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Abstract: This review looks at the use of indocyanine green (ICG) in colorectal surgery,
from a quantitative point of view. The main benefits of the ICG technique in colorectal
surgery, can be summarized as follows: a)in the realization of the intraoperative
fluorescence angiography as adjuvant in the process of anastomosis, b)in the fluorescence
guided detection of lymph node metastases in colorectal cancer and, also, the sentinel
lymph node technique, which was proven better than formal methods in some studies, c)
marking with positive fluorescence a liver nodule as small as "just" 200 tumor cells, d)
offering assistance in the diagnosis of a fistula, e)in the possibility to be used for tumour
tattooing also, f)providing help in maintaining a clean surgical field and preventing
wound infection in abdominoperineal resection. Apart from the qualitative intraoperative
use of ICG, the method can be employed in association with quantitative methods, such
as: maximum intensity, relative maximum intensity and various parameters of the inflow
(time-to-peak, slope, and t1/2max) , this latter cathegory being more significantly

associated with anastomotic leakage.
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1. Introduction

As general surgical techniques have become more refined with increasingly precise
movements, eventually leading to the emergence and development of robotic surgery, the
same phenomenon has occurred with adjunctive methods to better identify, visualize, and
resect a specific structure/tissue during the intervention. With the aid of fluorescence, the
vessels, lymph nodes, and tumor itself can all be seen more clearly. The NIR-ICG (near
infrared light and indocyanine green) technique significantly improves the visibility of
certain organs, such as the ureter; consequently, the risk of creating a lesion due to
inadequate visibility is diminished. The quantitative parameters discussed in the current
medical literature used for the quantitative use of ICG were separated into four categories:
time to fluorescence, contrast-to-background ratio, pixel intensity, and numeric
classification score. This review examines extensively different studies on the use of ICG

in colorectal surgery and provides a general framework based on substantial research.
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2. Materials and Methods

Envisaging the goal of performing an updated literature review on the theme of
quantitative ICG use in colorectal surgery, the following searches were conducted: 1)a
search for relevant terms on www.pubmed.gov which only resulted in a few answers to
the quest; 2) the terms “ICG quantitative colorectal surgery” were searched for on
www.sciencedirect.com, with 399 results; 3) the terms indocyanine green AND colorectal
AND surgery AND quantitative”were looked on www.oxfordjournals.com and 4) the
terms “indocyanine AND green aND colorectal AND surgery AND quantitative” were
looked upon on www.scopus.com, from 2022-2018, in English and this last search re-
turned 397 results. All the above mentioned returned results were summarized into prin-
cipal matters according to the subject treated, and the main ideas and concepts are pre-
sented in the next session.

3. Results

Optical imaging currently refers to a variety of noninvasive techniques for monitor-
ing specific physiologic, pathologic, and molecular processes, as well as the behavior of
specific cell populations, as presented by Ottobrini [1] and Pirovano[2]. These techniques
rely on the detection of photons in the visible range, up to the near-infrared (400-1700 nm),
emitted by fluorescent and bio/chemo-luminescent molecules.

As described by Morales-Conde [3]in the 2022 guidelines on the use of fluorescence
dyes in general surgery, with visibility in near-infrared light, Indocyanine Green is a flu-
orescent substance. It is helpful at: 1.the identification of anatomical structures (biliary
tract, ureters, parathyroid, thoracic duct), 2. appreciating the tissue blood supply(anas-
tomosis in colorectal, esophageal, gastric, bariatric surgery, in plastic surgery procedures
, liver resection, in strangulated hernias and in intestinal ischemia), as it can be noticed in
figures 1.a and 1.b.), and 3.can help with minute tumor identification (liver, pancreas,
stomach, breast, colon, rectum, esophagus and skin cancer).

The evidence found so far is very encouraging; however, standardization of its use
and randomized studies with a larger number of patients are necessary to reach definitive
conclusions regarding its use in general surgery.

In an Informed opinion given by Ghuman[4] on the use of fluorescence in colorectal
surgery, it is mentioned that this technology's versatility improves on numerous aspects
of colorectal procedures. Historically, white light was the only modality for the visualiza-
tion of tissue perfusion, tumor implants, and important, relevant structures, such as the
ureters and lymph nodes. The near-infrared spectrum's ability to penetrate biological tis-
sues enables the injection of fluorophores to identify these structures. The two most com-
monly used fluorophores (intravenously) are methylene blue and indocyanine green. In
addition, novel tumor marker-specific fluorophores are being researched for cancer de-
tection.

Thammineedi [5]calls fluorescence guided cancer surgery (FGS) a new paradigm and
focuses research on its use in the context of abdominal-thoracic malignancies. Martinez
Lopez [6]Junderlines that new FGS applications are being created to aid in the detection of
peritoneal metastases and in the proper evaluation of tumor resection margins, as demon-
strated in figures 2.a-g.

Heeman [7]discusses the importance of a uniform fluorescence imaging protocol and
data collection in clinical trials.

Lutken[8] looked at the new technique of quantitative indocyanine green angi-
ography (Q-ICG) that provides surgeons with an objective evaluation of tissue perfusion.
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By means of a systematic review, he sought to determine the optimal Q-ICG methodology.
A total of 1216 studies were evaluated, and 13 were ultimately included. Maximum inten-
sity and relative maximum intensity were unable to identify patients with anastomotic
leakage, according to the studies. In contrast, the parameters of the inflow (time-to-peak,
slope, and t1/2max) were significantly associated with anastomotic leakage. Only two
studies performed intraoperative Q-ICG, while the rest used video recordings to perform
Q-ICG retrospectively. The designs, Q-ICG parameters, and patient populations of the
studies varied. No randomized studies were identified, and the overall level of evidence
was rated as low to moderate. While the results are diverse, they all appear to point in the
same direction. Fluorescence intensity parameters are unstable and do not accurately rep-
resent clinical endpoints. In contrast, inflow parameters are robust in a clinical setting and
more accurately reflect clinical endpoints. From this previous research in 2020, the re-
search field of quantitative ICG evolved exponentially.

A research by Noltes [9]aims to develop a reproducible and generalizable Workflow
model of ICG-angiography incorporating Standardization and Quantification (WISQ) that
can be applied uniformly within the surgical innovation domain regardless of the user.
WISQ must be prospectively validated in larger series before it can support clinical deci-
sion-making to predict and prevent postoperative organ function impairment in a large
and diverse surgical population.

A systematic review by Slooter [10]sought to identify all methods for quantifying
intraoperative fluorescence angiography (FA) of the gastrointestinal anastomosis and to
identify potential thresholds for predicting patient outcomes, such as anastomotic leakage
and necrosis. The quantitative parameters were separated into four categories: time to
fluorescence (twenty studies), contrast-to-background ratio (three studies), pixel intensity
(two studies), and numeric classification score (2). The first category was divided into:
manually measured time (7 studies) and software-generated fluorescence-time curves
(13). To predict patient outcomes, cutoff values were derived for manually assessed time
(speed in gastric conduit wall) and derivatives of the fluorescence—time curves (Fmax,
T1/2, TR, and slope). Conclusion: Time to fluorescence appears to be the most promising
metric for quantifying FA. Future research could concentrate on fluorescence—time curves,
as numerous parameters can be derived and fluorescence intensity persistence can be
avoided. To enable future data comparison, however, consensus on study design, calibra-
tion of fluorescence imaging systems, and software validation is required. A study by
Ahn[11] concluded that, since quantitative parameters of ICG angiography are affected
by a variety of conditions, a standardized protocol is necessary. Fluorescence images can
be optimized through the application of ICG-specific modes at a fixed distance of 4-5 cm.

Several software options for quantifying fluorescence have emerged, but they have
not been compared previously. The comparison of the outcomes of quantitative ICG-FI
analysis of relative perfusion in an experimental setting using two distinct software-based
quantification algorithms was the objective of a study (FLER and Q-ICG) by
Gosvig[12]. When perfusion was either extremely high or extremely low, the quantitative
fluorescence analysis of the two software packages differed considerably. The clinical sig-
nificance of these variations is unclear.

Gorspas [13]emphasizes the fact that FGS offers high sensitivity, contrast, and spec-
ificity without exposing the patient to radiation. It can also identify the borders and reflect
the position of superficial lesions during a surgical procedure, providing the technical
means for early detection and precise resection of small lesions. It is anticipated that the
validation of FGS technology's performance through both imaging equipment develop-
ment and standardization and clinical trials will reduce iatrogenic trauma and improve
postoperative survival rates and quality of life.

3.1. Rectocolonic perfusion


https://doi.org/10.20944/preprints202205.0383.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2022 doi:10.20944/preprints202205.0383.v1

In a study by Gomez-Rosado [14]that had as a purpose to quantify fluorescence
angiography with indocyanine green (ICG) in colorectal cancer anastomosis, an
identification was made of the influential factors in its temporary intensity and pattern.
The research also did an evaluation of the ability to predict the AL(anastomotic leak), and
establishing the cut-off levels for high- or low-risk groups. To stratify risk of AL,
quantitative analysis of ICG fluorescence during colorectal surgery is safe and feasible.The
intensity of fluorescence at the point of section is affected by hypertension and the
anastomosis site (the nearest to rectum, the most intensity detected). When fluorescence
intensities at the point of section are less than 169 U or slopes are less than 14.4 U/s, a
change of division site should be considered to prevent AL due to vascular causes.

Another research, conducted by Mo Son[15], aimed at quantitatively evaluating
colon perfusion patterns using indocyanine green (ICG) angiography in order to identify
the most accurate predictor of anastomotic complications following laparoscopic colorectal
surgery.The use of laparoscopic fluorescence imaging on colorectal cancer patients. ICG
(0.25 mg/kg) was injected slowly into peripheral blood vessels, and the fluorescence
intensity of colonic flow was measured sequentially using a video analysis and modeling
tool to generate perfusion graphs. On the basis of their fluorescence slope, T1/2MAX and
time ratio (TR = T1/2MAX/TMAX), colon perfusion patterns were classified as fast,
moderate, or slow. Analyses of clinical and quantitative perfusion variables were
performed to identify predictors of anastomotic complications. The conclusion was that
quantitative analysis of ICG perfusion patterns using T1/2MAX and TR can be used to
identify segments with inadequate perfusion, thereby reducing anastomotic complications
during laparoscopic colorectal surgery.

