) stage that is
traditionally used for primary neoplasms in the
tumor node metastasis staging system [4]. In PC,
it is generally believed that it is not possible to
obtain an RO state, and therefore CCR-0 is equiv-
alent to R1 (no gross residual disease). R2a indi-
cates that minimal tumor nodules of less than
5 mm remain. R2b indicates that coarse tumor
nodules exceeding 5 mm and up to 2 cm remain.
R2c indicates that it remains an extended disease
of over 2 cm [28].

The diagnosis of peritoneal carcinomatosis is
challenging, both pre- and intraoperatively. The
gold standard for PC staging is still the direct lap-
arotomic or laparoscopic visualization. Computed
tomography (CT) and positron emission tomogra-
phy (PET) provide the best results before surgery,
but underestimation of the disease phase is fre-
quently reported [32]. During laparotomy, sur-
geons depend on visual inspection and palpation
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to determine PC extension and extent of resection.
However, some subclinical peritoneal lesions may
escape intraoperative detection. The peritoneal
cancer index (PCI) is of fundamental importance
in treatment planning and is closely correlated
with the prognosis after CS + HIPEC [5]. The
Peritoneal Cancer Index (PCI) is the most
accepted metric to quantify the extent of perito-
neal disease and is evaluated with the utmost
accuracy at the time of surgery, as it has been
shown that sensitivity in the detection of perito-
neal disease by computerized tomographic scan
(CT) turns out to be 41.1% and the specificity
89%. PCI is calculated by evaluating the size of
peritoneal lesions in each of the 13 abdomino-
pelvic regions. The lesion size (LS) is evaluated
with a score of 0-3 for each of the 13 regions and
summed to obtain a score from O to 39. In patients
with PC from CRC, a PCI of 10-20 means exten-
sive carcinomatosis and therefore a worse prog-
nosis. It is believed that only palliative cure should
be offered to such patients [17, 33-35].

Intraoperative Fluoroscopy
and Indocyanine Green

As outlined above, one of the most critical trou-
ble in PC treatment is represented by both correct
diagnosis of peritoneal nodules and identification
of smaller lesions. In recent years, new technolo-
gies have allowed surgeons to better address such
limitations [36, 37]. Intraoperative fluoroscopy
(FD) is a recently introduced imaging modality
that can improve PC detection [38]. Indocyanine
green (ICG), a near-infrared (NIR) contrast agent
becoming fluorescent if excited by light with a
wavelength of 800-900 nm, has been recently
proposed for FI due to its special affinity for the
cancerous tissue [39, 40]. Approximately 95% of
the ICG molecules bind rapidly to intravascular
macromolecules, such as albumin and lipopro-
teins, after intravenous injection. Since in tumor
tissue neoangiogenesis is responsible for the
presence of immature and permeable vessels, the
ICG, like these macromolecules, permeates the
endothelial lesions and is retained in the cancer-
ous tissue due to the altered lymphatic drainage

(permeability and advanced retention [EPR]) of
the lesion [41, 42]. The extravascular ICG accu-
mulation is responsible for the hyperfluorescence
observed in the tumor tissue in contrast to the
surrounding normal tissue [41, 42].

The detection of tumor tissue depends on the
tumor-background relationship (TBR), which is
the ratio between the intensity of the fluores-
cence, expressed in arbitrary units, of the tumor
tissue and of the surrounding normal tissue [43].
The ICG has a half-life of 150—180 s, is metabo-
lized by the liver microsomes, and excreted
through the bile. Overall, its toxicity can be
classified as low. Occasionally, in 1 out of
42,000 cases, mild side effects have been
reported in humans such as sore throats and hot
flashes. Effects such as anaphylactic shock,
hypotension, tachycardia, dyspnea, and urticaria
have occurred only in individual cases [44]. The
mortality rate is 1:300,000.