Nerup [16]conducted a study in which the aim was an investigation of whether ICG-
FA and g-ICG could improve blood supply evaluation by surgeons of different training
levels. In a porcine model, thirteen small bowel segments with varying degrees of
devascularization and two healthy sham segments were constructed. Blinded to the degree
of devascularization, the study recruited students, residents, and surgeons to perform
perfusion assessments of the segments in white light (WL), with ICG-FA, and after q-ICG.
The conclusion was that Q-ICG seems to guide surgeons, regardless of experience level, to
safely perform resection in healthy tissue, compared with standard WL.

The conclusion of a research presented by Tang[17] was that ICG can effectively re-
duce the incidence of AL, without prolonging the operative time or increasing postopera-
tive complications in colorectal surgery, an idea also presented by Vargas[18] . A meta-
analysis by Trastulli [19]found that ICG-FA used in colorectal surgery lead to a significant
reduction in anastomotic leakage and in the need for surgical reintervention for anasto-
motic leak, especially in patients with low or ultra-low rectal resections. Similarly, sigmoid
and rectal resections can have an improved AL(lower rates of fistullae) secondarily to ICG-
NIFA technology, as presented by Neddermeyer[20].

Low anastomoses and preoperative radiotherapy are crucial risk factors for leakage.

Numerous surgeons frequently perform an unnecessary protective ileostomy, which
raises costs and necessitates a second operation for recanalization. A study by Brescia [21]
aimed to evaluate the role of indocyanine green in assessing bowel perfusion, even in the

presence of a low anastomosis on radiotherapy-treated tissue.
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Even in the highest-risk cases, indocyanine green appears to be safe and effective for
assessing the perfusion of colorectal anastomoses, potentially reducing the rate of ileos-
tomy.

The primary limitation is the absence of a universally replicable standard evaluation.

The conclusion of a research by Meijer [22]was that the difficulty in interpreting un-
corrected fluorescence signals is demonstrated by the fact that similar intraoperative fluo-
rescence results may lead to different surgical treatment strategies. In the near future, sur-
geons may benefit from the quantification and standardization of NIR fluorescence perfu-
sion imaging in real time.

A study by Cheon Kim[23]underlined that quantitative analysis of indocyanine
green fluorescent imaging may help prevent anastomotic complications during robot-as-
sisted sphincter-saving operations, and may be of particular value in patients with a short
descending mesocolon and high-class ASA. A study by Ishii [24] found that ICG fluores-
cence angiography has the potential to reduce the rate of AL in patients undergoing lapa-
roscopic rectal cancer surgery.

Higashijima [25] evaluated 79 patients who underwent laparoscopic colorectal resec-
tion for colon cancer using a double-stapling technique were evaluated retrospectively. By
measuring indocyanine green fluorescence time, blood flow in oral stumps was assessed
(FT). The authors analyzed correlations between FT and AL risk factors and performed a
comprehensive investigation of AL cases. The conclusions drawn were towards the idea
that :patients with delayed FT (.60 seconds or 50-60 seconds with _3 risk factors) may re-
quire revision of the anastomosis (stoma diversification or additional resection) to prevent
AL. Aiba[26] looks at the assessment of blood supply where there isn’t a clear demarcation
line and conducts a study where the clinical effect of the time to arterial perfusion (TAP)
on anastomotic leakage (AL) was assessed, particularly in patients without ICG demarca-
tion. The methods employed were: Using ICG-A, the TAP in 110 patients undergoing col-
orectal surgery was evaluated. The transection line had to be altered for ICG demarcation,
and the TAP was measured at the new stump. According to the arterial route, the patients
were divided into marginal flow (MF) and direct flow (DF) groups. The third quartile or
slower TAP within each group was defined as delayed TAP. The conclusions were that, in
patients without ICG demarcation, delayed TAP may be useful for predicting high-risk AL
patients in the MF group; however, a diverting stoma or strict observation may be a rea-
sonable response.

To prevent AL, numerous solutions, including ICG angiography and transanal
drainage tubes (TDT), have been proposed. Although it was recently recognized that mi-
crobiota play a role in the pathogenesis of AL, primarily based on the results of animal
models, it is still unknown whether this mechanism can occur in humans, and a research
by Kawada [27] analyzed this aspect. The need for a proximal shift of the transection site
due to insufficient intestinal perfusion was significantly associated with high fecal volume,
which may reflect the correlation between intestinal perfusion and postoperative diarrhea.
In addition, the intensity of ICG fluorescence at the site of transection was significantly
correlated with fecal volume as measured by TDT.

Grafitsch [28] decided to look into the aspects of visible light spectroscopy(VLS) to

evaluate serosal oxygen saturation patterns during colorectal resections. Regarding the
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materials and procedures employed, those involved: the use of VLS on the colonic serosa,
the bowel perfusion of patients undergoing left-sided colorectal resections was evaluated
at various timepoints during surgery.

The primary outcome measure was the serosal oxygen saturation (5tO2) at the anas-
tomosis at various timepoints during surgery. The conclusion was that: during colorectal
resections, the researchers observed an increase in colonic StO2 during surgery. The ab-
sence of an association between the onset of AL and a decrease in StO2 demonstrates the
multifactorial nature of AL development. Seeliger [29] aimed to quantify potential differ-
ences in mucosal and serosal perfusion levels in an ischemic colon segment. Mucosal is-
chemic zones were larger than serosal ischemic zones. These findings suggest that an eval-
uation of bowel perfusion from the serosal side alone may underestimate the severity of
ischemia. Additional research is necessary to determine the optimal resection margin and
anastomotic site.

High ligation (HL) and low ligation (LL) of the inferior mesenteric artery (IMA)
continue to be debated in the field of rectal cancer surgery in terms of perfusion and
anastomosis leakage. Han [30] made a study on this aspect by using ICG. Randomization
was used to assign patients with rectosigmoid or rectal cancer to the high or LL group.

Before and after IMA ligation, ICG was injected, and ROI values were measured using an
image analysis program (HSL video).F max did not differ significantly between the two
groups, but T max was significantly greater and Slope max was significantly lower in the
HL group compared to the LL group. Significant associations were found between anas-
tomosis leakage and neoadjuvant chemoradiation and F max. T max increased and slope
max decreased significantly in the HL group following IMA ligation.

Nonetheless, the intensity of perfusion (F max) was not affected by the degree of IMA
ligation. Munechika[31] presented a study in which he demonstrated the safety and fea-
sibility of high ligation of the IMA for descending colon cancer without sacrificing addi-
tional distal colon using fluorescence evaluation of blood flow in the remnant colon.

AL is arguably the most challenging complication of anterior resection (AR). Before im-
plementing the double-stapling technique anastomosis, ICG was injected intravenously
and blood flow on the rectal stump was evaluated laparoscopically.

Iwamoto[32] conducted a quantitative analysis of the association between various param-
eters and AL. The results showed that T0, the time between when the ICG was injected
intravenously and when the ICG disappeared from the injection route, was significantly
longer in the AL group than in the non-AL group (P =.03). No other significant differences
existed between the AL and non-AL groups. T0 was longer in patients with AL compared
to those without the disease. If prolonged T0 can be identified intraoperatively, only ap-
propriate patients will be able to receive DS.

In Japan, lower rectal cancer with lateral lymph node metastasis is regarded as a local
disease, and lateral lymph node dissection is recommended (LLND). Nevertheless, lapa-
roscopic procedures are relatively challenging. To preserve the autonomic nerve and ure-
ter, the hypogastric fascia and ureter must be dissected from the vesical-hypogastric fas-
cia. In addition, lymph node dissection close to the internal iliac artery is difficult because
the internal iliac artery branches in numerous patterns.

Using a near-infrared ray fluorescent ureteral catheter (NIRFUC) and indocyanine green,
Ryu [33] and Gila-Bohorquez [34]investigated the utility of fluorescence ureter and vessel
navigation (ICG). The conclusions of the study was that fluorescence navigation of vessels
and the ureter is feasible in laparoscopic LLND and may increase patient safety. Figures
3.aand 3.b depict the use of fluorescent ureteral intraoperative devices for improved iden-
tification of the anatomic structures and enhanced and more secure dissection.
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In patients with locally advanced rectal cancer, a research by Kim[35] used fluorescence
to evaluate the learning process for performing robotic total mesorectal excision with lat-
eral pelvic node dissection.

Subjective visual assessment (SVA) of color, pulsations, and bleeding from cut edges dur-
ing colon pull-up surgery for corrosive oesophageal strictures is unreliable for predicting
conduit perfusion.

The conclusion of a research by Kumar [36] was that ICG-FI can enhance the subjective
visual assessment of conduit perfusion by detecting subtle hypoperfusion defects.

The goal of a study by Spagnolo [37] was to examine the current understanding of the
function of fluorescence imaging for intraoperative intestinal assessment in gynecological
surgery. All articles describing the application of indocyanine green (ICG) to bowel eval-
uations in gynecology or endometriosis surgery were evaluated. The results were that
ICG is an effective tool for assessing bowel vascularization, thereby potentially preventing
anastomotic leakage and recto-vaginal fistula, and is thus useful for endometriosis sur-
gery and bowel assessment in gynecological oncology procedures, a finding also de-
scribed by Ianieri[38].

Real-time characterization of the hypovascular pattern of endometriotic nodules has been
correlated with larger nodule size and lower microvessel density, thereby assisting sur-
geons in selecting the optimal transecting line and technique.

ICG angiography permits a laparoscopic and intrarectal assessment of the bowel, which
can serve as a double check of bowel perfusion and enable the evaluation of mucosa vas-
cularization.

ICG fluorescence can direct intraoperative decision-making following intestinal anasto-
mosis, discoid resection (also shown by Raimondo[39]), and rectal shaving, thereby pre-
venting anastomotic leakage and postoperative recto-vaginal fistula in low anterior resec-
tions.

3.2. To improve detection of cancer tissue and target treatment

Endoscopic imaging is the primary technique for detecting gastrointestinal diseases
that are detrimental to human health, and several enhancements and additional methods
are further presented by Li[40].

White light endoscopy (WLE) was the first method used for endoscopic examination
and remains the first step in the clinical examination of gastrointestinal diseases. Due to
its poor correlation with histopathological diagnosis, it is unable to accurately diagnose
gastrointestinal disorders. In recent years, numerous innovative endoscopic techniques
have been developed to enhance the detection accuracy of endoscopy. Using biocompati-
ble dye agents, chromoendoscopy (CE) increases the contrast between normal and dis-
eased tissues. Narrow band imaging (NBI) can enhance the contrast between capillaries
and submucosal vessels by modifying the light source acting on the tissue through the use
of special filters to visualize the vascular structure. Flexible spectral imaging color en-
hancement (FICE) technique uses reflectance spectrum estimation to obtain individual
spectral images and three selected spectral images to reconstruct an enhanced image of
the mucosal surface. Utilizing the different reflective properties of normal and diseased
tissues, the i-Scan technology obtains images and enhances image contrast through post-
processing algorithms.

In a subset of patients with colorectal peritoneal metastases, complete cytoreduction
has been the most important prognostic factor influencing long-term outcomes.

Imaging with indocyanine green fluorescence appears useful for detecting small subclin-
ical peritoneal implants in these patients.

Nonetheless, quantitative fluorescence analysis has not yet been standardized. A
study by Gonzales-Abos [41] had as a purpose to determine the sensitivity and specificity
of quantitative indocyanine green fluorescence in the detection of peritoneal metastases
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of non-mucinous colorectal origin. Indocyanine green was administered intravenously 12
hours prior to surgery. Cytoreduction was accomplished by identifying nodules under
white light and then indocyanine green. Finally, fluorescence ex vivo was evaluated. In
total, 52 nodules were resected, with histopathological analysis diagnosing 37 (71,1 per-
cent) as malignant. Five (13.5%) were undetectable under white light and could only be
identified through fluorescence. Under white light, a total of 15 noncancerous nodules
were detected, 8 of which were negative for fluorescence (53.3%). Fluorescence greater
than 181 units may be the threshold for malignancy, with a sensitivity and specificity of
89.0 and 85.0 percent, respectively, while uptake less than 100 units appears to correlate
with a benign pathology. Quantitative indocyanine green appears useful for assessing col-
orectal peritoneal metastases that are not mucinous. Fluorescence uptake above 181 units
appears to correlate with malignancy, while uptake below 100 units appears to correlate
with a benign pathology. Similar results were found also by Moran [42]. Lieto[43] finds
that the diagnostic performance of ICG-FI was significantly superior to both preoperative
(p = 0.027) and intraoperative (p = 0.042) conventional procedures, suggesting that in-
traoperative ICG-FI may improve outcomes for patients undergoing CS for PC from CRC.

A study by Lwin [44] describes molecular biomarkers associated with fluorescence in
pre-clinical and clinical evaluation. For the illumination of target lesions, an impressive
number of fluorescently labeled antibodies, peptides, particles, and other molecules re-
lated to cancer hallmarks have been developed, as shown by Mieog[45] , Privitera[46],
Nagaya[47] and Tipirneni[48] . Zhang [49]researches on the theme of the recent progress
of activable molecular probes, with applications from fluorescence guided surgery to en-
doscopy and tissue biopsy.

Despite the fact that only a few of these imaging agents have advanced beyond early-
phase clinical trials, new methods are being implemented to bring them to the clinic.

For this translational process to be successful, target selection, imaging agents and
their associated detection systems, and clinical implementation must work in perfect
unison to enable real-time intraoperative visualization that is beneficial to patients.

The metal-organic framework-mediated chemo-photothermal therapy guided by
photoacoustic imaging (PAI) is an accurate and effective method for tumor inhibition,
which can synergistically achieve immunogenic cell death and result in an increasing in-
filtration of immune cells into the tumor microenvironment, thereby enhancing the sensi-
tivity for immune checkpoint blockade (aPD-L1) therapy.

This type of therapy can not only reduce the systemic toxicity caused by conventional
treatments, but it can also address the issue of immune checkpoint blockade's poor effi-
cacy in colorectal cancer (CRC). As described by Liu[50], metal-organic structure oxali-
platin (OXA) and indocyanine green (ICG) were loaded into hyaluronic acid (HA)-modi-
fied MIL-100 (Fe) nanoparticles in order to obtain multifunctional nanoparticles (OIMH
NPs). The OIMH NPs exhibited sensitive photoacoustic imaging (PAI) for imaging-
guided therapy and exhibited a favorable synergistic effect when chemotherapy was com-
bined with photothermal therapy (PTT) to eradicate tumor cells. Immunogenic cell death
(ICD) and T-cell activation induced by chemo-photothermal therapy may sensitize to im-
mune checkpoint blockade (aPD-L1) response, thereby inducing systemic antitumor im-
munity. The combination of chemotherapy, PTT, and aPD-L1 was finally responsible for
the observed inhibition of tumor growth.

3.3. For Lymph node mapping and lymph node metastasis

In numerous types of cancer, indocyanine green has been widely utilized as a safe
and straightforward technique for mapping sentinel lymph nodes.

In spite of this, the use of Indocyanine green has not been fully implemented due to the
heterogeneous findings of published studies. Consequently, the purpose of a meta-anal-
ysis by Villegas-Tovar [51] was to evaluate the overall performance of Indocyanine green
for sentinel lymph node mapping and node metastasis in colorectal cancer patients
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undergoing surgery. Unrestricted by time constraints, a comprehensive systematic search
was conducted to identify relevant studies in English and Spanish.

A hierarchical summary receiver operating characteristic curve (HSROCs) was con-
structed for the meta-analysis, and random effects models were used to synthesize quan-
titative data. Specificity, sensitivity, positive likelihood ratio, and negative likelihood ratio
were derived from the respective HSROC. The conclusion indicated that, indocyanine
green for the detection of sentinel lymph node mapping is more accurate when applied
laparoscopically, and to colon cancer.However, its overall performance for lymph node
metastasis detection is poor.

A study by Li[52] describes a method for fluorescently staining excised lymph nodes
using paired-agent molecular imaging principles, which involve co-administration of a
molecular-targeted imaging agent and a suitable control (untargeted) agent, with the sig-
nal from the control agent accounting for any nonspecific retention of the targeted agent.

Dual-needle continuous infusion of either an antibody-based imaging agent pair (ep-
idermal growth factor receptor (EGFR) targeted agent: IRDye-800CW labeled Cetuximab;
control agent: IRDye-700DX-IgG) or an Affibody-based imaging agent pair (EGFR tar-
geted Affibody® agent: ABY-029; control agent IRDYN-700DX carboxylate) .The results
indicated the possibility of achieving >99% sensitivity and >95% specificity for the detec-
tion of a single micrometastasis (0.2 mm in diameter) in a whole lymph node within 22
minutes of tissue processing.

The detection capabilities offer significant enhancements over existing intraoperative
lymph node biopsy techniques (e.g., frozen pathology has a micrometastasis sensitivity of
20%).

3.4. In inflammatory bowel disease (IBD)

After a restorative proctocolectomy and ileal J-pouch, an anastomotic leak (AL) in-
creases morbidity and the risk of pouch failure. Consequently, a perfusion assessment is
essential during J-pouch formation. Although indocyanine green near-infrared fluores-
cence (ICG-NIRF) has demonstrated the potential to reduce ALs, its applicability in a re-
storative proctocolectomy is still uncertain.

The objective of a study by Eder [53]was to develop a standardized method for in-
vestigating ICG-NIRF and ALs in pouch surgery. The methods used were the following:
patients undergoing a restorative proctocolectomy with an ileal J-pouch for ulcerative co-
litis at an IBD-referral center were enrolled in a prospective study with the primary out-
come being an AL within 30 days postoperatively. Standardized perfusion visualization
with ICG-NIRF was performed intraoperatively and videotaped at three time points for
postoperative analysis. The correlation between quantitative clinical and technical varia-
bles (secondary outcome) and the primary outcome was determined by descriptive anal-
ysis and logistic regression. The definition and classification of AL of the J-pouch have
been modified. A pouchoscopy was routinely performed postoperatively to screen for AL.
In 25 patients, neither intraoperative ICG-NIRF-visualization, nor its postoperative visual
analysis indicated an AL. In all cases of ALs, the anastomotic site appeared completely
fluorescent with a strong fluorescence signal (category 2). (4 of 25). The anastomotic site
remained unchanged. ICG-NIRF visualization was standard and reproducible. The data
obtained in the study indicated that the visual interpretation of ICG-NIRF alone may not
detect pouch ALs in all cases; in the future, quantitative and objective methods of inter-
pretation may be required.

A conclusion from a research by Spinelli [54] was that FA may aid in reducing per-
fusion-related anastomotic leaks during IPAA surgery and that a prospective randomized
study is required.

3.5. Studies that intent quantification of perfusion through the association of fluorescence
and other methods
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Traditional methods for determining colonic perfusion rely on the surgeon's visual
examination of tissue. Fluorescence angiography provides qualitative information, but
there is still disagreement regarding how to interpret the observed signal. It is unknown
whether fluorescence correlates with physiological tissue properties, such as oxygen
saturation. A study by Soares [55] sought to establish a correlation between fluorescence
intensity and colonic tissue oxygen saturation. The arrival time of indocyanine green in
tissues is presented as a potential quantification index for tissue oxigenation by Egi [56],
who measured the tissue oxygen saturation (StO2) in the intestinal tract using near-
infrared spectroscopy, because it is able to measure the oxygen concentration precisely
and displays objective data immediately.

In this study, we hypothesize that the time required for ICG to reach the anastomotic
site after intravenous injection is an effective parameter for quantifying ICG fluorescence
angiography when compared to the data of S5tO2 in the gastrointestinal tract.

Acute mesenteric ischemia is a challenging condition that is frequently caused by
intestinal vessel occlusion.In therapeutic algorithms, revascularization of the occluded
vessel and surgical removal of necrotic intestine are included. Necrotic intestine can be
difficult to identify visually in different clinical settings.

In a research by Mehdorn [57], it was found that, for objective intraoperative
evaluation of intestinal perfusion, tools such as hyperspectral imaging (HSI) and
indocyanine green fluorescence angiography (ICGFA) may be useful.