Currently ICG is a non-specific fluorescent
probe registered and approved by the FDA for
optical imaging in clinical settings [45]. ICG is
recognized as a safe and economical NIR fluores-
cent probe. The properties of the ICG, which is a
water-soluble amphiphilic molecule with a
molecular weight of 775 Dalton and a hydrody-
namic diameter of 1.2 nm, make it an excellent
vascular and lymphatic contrast agent when
injected intravenously (IV) and in the system
lymphatic (e.g., by subcutaneous injection),
respectively. The intravascular compartmental-
ization of the ICG before its rapid clearance
explains its angiographic properties. Therefore,
ICG is used in ophthalmology for retinoscopy
and in plastic surgery to evaluate the vasculariza-
tion of the reconstruction flap [46-48].
Furthermore, as it is excreted exclusively from
the liver into the bile, it can also be used to evalu-
ate liver function in cirrhotic patients before
undergoing liver surgery [49, 50], or during cho-
lecystectomy as a cholangiographic agent [51—
53]. Moreover, in colorectal surgery for
oncological and non-oncological indications,
ICG-FI is expected to become a useful applica-
tion for the evaluation of the vascularization of
colorectal anastomoses [54-57]. After subcuta-
neous injection, free ICG is a small molecule that
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can rapidly enter the small lymphatic vessels and
serves as a good marker of the lymphatic system.
Recently, ICG-FI has emerged as a potential tool
in surgical oncology for detection of sentinel
lymph nodes (SLN) in various cancers such as
breast [58], skin [59], gastric [60], and colorectal
cancers [61-67]. Furthermore, FI after IV injec-
tion of ICG has been described as a novel imag-
ing technique to assist surgeons in the
intraoperative detection of hepatocellular carci-
noma (HCC) [68, 69], cholangiocarcinoma [70],
hepatoblastoma [71], and hepatic metastases
[72]. Several reviews have reported the role of
optical imaging using ICG [38, 73-78], but none
of these has specifically focused on the role of
ICG-FI for the detection of carcinomatosis in
colorectal cancer. ICG-FI represents a wide
potential field for the clinical application of this
emerging imaging technique.

Fl-guided surgery with ICG (ICG-FI), both
in vivo (ICG-IF intraoperative) and ex vivo (on
the ICG-FI table), seems to be particularly suit-
able for detecting PC in which superficial lesions
are present. However, data on ICG-guided surgery
in PC CRC treatment are still poor and the tech-
nique has not yet been standardized for this use.

Our Experience

At the Division of Surgical Oncology of the
University of Naples “Luigi Vanvitelli,” a pro-
spective study was conducted to evaluate the role
of ICG-FI in the improvement of outcome in
patients affected by peritoneal carcinomatosis
from CRC and undergoing CS + HIPEC (Video
21.1). Inclusion criteria for CS + HIPEC were
age of 18-70 years, PCI <20 at preoperative
diagnosis, tumor limited to the peritoneal cavity
without other distant metastases, and absence of
serious comorbidity with the performance status
<1. Overall, seven patients with PC from CRC
were admitted. Three patients were excluded
from surgical treatment due to high PCI (29 and
31, respectively), or poor general conditions (one
patient). Ultimately, four patients underwent sur-
gical exploration. All patients had previously
been successfully submitted to a potentially cura-

tive resection for stage III colorectal adenocarci-
noma. All patients underwent adjuvant
chemotherapy with 5-fluorouracil plus oxalipla-
tin, and they were followed at 3-month intervals
until tumor recurrence [79].

All operations were performed through open
median relaparotomy. After clinical exploration
of the entire peritoneal cavity and evaluation of
the feasibility of CC-0 or CC-1 cytoreduction and
localization of metastatic nodules, a dose of
0.25 mg/kg ICG (PULSION Medical Systems
SE, FeldKirchen, Germany) was injected intrave-
nously. FI-guided imaging was performed in vivo
on the entire peritoneal cavity using Fluobeam®
(Fluoptics Imaging Inc., Cambridge, MA, USA),
an open system for in vivo infrared fluorescence
imaging. At Fluobeam® examination, the perito-
neum appears as a large gray area striped with
very thin bright lines corresponding to vascular
structures. With black and white vision, a hyper-
fluorescent peritoneal nodule appeared as a well-
defined area of intense bright light with clear
margins (Fig. 21.1a). This area, with the color
vision allowed by Fluobeam®, appeared as a red
area with ultraviolet margins (Fig. 21.1b). Visible
and/or palpable nodules showing no clear dis-
similarity from the gray peritoneal serosa (with
black and white vision) or colors ranging from
green to ultraviolet were defined as hypofluores-
cent nodules. All peritoneal sites were checked
again at the end of surgical resection to evaluate
residual fluorescence. Finally, all specimens were
observed ex vivo with Fluobeam® to confirm
their previous appearance and investigate the
margins of resected tissue.

HIPEC was performed through a closed tech-
nique by using oxaliplatin (400 mg/m?) in 5 L of
5% glucose solution for 30 min at 42 °C.