The above mentioned idea was studied comparatively by Barberio [58] , between
quantitative fluorescence angiography and hyperspectral imaging in the assessment of
bowel ischemia. Using hyperspectral imaging and fluorescence-based augmented reality,
a segment of ischemic bowel created by dividing the arcade branches was imaged. Using
a hyperspectral imaging system, tissue oxygenation values were obtained.Subsequently,
fluorescence angiography was performed using a near-infrared laparoscopic camera and
indocyanine green injected intravenously at a dose of 0.2 mg/kg. Using proprietary
software, the time-to-peak fluorescence signal was analyzed to generate a perfusion
map.This was superimposed on real-time images to create enhanced reality based on
fluorescence. Simultaneously, nine adjacent regions of interest were chosen and
superimposed onto the real-time video, resulting in hyperspectral-based augmented
reality. The superimposition of fluorescence-based enhanced reality and hyperspectral-
based enhanced reality allowed for a comparison of the two imaging modalities. Local
lactate levels in capillaries were measured in regions of interest.

On the basis of both imaging systems, two prediction models utilizing the local capillary
lactate levels were extrapolated. The study concluded that hyperspectral imaging and
fluorescence angiography were used to quantify bowel perfusion. Fluorescence
angiography produced less accurate results than hyperspectral imaging.Enhanced reality
based on hyperspectral imaging may prove to be a valuable, contrast-free intraoperative
tool for quantifying bowel ischemia.

As inadequate arterial blood supply and venous congestion both contribute to
anastomotic complications, the objective of a study by Quero[59] was to evaluate a
software-based analysis of the fluorescence signal to identify bowel ischemia patterns.
Conclusions: The computer-assisted dynamic analysis of the fluorescence signal permits
differentiation between various models of bowel ischemia.

Pfahl [60] studied hyperspectral and ICG quantitatively in order to make a more precise
evaluation of tissue perfusion. Two data processing pipelines capable of reconstructing
an ICG-FA correlating signal from hyperspectral data have been developed for the first
time. Results were evaluated on a technical level and compared to data obtained during
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colorectal resections. In 87 percent of 46 data sets, the reconstructed images were similar
to the original data. The combined application of ICG-FA and HSI within a single imaging
system could provide supportive and complementary information regarding tissue
vascularization, reduce perioperative mortality, and shorten surgical procedures.

Jansen-Winkeln [61] found that , in 115 patients undergoing colorectal resections,
intraoperative HIS(hyperspectral imaging) is safe, reproducible, and does not interfere
with the surgical workflow. In addition, it measures bowel surface perfusion. HSI could
become an intraoperative guidance instrument, thereby preventing potential
postoperative complications.

During colorectal surgery, the main limitation of perfusion assessment with indocyanine
green fluorescence angiography is that the surgeon subjectively evaluates the quality of
perfusion. The optimal intestinal viability test must be objective, minimally invasive, and
reproducible. Kojima[62] assessed the quantitativity and reproducibility of laser speckle
contrast imaging for perfusion evaluation during colorectal surgery. The conclusion of the
research was that laser speckle contrast imaging is feasible for real-time, quantitative,
and highly reproducible assessment of bowel perfusion during colorectal surgery without
the use of contrast agents. On the contrary, Jonas Hedelund Ronn[63] finds that Q-ICG
and LSCI (laser spectrum contrast imaging) are not interchangeable, but they can
complement one another. Angle and distance have a significant influence on LSCI. q-ICG,
on the other hand, is minimally affected by varying experimental conditions and is more
readily applicable in minimally invasive procedures.

Joosten [64]looks at the use of ICG in acute setting and finds that intraoperative use of FA
influences surgical decisions regarding bowel resection for intestinal ischaemia,
potentially allowing bowel preservation in one-quarter of patients.

To optimize the best use of this technology for this indication and to establish standards
for the interpretation of FA images and the potential need for second-look surgeries,
prospective studies are required.

Vaassen [65] showed that, based on an intensity over time signal, quantitative FA
appears to be a promising and objective method. Nonetheless, there is no agreement on
the acquisition and interpretation of quantified FA parameters at this time. The author
developed algorithms for the automatic extraction of inflow-based parameters, including
the time to reach 50 percent of maximal intensity (T (1/2)) and the maximal normalized
slope (slp n). These parameters provide a more accurate representation of clinical
endpoints than direct intensity measurements. A changepoint detection algorithm was
created to extract the beginning and endpoints of an intensity increase, enabling the
calculation of T (1/2). In order to account for signal noise, the slope of the signal was
estimated using least squares. FA was carried out on the small intestines of 38 individuals
with normal intestinal perfusion. Comparison was made between the performance of the
changepoint detection algorithm and manual extraction. The proposed method of using
quantified FA to assess intestinal perfusion perioperatively is objective, practical, and
appears extremely promising. The generation of immersive cartograms and direct access
to objective information regarding bowel viability after vascular reconstruction are made
possible by an automated method.

Various parameter-based perfusion analyses for quantitative evaluation have been
studied in recent years, but the analysis results vary depending on the quantitative
parameters used due to differences in vascular anatomical structure. Therefore, real-time
microperfusion analysis based on artificial intelligence (AI) can help improve precision
and consistency (AIRAM). The aim of a research by Park[66] was to evaluate the viability
of AIRAM to predict anastomotic complication risk in patients undergoing laparoscopic
colorectal cancer surgery.The results of the study showed that: Al-based risk and
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conventional quantitative parameters such as T1/2max, time ratio (TR), and rising slope
(RS) were consistent when colonic perfusion was favorable and ICG curve pattern was
steeply increasing. When the ICG graph pattern exhibited a stepped rise, the accuracy of
conventional quantitative parameters declined, whereas the Al-based classification
consistently maintained its accuracy. For predicting anastomotic complication risks, the
receiver operating characteristic curves for conventional parameters and Al-based
classification were comparable. The Al-based analysis improved the statistical
performance verifications. Al analysis was determined to be the most accurate predictor
of anastomotic complication risk. The F1 score of the Al-based algorithm improved by
31% for T1/2max, 8% for TR, and 8% for RS. AIRAM's processing time was measured to
be 48.03 seconds, making it suitable for real-time processing. The conclusion of the
research : Al-based real-time microcirculation analysis can be performed with greater
precision and consistency than the conventional parameter-based method.

D’Urso[67] studied fluorescence-based enhanced reality (FLER) is a computer-based
quantification method for evaluating bowel perfusion using fluorescence angiographies.
During colorectal resections, the purpose of this prospective study was to assess the
clinical feasibility and correlate FLER with metabolic perfusion markers. FLER enables the
visualization of the quantified fluorescence signal in augmented reality and offers a
reproducible estimation of bowel perfusion.

The purpose of a study by Tokunaga [68]was to demonstrate that measuring
intestinal temperature via thermography is useful for assessing blood perfusion.
Additionally, the authors investigated the relationship between intestinal temperature
and ICG fluorescence time (FT). Using thermographic images, the temperature boundary
could be easily identified. The residual intestinal tract temperature was significantly
higher than that of the resected intestinal tract at the planned separation line (29.9 versus
27.3°C). In addition, there was an inverse relationship between the ICG FT and the
residual intestine temperature. The conclusion was that  bowel temperature
measurement by thermography is a useful new method for assessing intestinal blood
perfusion.

3.6. To estimate optimal resection in relation to liver function for colorectal metastases

In visceral surgery, it is primarily used to assess the perfusion of gastrointestinal
anastomoses and to support lymph node dissection; however, preliminary studies suggest
that it could also be used to detect liver metastases during staging laparoscopies or
cytoreductive surgery, as shown by Knospe [69].

Traditionally, patients undergoing hepatic surgery have been evaluated using
radiological and quantitative measures of liver function.As more complex and extensive
surgery is now being performed, frequently in the presence of cirrhosis/fibrosis or after
the administration of chemotherapy, it is questioned whether additional evaluations may
be necessary prior to undertaking such procedures.

The purpose of a review by Morris-Stiff [70]Jwas to determine the current state of
knowledge regarding the pre- and post-operative quantitative assessment of hepatic
function in patients undergoing hepatic resection and liver transplantation. The review
has identified a number of different methods for dynamically assessing hepatic function,
with indocyanine green clearance being the most common.

It is difficult to perform major hepatectomy on patients with marginal hepatic
function. In certain instances, the procedure is contraindicated due to the possibility of
postoperative liver failure. In a case report by Kato [71], the first patient is presented
with marginal liver function (indocyanine green clearance retention rate at 15 minutes
[ICGR15]: 28%), who was successfully treated with a right hepatectomy, resulting in the
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preservation of the entire caudate lobe. After chemotherapy, all metastatic lesions shrunk,
but his ICGR15 and indocyanine green clearance rate (ICGK) were 21% and 0.12%,
respectively. In addition, the residual liver volume was only 39 percent. Therefore, a right
portal vein embolism (PVE) was suggested. Portography revealed the significant
preservation of the right caudate lobe branch (PV1R) from the right portal vein's origin.
After 18 days, the liver function was re-evaluated. During this period, the ICGR15 (21-28
percent) and ICGK rate (0.12-0.10 percent) declined. Significant enlargement of the right
caudate lobe necessitated a total caudate lobe-preserving hepatectomy (TCPRx). TCPRx-
eligible patients had (1) hepatocellular carcinoma or metastatic liver cancer, (2) no tumor
in the caudate lobe, (3) marginal liver function (ICG Krem greater than 0.05 if TCPRx was
adapted; otherwise, less than 0.05) and Child-Pugh classification category A, and (4)
preserved PVIR and right caudate bile duct branch.The procedure consisted in: (A)
precise estimation of the remnant liver volume preoperatively, (B) repeated intraoperative
cholangiography to confirm the conservation of the biliary branch of the right caudate
lobe (B1R), and (C) stapler division of posterior and anterior Glisson's pedicles laterally to
avoid injury to the PVIR and B1R. Conclusions : For patients with marginal liver function,
right hepatectomy with total caudate lobe preservation following PVE was a safe and
viable surgical procedure.

A study by Li [72] aimed at evaluating the correlation between the intensity of
indocyanine green (ICG) fluorescence in near-infrared fluorescence-guided surgery
(NIRFGS) and preoperative liver function indicators. The absolute fluorescence intensity
of mice in the model of liver injury was greater than that of mice in the control group. The
clearance rate of ICG from the tumor in the liver injury model group was identical to the
clearance rate in normal mice. However, the background clearance rate was slower than
that of normal mice, extending the optimal time for the tumor-to-background ratio (ITBR).
In addition, correlation analysis was employed to determine which preoperative liver
function parameters were most strongly correlated with hepatic ICG clearance.
Conclusions: a liver injury does not have a significant effect on the maximum TBR, but it
does extend the optimal TBR time, creating a wider and more stable surgical window.
According to preoperative liver function testing using NIR fluorescence imaging
technology, this study revealed that a delayed surgical start time is feasible.

3.7. To assess a flap

Gracilis muscle interposition (GMI) is a well-established option for the treatment and
reconstruction of complex perineal fistulas. Complications such as necrosis, impaired
wound healing, and fistula persistence or recurrence limit the outcome. There are no
intraoperative quantitative methods for evaluating muscle flap perfusion. A study by
Lobbes [73] evaluates a novel and objective software-based assessment of ICG-NIRF in
GML. The methods used: five patients with inflammatory bowel disease (IBD) undergoing
GMI for perineal fistula and reconstruction had intraoperative ICG-NIRF visualization
data analyzed retrospectively. By displaying the fluorescence intensity over time, new
software was utilized to generate perfusion curves for the specific regions of interest
(ROIs) of each GML. In addition, pixel-to-pixel analysis and perfusion zone analysis were
conducted. Clinical outcome was correlated with the findings. Four patients underwent
GMI surgery without complications within three months. These novel perfusion
indicators (curve shape, maximum slope value, distribution, and range) indicated
adequate perfusion. In one patient, GMI was unsuccessful. Indicators of perfusion in this
instance indicated impaired perfusion. The authors concluded that they present a novel,
software-based method for assessing ICG-NIRF perfusion, identifying objective
indicators of muscle flap perfusion that were previously unknown. This method is ready
for intraoperative real-time use and has the potential to optimize GMI surgery in the
future.

3.8. Experimental research and results hinting at future clinical achievements
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It is believed that decreased intestinal perfusion contributes to the pathogenesis of
necrotizing enterocolitis (NEC). A research by Knudsen [74] aimed to evaluate intestinal
perfusion assessment in NEC-lesions . Quantitative fluorescence angiography with
indocyanine green (q-ICG) was used during laparoscopy and open surgery. To induce
NEC, 34 preterm piglets were delivered by cesarean section and fed parenteral nutrition
and increasing volumes of infant formula. Macroscopic NEC-lesions were evaluated
during surgery using a validated macroscopic scoring system (1-6 for increasing NEC
severity). The intestinal perfusion was evaluated using q-ICG and quantified using a
validated computer algorithm for pixel intensity. The conclusion was that q-ICG appears
to be a practical and useful method for assessing the perfusion of tissue with NEC-lesions.
The authors discovered a dividing line between intestines with NEC scores of 1-3 and
those with NEC scores of 3-6 in the colon and 3—4 in the small intestine.

Recently, it was discovered that nerves emit near-ultraviolet (NUV) light
fluorescence. The objectives of a study by Dip [75]were to determine the degree to which
nerves fluoresce brighter than background and vascular structures in NUV light and to
determine the intensity of NUV light at which nerves are most distinguishable from other
tissues. A fluorescence score of 200 is 100 percent accurate at distinguishing nerves from
other anatomical structures in vivo at all NUV intensities 35%. In experimental settings
on animal models, nerves were studied by determination of nerve signal- to- background
ratios, as reported by Barth[76].

Wang [77] shows how a novel cyclic TMTP1 homodimer TMTP1-PEG4 ICG was
successfully constructed and synthesized and exhibited more senzitive tumor detection
than its monomer, it could also vizualize lymph node metastases from normal lymph
node and proved to be an attractive photothermal agent to significantly inhibit tumor
growth under NIR laser irradiation. Moreover, highly porous and injectable hydrogels
derived from cartilage acellularized matrix exhibit reduction and NIR light dual resposive
drug release in antitumor therapy, as demonstrated by Gulfam[78].

Current studies look into the multispectrum analysis of dyes for better accuracy of
the results. For instance, Polom [79], by using one camera system for two distinct near-
infrared wavelengths, employed two fluorophores — indocyanine green (ICG) and
methylene blue (MB) — during different stages of colorectal surgery as described in our
report. The study revealed a significant opportunity for the use of two distinct
fluorophores in colorectal surgery, where the visualization of one does not affect the
quantification analysis of the other.Utilizing two distinct dyes during a single procedure
may aid in optimizing the fluorescent properties of both dyes when used for distinct
applications. Visualization of different structures by different fluorophores appears to be
the future of image-guided surgery and demonstrates progress in image-guided surgery's
optical technologies. Van Beurden[80] discusses the combination of complementary
fluorescent readouts during the same surgical procedure, also known as multi-
wavelength fluorescence guidance, will present future challenges.

Although laparoscopic resection is becoming more and more common for early
gastric and colorectal cancers, it is difficult to detect tumors in the stomach and intestine
due to the absence of tactile sensation. Lee[81] proposes the use of an indocyanine green
(ICG)-loaded alginate hydrogel system as a fluorescence surgical marker for accurate
laparoscopic procedures. Results: The optimal concentration of the ICG-HSA complex
was determined to be 30 M, and the maximum fluorescence intensity of the complex was
obtained with a mole ratio of 1:1 between HSA and ICG. Injecting ICG or ICG-HSA
solution subcutaneously into mice caused the fluorescence signal to rapidly spread
around the injection site within 3 hours, and 24 hours later, a weak fluorescence was
detected at the injection site. In contrast, ICG-HSA-loaded alginate gel effectively
prolonged the fluorescence detection time up to 96 hours post-injection, while preventing
the diffusion of the injected ICG from the injection site.Even after three days, injection
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sites of the hydrogel in porcine stomach could be accurately detected in real time during
laparoscopic surgery.Conclusions: This alginate hydrogel system has the potential to
serve as an accurate and durable surgical marker for laparoscopic procedures.

The objective of a study by Marston[82] was to identify an optical imaging agent for
the use of FGS technology on CRC. In which concerns the methods: the authors compared
a panitumumab-IRDye800CW conjugate to an isotype control IgG-IRDye800CW
conjugate.Mice were implanted with one of three CRC cell lines (LS174T, Colo205, and
SW948), and open- and closed-filed fluorescence imaging systems were used to capture
images.To quantify fluorescent contrast, the ratio between tumor and background
fluorescence was calculated.The mice were sacrificed after 10 days, and their tumors were
stained for microscopic imaging. Panitumumab-IRDyeS800CW produces significantly
greater fluorescent contrast than IgG-IRDye800CW in a murine model of colorectal cancer
and is an agent suitable for the application of FGS technology to CRC.

Optical imaging (OI) provides clinical imaging in real-time as well as simultaneous
molecular, morphological, and functional data on disease processes.

Kan[83] presents a novel interventional OI technique that permits in vivo visualization of
three distinct pathologic zones of ablated tumor periphery for immediate detection of
residual tumors during radiofrequency ablation (RFA) treatment. Eight rabbits with
orthotopic hepatic tumors were categorized into two groups: incomplete RFA and
complete RFA. Interventional OI based on indocyanine green was used to distinguish
between three pathological zones: ablated tumor, transition margin, and residual tumor
or surrounding normal liver, with quantitative comparison of signal-to-background ratios
between the three zones and between incompletely and completely ablated tumors.Ex
vivo Ol and correlation with pathology were performed to confirm the results of
interventional OI. Interventional OI could differentiate partially or completely ablated
tumor margins, allowing for the detection of residual tumor.This method may provide
new opportunities for assessing tumor eradication during a single interventional ablation
session.

Brain neuropeptides are secreted in a spatiotemporally coordinated manner during a
stress response.For a precise understanding of peptide functions in a stress response, it is
necessary to investigate their release, diffusion, and breakdown in the brain.

Indicators of genetically encoded fluorescent calcium have significantly advanced our
understanding of the functions of specific neuronal activity in the regulation of behavioral
changes and physiological responses during stress over the past two decades.In addition,
numerous structural details regarding G-protein-coupled receptors (GPCRs) for
neuropeptides have been uncovered.Utilizing conformational changes induced by ligand
binding, fluorescent sensors with genetic encoding have been developed recently for the
detection of neurotransmitters. For instance on the correlation between oxytocin(OT) and
nerve development at the level of the bowel, OT is produced by enteric neurons, and both
enteric neurons and enterocytes express developmentally regulated OT receptors (OTRs),
as found by Welch [84] and Padurariu [85]. The findings suggest that OTR-mediated sig-
naling is an important physiological regulator of enteric neuronal activity, mucosal home-
ostasis, intestinal permeability, and intestinal inflammation.

Bergenheim [86] and Raducanu[87], as part of the homeostatic process, intestinal stem
cells located at the base of Lieberkiihn crypts generate progeny that replace resident cells
that are shed from the tip of villi.
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These stem cells can be propagated in vitro as organoids and orthotopic transplantation
in murine models of mucosal injury revealed that intestinal organoids can spontaneously
attach and integrate into the damaged epithelium, thereby accelerating the healing pro-
cess and resulting in improved weight gain

This suggests that transplantation of intestinal stem cells may be applicable in humans to
actively promote mucosal healing and could potentially be used to treat a wide range of
gastrointestinal disorders, including inflammatory bowel disease, in which mucosal heal-
ing is a key treatment objective and the most important predictor of clinical remission

To assess engraftment efficiency and to monitor wound healing, it is essential to track
transplanted cells in vivo, especially during the preclinical phase.

The feasibility of using a panel of fluorescent dyes and nanoparticles to label intestinal
organoids for visualization with the clinically approved imaging modality, confocal laser
endomicroscopy, was investigated (CLE).

Using CLE, the homogeneity, durability, cell viability, differentiation capacity, and effi-
ciency of organoid formation were assessed, along with the visualization of labeled or-
ganoids in vitro and ex vivo.

It is highly feasible to use fluorescent dye-based labeling in conjunction with CLE to track
intestinal organoids after transplantation in order to confirm implantation at the intestinal
target site.