Patient characteristics are reported in
Table 21.1. A cytoreductive surgery classified as
CCR-0 followed by HIPEC was performed in all
patients. No patient had serious postoperative
complications and all were discharged on postop-
erative days 9-11. Peritoneal exploration was
performed at a median time of 50 min after ICG
injection (range 30-60; IQR 35-60 min). The
ICG-FI required on average 20 min (range 10-30,
IQR 15-25 min), and all images collected by
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Fig. 21.1 (a) Patient #3. ICG-FI guided surgery (black
and white vision). Hyperfluorescent nodule visible as an
intense bright light surrounded by a gray area. (b) Same

Table 21.1 Clinicopathological characteristics

case (color vision). The nodule appeared as a red area with
ultraviolet margins. (From Lieto et al. [79]; used with
permission)

Patient #1 Patient #2 Patient #3 Patient #4
Age (years) 62 67 64 59
Gender Female Male Male Female
Primary tumor
Site Right colon Rectum Left colon Right colon
TNM stage pT3N2aMO pT4aNOMO pT4aN1bMO pT4aN1bMO
Grade well undifferentiated/ | moderately moderately
differentiated/G1 | G3 differentiated/G2 differentiated/G2
Time to relapse (months) 13 26° 15 15
Number of nodules 25 2 24 18
Preoperative diagnosis 12 (48%) 1 (50%) 10 (42%) 7 (39%)
Intraoperative 6 (24%) Vi 8 (33%) 8 (44%)
diagnosis® — ICG-FI 7 (28%) 1 (50%) 6 (25%) 3 (17%)
Peritoneal Cancer Index
Before ICG-FI 12 2 6
After ICG-FI 15 3 12 8

ICG-FI indocyanine green fluorescence imaging
From Lieto et al. [79]; used with permission

213 months after CS + HIPEC for previous peritoneal carcinomatosis

®Visual and palpatory diagnosis

Fluobeam® were converted into pictures and
videos. The operation time ranged from 240 to
360 min (median 280 min, IQR 250-330 min).
A total of 69 nodules were collected (median
diameter 2.7 cm, range 0.2-5.0 cm, IQR 1.2—
3.8 cm). With conventional techniques, such as
CT and PET scans, 30 nodules had been preop-
eratively discovered (median diameter 3.8 cm,

range 1.5-5.0 cm, IQR 3.5-4.4 cm). At intraop-
erative exploration further 22 peritoneal nodules
(median diameter 2.3 cm, interval 1.3-3.1 cm,
IQR 1.8-2.8 cm) were identified by the surgical
team. Out of these 52 nodules, 47 (90%) were
hyperfluorescent ~ on  examination  with
Fluobeam®. Finally, ICG-FI identified 17 addi-
tional hyperfluorescent nodules with a median
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diameter of 0.5 mm (range 0.2-0.7 cm, IQR
0.3-0.6 cm) (Fig. 21.2). All samples were also
examined with Fluobeam® ex vivo, namely on
the table in the operating room. There was a
complete correspondence between in vivo and

Fig. 21.2 Patient #1. Diffuse pelvic peritoneal carcino-
matosis (hyperfluorescent areas—black arrows) clearly
visible. In addition, ICG-FI revealed a hyperfluorescent
peritoneal nodule (visible between the two branches of the
surgical clamp). (From Lieto et al. [79]; used with
permission)

ex vivo observations (Fig. 21.3a, b). In addition,
a hypofluorescent tissue boundary was identi-
fied around each lesion. Postoperative histopa-
thology showed that two nodules detected in the
intraoperative phase and two nodules detected
intraoperatively were not metastatic. Of the 64
hyperfluorescent nodules, 1 (false-positive) was
non-cancerous; of the remaining 5 hypofluores-
cent nodules, 2 (false-negatives) turned out to
be metastatic tissues. In all cases, the hypofluo-
rescent tissue around each lesion was negative
for metastatic tissue. Of the 65 metastatic peri-
toneal nodules, the ICG-FI allowed to identify
16 nodules not diagnosed with conventional
procedures, adding a 25% diagnostic improve-
ment. Overall, the sensitivity of current diag-
nostic procedures (CT and PET) was 43.1%
preoperatively and 76.9% intraoperatively
(visual examination and palpation). With the
ICG-FI sensitivity increased to 96.9%, ICG-FI
showed the highest specificity and positive and
negative predictive values. The accuracy of the
test, that is, the global prognostic performance
of the procedure, was 43.4%, 75.3%, and 95.6%

Fig. 21.3 (a) Patient #2. The ICG-FI revealed a second
sub-centimetric hyperfluorescent nodule (visible between
the two branches of the surgical clamp). (b) Same case.