Any antibody or small molecule that targets cancer could theoretically be labeled with
bioluminescent or fluorescent agents. Fluorescence imaging (FI) and bioluminescence
imaging (BLI) have been used extensively in preclinical research for quantifying tumor
bulk, evaluating the targeting of tumors by experimental agents, and differentiating
between the primary and secondary effects of cancer treatments. Highly cancer-specific,
fluorescent probes that can be imaged are being developed. This will enable the
identification of tumors for staging, the monitoring of novel therapeutic agents, the
facilitation of adequate surgical resection, and the performance of image-guided biopsies.
According to a research by Woo[88] (1) a fluorescent protein that is biologically safe,
stable, and clearly visible with a high target-to-background ratio, and (2) highly sensitive
optical detectors are essential FI components.

Present research accomplishments have been reported by De Galitiis[89] in p53 gene
mutations in colorectal cancer by means of FAMA=Fluorescence assisted mismatch
analysis. In the author’s personal opinion, an extensive study on p53 gene polimorphism
in a defined population could be done using FAMA, by means of targetting a particular
area(according to a geodemographic classification- for instance Romanian people and
their genetic polimorphism, as described previously by Murarasu[90] [91]). An
intervention as such could consistently help in cancer control in that area, because the
identification of more prevalent mutations could imply earlier diagnosis and earlier
treatment.

Also, another personal opinion is that q -ICG could very well be used in the diagnosis and
treatment of a localized infection in the abdominal region, either with an
intraperitoneal(Xie [92]) or retroperitoneal site(Marincas [93] ).

4. Discussion

Near-infrared (NIR) light-assisted fluorescence surgery is a relatively new technique.
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This technique combines dyes and NIR imaging equipment to improve the visible spec-
trum. Consequently, it may provide more precise anatomic and functional information,
allowing for a more thorough resection of a tumor or the protection of vital normal struc-
tures.

The technique of indocyanine green fluorescence has increasing perioperative and in-
traoperative applications in colorectal surgical interventions, both from a qualitative as
from a quantitative point of view.

Several studies have demonstrated that intraoperative fluorescence imaging is a safe and
feasible method for evaluating anastomotic perfusion during colorectal surgery, and its
use may improve the patient's clinical outcome by mainly reducing the incidence of
anastomotic leaks.

The number of new indications for the use of indocyanine green continues to grow, in-
cluding new options for detecting and guiding the management of colorectal liver metas-
tases.

By enhancing the precision and efficacy of general surgery and surgical oncology, all of
these developments could provide surgeons and patients with a wealth of information
and benefit.

Fl Mode

Figures 1.a and 1.b. ICG-enhanced fluorescence-guided evaluation of colonic perfusion following division
of the mesentery during laparoscopic left colectomy. Images captured intraoperatively in Monochromatic
NIR/ICG mode (a) and NIR/ICG Intensity Map mode (b). The tip of the forceps indicates the edge of the
well-perfused region.
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Figures 2.a and
2.b

Figures 2.c and
2.d

Figures 2.e. and
2.f

Figures 2.g

(Fig. 2.a—g). In this case, ICG enhanced fluorescence imaging not only helps in localizing metastatic lesions,
but also facilitates to determine the resection margins. Fig. 2. ICG-enhanced fluorescence-guided liver
resection for metastatic hepatic lesions. The intraoperative images (a) to (g) were captured using the
following visualization modes: a. White light mode. b. NIR/ICG Overlay mode. c. NIR/ICG Intensity Map
mode. d. NIR/ICG Overlay mode (open surgery). e. NIR/ICG Overlay mode (macroscopic view of

the surgical specimen after extraction). f. NIR/ICG Monochromatic mode showing the same specimen as in

(e). g. NIR/ICG Intensity Map mode showing the same specimen as in (e).
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Figures 3.a and 3.b. ICG-enhanced fluorescence imaging for visualization of the left ureter during left
colectomy. Intraoperative images (a, b) captured while using the green NIR/ICG Overlay mode

The images in figures 1,2, 3 and in their subsets are reproduced in this article courtesy of ©
KARL STORZ SE & Co. KG, Germany.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The author would like to thank © KARL STORZ SE & Co. KG,
Germany for the support offered in which concerns the images displayed in the present

article.
Conflicts of Interest: The authors declare no conflict of interest.

References

(1]

(2]

(3]

(4]

(5]

L. Ottobrini, C. Martelli, and G. Lucignani, “Optical Imaging Agents,” Molecular Imaging, pp. 603-625, 2021, doi:
10.1016/B978-0-12-816386-3.00035-1.

G. Pirovano, S. Roberts, S. Kossatz, and T. Reiner, “Optical imaging modalities: Principles and applications in
preclinical research and clinical settings,” Journal of Nuclear Medicine, vol. 61, no. 10, pp. 1419-1427, Oct. 2020,
doi: 10.2967/JNUMED.119.238279.

S. Morales-Conde, E. Licardie, I. Alarcon, and A. Balla, “Indocyanine green (ICG) fluorescence guide for the use
and indications in general surgery: Recommendations based on the descriptive review of the literature and the
analysis of experience,” Cirugia Espanola, 2022, doi: 10.1016/].CIRESP.2021.11.018.

A. Ghuman, S. Kavalukas, S. P. Sharp, and S. D. Wexner, “Clinical role of fluorescence imaging in colorectal
surgery - an updated review,” Expert Review of Medical Devices, vol. 17, no. 12, pp. 1277-1283, 2020, doi:
10.1080/17434440.2020.1851191.

S. R. Thammineedi et al., “Fluorescence-guided cancer surgery — A new paradigm,” Journal of Surgical Oncology,
vol. 123, no. 8, pp. 1679-1698, May 2021, doi: 10.1002/JSO.26469.


https://doi.org/10.20944/preprints202205.0383.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2022 doi:10.20944/preprints202205.0383.v1

(10]

(11]

(12]

(13]

(14]

(13]

(16]

(17]

(18]

(19]

(20]

E. Martinez-Lopez, A. Martinez-Pérez, S. Navarro-Martinez, J. C. Sebastian-Tomas, N. de’ Angelis, and E. Garcia-
Granero, “Real-time fluorescence image-guided gastrointestinal oncologic surgery: Towards a new era,” World
Journal of Gastrointestinal Oncology, vol. 13, no. 9, pp. 1029-1042, 2021, doi: 10.4251/WJGO.V13.19.1029.

W. Heeman et al., “A guideline for clinicians performing clinical studies with fluorescence imaging,” Journal of
Nuclear Medicine, p. jnumed.121.262975, Feb. 2022, doi: 10.2967/]NUMED.121.262975.

C. D. Liitken, M. P. Achiam, M. B. Svendsen, L. Boni, and N. Nerup, “Optimizing quantitative fluorescence
angiography for visceral perfusion assessment,” Surgical Endoscopy, vol. 34, no. 12, pp. 5223-5233, Dec. 2020, doi:
10.1007/500464-020-07821-Z.

M. E. Noltes et al., “A Novel and Generic Workflow of Indocyanine Green Perfusion Assessment Integrating
Standardization and Quantification Toward Clinical Implementation,” Ann Surg, vol. 274, no. 6, pp. E659-E663,
Dec. 2021, doi: 10.1097/SLA.0000000000004978.

M. D. Slooter et al., “Defining indocyanine green fluorescence to assess anastomotic perfusion during
gastrointestinal surgery: systematic review,” BJS Open, vol. 5, no. 2, Mar. 2021, doi: 10.1093/BJSOPEN/ZRA A(074.
H. min Ahn, G. M. Son, L. Y. Lee, S. H. Park, N. S. Kim, and K. R. Baek, “Optimization of indocyanine green
angiography for colon perfusion during laparoscopic colorectal surgery,” Colorectal Dis, vol. 23, no. 7, pp. 1848-
1859, Jul. 2021, doi: 10.1111/CODI.15684.

K. Gosvig et al., “Quantification of ICG fluorescence for the evaluation of intestinal perfusion: comparison
between two software-based algorithms for quantification,” Surgical Endoscopy, vol. 35, no. 9, pp. 5043-5050, Sep.
2021, doi: 10.1007/S00464-020-07986-7.

D. Gorpas, V. Ntziachristos, and ]. Tian, “Principles and Practice of Intraoperative Fluorescence Imaging,”
Molecular Imaging, pp. 143-152, 2021, doi: 10.1016/B978-0-12-816386-3.00009-0.

J. C. Gomez-Rosado et al., “Feasibility of quantitative analysis of colonic perfusion using indocyanine green to
prevent anastomotic leak in colorectal surgery,” Surg Endosc, vol. 36, no. 2, pp. 1688-1695, Feb. 2022, doi:
10.1007/500464-021-08918-9.

G. M. Son, M. 5. Kwon, Y. Kim, J. Kim, S. H. Kim, and J. W. Lee, “Quantitative analysis of colon perfusion pattern
using indocyanine green (ICG) angiography in laparoscopic colorectal surgery,” Surg Endosc, vol. 33, no. 5, pp.
1640-1649, May 2019, doi: 10.1007/500464-018-6439-Y.

N. Nerup, M. B. S. Svendsen, J. H. Ronn, L. Konge, L. B. Svendsen, and M. P. Achiam, “Quantitative fluorescence
angiography aids novice and experienced surgeons in performing intestinal resection in well-perfused tissue,”
Surgical Endoscopy, vol. 36, no. 4, pp. 2373-2381, Apr. 2022, doi: 10.1007/500464-021-08518-7/FIGURES/4.

G. Tang, D. Du, J. Tao, and Z. Wei, “Effect of Indocyanine Green Fluorescence Angiography on Anastomotic
Leakage in Patients Undergoing Colorectal Surgery: A Meta-Analysis of Randomized Controlled Trials and
Propensity-Score-Matched ~ Studies,”  Frontiers  in  Surgery,  vol. 9, Mar. 2022, doi:
10.3389/FSURG.2022.815753/FULL.

H. D. Vargas and D. A. Margolin, “Anastomotic Construction,” The ASCRS Textbook of Colon and Rectal Surgery,
pp. 157-187, 2022, doi: 10.1007/978-3-030-66049-9_9.

S. Trastulli, G. Munzi, J. Desiderio, R. Cirocchi, M. Rossi, and A. Parisi, “Indocyanine green fluorescence
angiography versus standard intraoperative methods for prevention of anastomotic leak in colorectal surgery:
meta-analysis,” British Journal of Surgery, vol. 108, no. 4, pp. 359-372, Apr. 2021, doi: 10.1093/BJS/ZNAA139.

M. Neddermeyer, V. Kanngiefler, E. Maurer, and D. K. Bartsch, “Indocyanine Green Near-Infrared
Fluoroangiography Is a Useful Tool in Reducing the Risk of Anastomotic Leakage Following Left Colectomy,”
Frontiers in Surgery, vol. 9, p. 850256, Mar. 2022, doi: 10.3389/FSURG.2022.850256.


https://doi.org/10.20944/preprints202205.0383.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2022 doi:10.20944/preprints202205.0383.v1

(21]

(22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

A. Brescia et al., “The Role of Indocyanine Green in Laparoscopic Low Anterior Resections for Rectal Cancer
Previously Treated with Chemo-radiotherapy: A Single-center Retrospective Analysis,” Anticancer Research, vol.
42, no. 1, pp. 211-216, Jan. 2022, doi: 10.21873/ANTICANRES.15475.

R. P. J. Meijer et al., “Quantitative dynamic near-infrared fluorescence imaging using indocyanine green for
analysis of bowel perfusion after mesenteric resection,” | Biomed Opt, vol. 26, no. 6, Jun. 2021, doi:
10.1117/1.JBO.26.6.060501.

J. C. Kim, J. L. Lee, and S. H. Park, “Interpretative Guidelines and Possible Indications for Indocyanine Green
Fluorescence Imaging in Robot-Assisted Sphincter-Saving Operations,” Dis Colon Rectum, vol. 60, no. 4, pp. 376~
384, Apr. 2017, doi: 10.1097/DCR.0000000000000782.

M. Ishii et al., “Efficacy of indocyanine green fluorescence angiography in preventing anastomotic leakage after
laparoscopic colorectal cancer surgery,” International Journal of Colorectal Disease, vol. 35, no. 2, pp. 269-275, Feb.
2020, doi: 10.1007/S00384-019-03482-0.

J. Higashijima et al., “Strategy to avoid anastomotic leakage in laparoscopic colorectal resection using the
indocyanine green fluorescence system,” International Surgery, vol. 105, no. 1, pp. 714-719, 2021, doi:
10.9738/INTSURG-D-20-00043.1.

T. Aiba et al., “The significance of the time to arterial perfusion in intraoperative ICG angiography during
colorectal surgery,” Surgical Endoscopy, vol. 35, no. 12, pp. 7227-7235, Dec. 2021, doi: 10.1007/S00464-020-08185-
0.

K. Kawada, T. Wada, T. Yamamoto, Y. Itatani, K. Hida, and K. Obama, “Correlation between Colon Perfusion
and Postoperative Fecal Output through a Transanal Drainage Tube during Laparoscopic Low Anterior
Resection,” Cancers 2022, Vol. 14, Page 2328, vol. 14, no. 9, p. 2328, May 2022, doi: 10.3390/CANCERS14092328.
A. Griéfitsch, P. Kirchhoff, S. D. Soysal, S. Daster, and H. Hoffmann, “Dynamic Serosal Perfusion Assessment
during Colorectal Resection Using Visible Light Spectroscopy,” European Surgical Research, vol. 62, no. 1, pp. 25—
31, May 2021, doi: 10.1159/000514921.

B. Seeliger et al., “Simultaneous computer-assisted assessment of mucosal and serosal perfusion in a model of
segmental colonic ischemia,” Surgical Endoscopy, vol. 34, no. 11, pp. 4818-4827, Nov. 2020, doi: 10.1007/500464-
019-07258-Z.

S. R. Han et al., “Quantitative evaluation of colon perfusion after high versus low ligation in rectal surgery by
indocyanine green: a pilot study,” Surg Endosc, vol. 36, no. 5, pp. 3511-3519, May 2022, doi: 10.1007/500464-021-
08673-X.

T. Munechika et al., “Safety and effectiveness of high ligation of the inferior mesenteric artery for cancer of the
descending colon under indocyanine green fluorescence imaging: a pilot study,” Surgical Endoscopy, vol. 35, no.
4, pp. 1696-1702, Apr. 2021, doi: 10.1007/500464-020-07556-X.

H. Iwamoto et al., “Quantitative Indocyanine Green Fluorescence Imaging Used to Predict Anastomotic Leakage
Focused on Rectal Stump During Laparoscopic Anterior Resection,” | Laparoendosc Adv Surg Tech A, vol. 30, no.
5, pp. 542-546, May 2020, doi: 10.1089/LAP.2019.0788.

S. Ryu et al., “Fluorescence vessel and ureter navigation during laparoscopic lateral lymph node dissection,”
Langenbeck’s Archives of Surgery, vol. 407, no. 1, pp. 305-312, Feb. 2022, doi: 10.1007/500423-021-02286-7.

A. Gila-Bohdrquez, J. Gémez-Menchero, J. L. Garcia-Moreno, J. M. Suarez-Grau, and J. F. Guadalajara-Jurado,
“Utility of indocyanine green for intra-operative localization of ureter in complex colo-rectal surgery,” Cirugia
Espanola, vol. 97, no. 4, pp. 233-234, Apr. 2019, doi: 10.1016/].CIRESP.2018.07.006.

H.J.Kim, G. S. Choi, J. S. Park, S. Y. Park, S. M. Lee, and S. H. Song, “Stepwise Improvement of Surgical Quality
in Robotic Lateral Pelvic Node Dissection: Lessons From 100 Consecutive Patients With Locally Advanced Rectal
Cancer,” Dis Colon Rectum, vol. 65, no. 4, pp. 599-607, Apr. 2022, doi: 10.1097/DCR.0000000000002329.


https://doi.org/10.20944/preprints202205.0383.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2022 doi:10.20944/preprints202205.0383.v1

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

(45]

[46]

[47]

(48]

[49]

(50]

[51]

S. P. Kumar ef al., “Indocyanine Green Near Infrared Fluorescence Imaging for Colonic Conduit Perfusion
Assessment in Colon Pull-up for Corrosive Oesophageal Strictures,” Indian Journal of Surgery, 2022, doi:
10.1007/512262-022-03317-3.

E. Spagnolo, 1. Zapardiel, and M. Gorostidi, “Role of fluorescence imaging for intraoperative intestinal
assessment in gynecological surgery: a systematic review,” Minimally Invasive Therapy & Allied Technologies, pp.
1-8, Apr. 2022, doi: 10.1080/13645706.2022.2064715.

M. M. Ianieri et al., “Indocyanine green in the surgical management of endometriosis: A systematic review,” Acta
Obstetricia et Gynecologica Scandinavica, vol. 100, no. 2, pp. 189-199, Feb. 2021, doi: 10.1111/AOGS.13971.

D. Raimondo et al., “Indocyanine green fluorescence angiography after full-thickness bowel resection for
rectosigmoid endometriosis: A multicentric experience with quantitative analysis,” International Journal of
Gynecology and Obstetrics, 2021, doi: 10.1002/IJGO.14059.

H. Li et al.,, “Advanced endoscopic methods in gastrointestinal diseases: A systematic review,” Quantitative
Imaging in Medicine and Surgery, vol. 9, no. 5, pp. 905-920, 2019, doi: 10.21037/QIMS.2019.05.16.

C. Gonzalez-Abods, A. B. Selva, F. B. de Lacy, S. Valverde, R. Almenara, and A. M. Lacy, “Quantitative
Indocyanine Green Fluorescence Imaging Assessment for Nonmucinous Peritoneal Metastases: Preliminary
Results of the ICCP Study,” Dis Colon Rectum, vol. 65, no. 3, pp. 314-321, Mar. 2022, doi:
10.1097/DCR.0000000000002246.

B. J. Moran, “Detecting and Managing Colorectal Peritoneal Metastases: Some ‘Light at the End of the Tunnel,””
Dis Colon Rectum, vol. 65, no. 3, pp. 301-303, Mar. 2022, doi: 10.1097/DCR.0000000000002302.

E. Lieto et al., “Fluorescence-Guided Surgery in the Combined Treatment of Peritoneal Carcinomatosis from
Colorectal Cancer: Preliminary Results and Considerations,” World Journal of Surgery, vol. 42, no. 4, pp. 1154—
1160, Apr. 2018, doi: 10.1007/500268-017-4237-7.

T. M. Lwin, M. A. Turner, S. Amirfakhri, H. Nishino, R. M. Hoffman, and M. Bouvet, “Fluorescence Molecular
Targeting of Colon Cancer to Visualize the Invisible,” Cells 2022, Vol. 11, Page 249, vol. 11, no. 2, p. 249, Jan. 2022,
doi: 10.3390/CELLS11020249.

J. 5. D. Mieog et al., “Fundamentals and developments in fluorescence-guided cancer surgery,” Nature Reviews
Clinical Oncology 2021 19:1, vol. 19, no. 1, pp. 9-22, Sep. 2021, doi: 10.1038/s41571-021-00548-3.

L. Privitera, I. Paraboschi, D. Dixit, O. ]J. Arthurs, and S. Giuliani, “Image-guided surgery and novel
intraoperative devices for enhanced visualisation in general and paediatric surgery: A review,” Innovative
Surgical Sciences, Feb. 2022, doi: 10.1515/1S5-2021-0028/ASSET/GRAPHIC/]_ISS-2021-0028_FIG_003.JPG.

T. Nagaya, Y. A. Nakamura, P. L. Choyke, and H. Kobayashi, “Fluorescence-guided surgery,” Frontiers in
Oncology, vol. 7, no. DEC, p. 314, Dec. 2017, doi: 10.3389/FONC.2017.00314/BIBTEX.

K. E. Tipirneni et al., “Oncologic Procedures Amenable to Fluorescence-guided Surgery,” Annals of Surgery, vol.
266, no. 1, pp. 3647, 2017, doi: 10.1097/SLA.0000000000002127.

Y. Zhang, G. Zhang, Z. Zeng, and K. Pu, “Activatable molecular probes for fluorescence-guided surgery,
endoscopy and tissue biopsy,” Chemical Society Reviews, vol. 51, no. 2, pp. 566-593, Jan. 2022, doi:
10.1039/D1CS00525A.

H. Liu et al, “Metal-organic framework-mediated multifunctional nanoparticles for combined chemo-
photothermal therapy and enhanced immunotherapy against colorectal cancer,” Acta Biomaterialia, vol. 144, pp.
132-141, May 2022, doi: 10.1016/J.ACTBIO.2022.03.023.