ICG-FI guided surgery ex vivo, on the table, to confirm
the radicality of the surgical resection. (From Lieto et al.
[79]; used with permission)
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for preoperative, intraoperative, and ICG-FI,
respectively (Table 21.2).

Prior to ICG-FI, median PCI was 7 (range 2—12,
IQR 4-10), but after ICG-FI, PCI increased signifi-
cantly to a median of 10 (range 3—15, IQR 5-13;
p <0.001). However, the worsening of PCI did not
prevent a complete cytoreduction in all patients.

Cytological examination of the peritoneal liq-
uid was positive for malignant cells in three out
four cases before HIPEC and negative in all cases
after HIPEC.

Considerations

Cytoreductive surgery achieving CCR-0 or at
least CC-1 cytoreduction should be the gold stan-
dard in the treatment of primary and metastatic
peritoneal carcinomatosis, including PC from
colorectal cancer. A technique that improves
intraoperative detection of PC nodules would
help to achieve complete cytoreduction and avoid
resection of non-cancerous lesions. Despite the
limited number of patients and PC nodules that
are limitations of the present study, our results
with intraoperative ICG-FI appear promising.
Using this imaging technique, it was possible to
correctly map the metastatic areas with a sensi-
tivity of 97%, a test accuracy of 95.6%, and an
improvement of almost 25% in the identification
of the disease. Particularly, the 16 malignant
lesions  identified  intraoperatively = with
Fluobeam® had not been detected during con-
ventional abdominal exploration.

In 2016, Liberale et al. and Barabino et al.,
both from Europe, have reported their results in
17 and 10 patients, respectively, showing PC
from colorectal cancer [33, 40]. Our results differ
from those reported by Barabino [40]. In contrast
to our results showing that the PCI score has
improved significantly from 7 (with conventional
methods) to 10 (with PCI-FI), Barabino et al.
reported a non-significant difference between
conventional and ICG-FI-guided surgery [40].
They also reported false-positive and false-
negative rates of 40% and 27%, respectively,
while our rates were 25% and 3%, respectively.
The explanation of the authors of these high per-

centages includes preoperative chemotherapy
and the limitations of the EPR effect of
ICG. However, Barabino and colleagues admin-
istered ICG 24 h before surgery and it could have
impaired their results. In our experience, 50 min
after ICG intravenous injection, the intraopera-
tive view with Fluobeam® of the fluorescent
areas in the abdomen was optimal. Our decision
to perform the intraoperative injection of the flu-
orescent probe was influenced by our previous
experience with ICG-FI guided surgery for liver
cancers [80]. In order to consistently reduce
physiological hepatic uptake and allow the drug
to concentrate in the tumor, the injection of ICG
had been performed 24 h before surgery [81, 82].
In these cases, no peritoneal fluorescence
occurred at the time of the operation. Interestingly,
as in our observations, Liberale et al. did not
detect fluorescence in peritoneal metastatic nod-
ules in the first two patients who received ICG
24 h before surgery. In contrast, in the remaining
patients who received ICG intraoperative injec-
tion, all peritoneal nodules were hyperfluorescent
[33]. Establishing the optimal ICG dosage and
injection times are important for the standardiza-
tion of the technique. Some authors [42] propose
a dose of 0.5 mg/kg 12-24 h before surgery, oth-
ers [33] a total dose of 5 mg administered intra-
operatively. In the case of the PC, in which
numerous, small, hypervascularized nodules are
to be detected, an intraoperative ICG injection is
suitable since the ICG disappears from the
plasma at a rate of 18-25% per minute [83].

A new interesting tool is represented by pro-
phylactic HIPEC in CRCs at high risk of devel-
oping peritoneal metachronous carcinomatosis,
such as tumors invading serosa (pT4a) or with
positive peritoneal lavage [84]. In these patients,
current clinical and imaging techniques do not
have sufficient diagnostic sensitivity [85], and
ICG-FI-guided surgery could identify small
undiagnosed peritoneal metastatic nodules.
Furthermore, this technique would be an excel-
lent tool to improve sensitivity for second-level
laparoscopy in high-risk patients and could be
practice-changing.

Although all the available studies show some
limitations particularly related to the small number
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of investigated patients, ICG-FI-guided surgery
appears to be a promising tool to improve the radi-
cality of CS in PC originating from CRC. Further
studies are needed to standardize the technique
and determine its role in this patient population.
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