E. Villegas-Tovar et al., “Performance of Indocyanine green for sentinel lymph node mapping and lymph node
metastasis in colorectal cancer: a diagnostic test accuracy meta-analysis,” Surgical Endoscopy, vol. 34, no. 3, pp.
1035-1047, Mar. 2020, doi: 10.1007/500464-019-07274-Z.


https://doi.org/10.20944/preprints202205.0383.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2022 doi:10.20944/preprints202205.0383.v1

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

C. Li et al., “Intraoperative Detection of Micrometastases in Whole Excised Lymph Nodes Using Fluorescent
Paired-Agent Imaging Principles: Identification of a Suitable Staining and Rinsing Protocol,” Molecular Imaging
and Biology, vol. 23, no. 4, pp. 537-549, Aug. 2021, doi: 10.1007/511307-021-01587-Z.

P. Eder et al, “Perfusion Visualization during Ileal J-Pouch Formation&mdash;A Proposal for the
Standardization of Intraoperative Imaging with Indocyanine Green Near-Infrared Fluorescence and a
Postoperative Follow-Up in IBD Surgery,” Life 2022, Vol. 12, Page 668, vol. 12, no. 5, p. 668, Apr. 2022, doi:
10.3390/LIFE12050668.

A. Spinelli ef al., “Ileal pouch—anal anastomosis with fluorescence angiography: a case-matched study,” Colorectal
Disease, vol. 21, no. 7, pp. 827-832, Jul. 2019, doi: 10.1111/CODI.14611.

A.S. Soares, S. Bano, N. T. Clancy, D. Stoyanov, L. B. Lovat, and M. Chand, “Multisensor perfusion assessment
cohort study: Preliminary evidence toward a standardized assessment of indocyanine green fluorescence in
colorectal surgery,” Surgery, Feb. 2022, doi: 10.1016/].SURG.2021.12.021.

H. Egietal., “The arrival time of indocyanine green in tissues can be a quantitative index because of its correlation
with tissue oxygen saturation: A clinical pilot study,” Asian Journal of Endoscopic Surgery, vol. 15, no. 2, pp. 432—
436, Apr. 2022, doi: 10.1111/ASES.13002.

M. Mehdorn, S. Ebel, H. Kéhler, I. Gockel, and B. Jansen-Winkeln, “Hyperspectral imaging and indocyanine
green fluorescence angiography in acute mesenteric ischemia: A case report on how to visualize intestinal
perfusion,” International Journal of Surgery Case Reports, vol. 82, p. 105853, May 2021, doi:
10.1016/].1JSCR.2021.105853.

M. Barberio et al., “Quantitative fluorescence angiography versus hyperspectral imaging to assess bowel
ischemia: A comparative study in enhanced reality,” Surgery, vol. 168, no. 1, pp. 178-184, Jul. 2020, doi:
10.1016/].SURG.2020.02.008.

G. Quero et al., “Discrimination between arterial and venous bowel ischemia by computer-assisted analysis of
the fluorescent signal,” Surgical Endoscopy, vol. 33, no. 6, pp. 1988-1997, Jun. 2019, doi: 10.1007/500464-018-6512-
6.

A.Pfahl et al., “Combined indocyanine green and quantitative perfusion assessment with hyperspectral imaging
during colorectal resections,” Biomedical Optics Express, Vol. 13, Issue 5, pp. 3145-3160, vol. 13, no. 5, pp. 3145-3160,
May 2022, doi: 10.1364/BOE.452076.

B. Jansen-Winkeln et al., “Border Line Definition Using Hyperspectral Imaging in Colorectal Resections,” Cancers
2022, Vol. 14, Page 1188, vol. 14, no. 5, p. 1188, Feb. 2022, doi: 10.3390/CANCERS14051188.

S. Kojima, T. Sakamoto, Y. Nagai, Y. Matsui, K. Nambu, and K. Masamune, “Laser Speckle Contrast Imaging for
Intraoperative Quantitative Assessment of Intestinal Blood Perfusion During Colorectal Surgery: A Prospective
Pilot Study,” Surgical Innovation, vol. 26, no. 3, pp. 293-301, Jun. 2019, doi: 10.1177/1553350618823426.

J. H. Renn et al., “Laser speckle contrast imaging and quantitative fluorescence angiography for perfusion
assessment,” Langenbeck’s Archives of Surgery, vol. 404, no. 4, pp. 505-515, Jun. 2019, doi: 10.1007/500423-019-
01789-8.

J. J. Joosten et al., “The use of fluorescence angiography to assess bowel viability in the acute setting: an
international, multi-centre case series,” Surgical Endoscopy, vol. 1, pp. 1-7, Feb. 2022, doi: 10.1007/500464-022-
09136-7/TABLES/3.

H. Vaassen, B. Wermelink, B. Geelkerken, and D. Lips, “Fluorescence Angiography for Peri-Operative
Assessment of Bowel Viability in Patients with Mesenteric Ischaemia,” EJVES Vascular Forum, vol. 54, pp. €53—
e54, Jan. 2022, doi: 10.1016/].EJVSVF.2021.12.076.


https://doi.org/10.20944/preprints202205.0383.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2022 doi:10.20944/preprints202205.0383.v1

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

(73]

[76]

[77]

(78]

[79]

(80]

S. H. Park, H. M. Park, K. R. Baek, H. M. Ahn, I. Y. Lee, and G. M. Son, “Artificial intelligence based real-time
microcirculation analysis system for laparoscopic colorectal surgery,” World Journal of Gastroenterology, vol. 26,
no. 44, pp. 6945-6962, Nov. 2020, doi: 10.3748/W]G.V26.144.6945.
A. D’Urso et al., “Computer-assisted quantification and visualization of bowel perfusion using fluorescence-
based enhanced reality in left-sided colonic resections,” Surgical Endoscopy, vol. 35, no. 8, pp. 43214331, Aug.
2021, doi: 10.1007/S00464-020-07922-9.
T. Tokunaga et al., “Intraoperative thermal imaging for evaluating blood perfusion during laparoscopic
colorectal surgery,” Surgical Laparoscopy, Endoscopy and Percutaneous Technigues, vol. 31, no. 3, pp. 281-284, Jun.
2021, doi: 10.1097/SLE.0000000000000893.
L. Knospe et al., “New intraoperative imaging in oncological visceral surgery,” Best Practice Onkologie, vol. 16,
no. 6, pp. 268-276, Jun. 2021, doi: 10.1007/511654-021-00313-Z.
G. Morris-Stiff, D. Gomez, and R. Prasad, “Quantitative assessment of hepatic function and its relevance to the
liver surgeon,” | Gastrointest Surg, vol. 13, no. 2, pp. 374-385, Feb. 2009, doi: 10.1007/511605-008-0564-1.
H. Kato et al., “Right hepatectomy with preservation of the entire caudate lobe in patients with metastatic liver
tumors: a case of a new hepatectomy technique and treatment strategy for patients with marginal liver function,”
BMC Surgery, vol. 22, no. 1, pp. 1-5, Dec. 2022, doi: 10.1186/512893-022-01478-2/FIGURES/3.
Y. Li et al., “A study on setting standards for near-infrared fluorescence-image guided surgery (NIRFGS) time
lapse monitoring based on preoperative liver function assessment,” Annals of Translational Medicine, vol. 10, no.
2, pp- 96-96, Jan. 2022, doi: 10.21037/ATM-21-6975.
L. A. Lobbes, R. J. M. Hoveling, L. R. Schmidt, S. Berns, and B. Weixler, “Objective Perfusion Assessment in
Gracilis Muscle Interposition&mdash; A Novel Software-Based Approach to Indocyanine Green Derived Near-
Infrared Fluorescence in Reconstructive Surgery,” Life 2022, Vol. 12, Page 278, vol. 12, no. 2, p. 278, Feb. 2022, doi:
10.3390/LIFE12020278.
K. Bach Korsholm Knudsen et al., “Intestinal perfusion assessed by quantitative fluorescence angiography in
piglets with necrotizing enterocolitis,” Journal of Pediatric Surgery, vol. 57, no. 4, pp. 747-752, Apr. 2022, doi:
10.1016/].JPEDSURG.2021.10.021.
F. Dip, P. Bregoli, J. Falco, K. P. White, and R. ]. Rosenthal, “Nerve autofluorescence in near-ultraviolet light
markedly enhances nerve visualization in vivo,” Surgical Endoscopy 2021 36:3, vol. 36, no. 3, pp. 1999-2005, Apr.
2021, doi: 10.1007/500464-021-08484-0.

C. W. Barth, C. L. Amling, and S. L. Gibbs, “Fluorescent nerve identification in resected human tissue specimens,”
p- 27, Mar. 2019, doi: 10.1117/12.2510512.
L. Wang ef al., “A novel ICG-labeled cyclic TMTP1 peptide dimer for sensitive tumor imaging and enhanced
photothermal therapy in vivo,” European Journal of Medicinal Chemistry, vol. 227, p. 113935, Jan. 2022, doi:
10.1016/].EJMECH.2021.113935.
M. Gulfam, S. H. Jo, 5. W.Jo, T. T. Vu, S. H. Park, and K. T. Lim, “Highly porous and injectable hydrogels derived
from cartilage acellularized matrix exhibit reduction and NIR light dual-responsive drug release properties for
application in antitumor therapy,” NPG Asia Materials 2022 14:1, vol. 14, no. 1, pp. 1-17, Feb. 2022, doi:
10.1038/s41427-021-00354-4.
W. Polom et al., “Multispectral Imaging Using Fluorescent Properties of Indocyanine Green and Methylene Blue
in Colorectal Surgery—Initial Experience,” Journal of Clinical Medicine, vol. 11, no. 2, Jan. 2022, doi:
10.3390/JCM11020368.
F. van Beurden et al., “Multi-Wavelength Fluorescence in Image-Guided Surgery, Clinical Feasibility and Future
Perspectives,” Molecular Imaging, vol. 19, 2020, doi: 10.1177/1536012120962333.


https://doi.org/10.20944/preprints202205.0383.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2022 doi:10.20944/preprints202205.0383.v1

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

(91]

[92]

(93]

S.S. Lee et al., “Indocyanine green-loaded injectable alginate hydrogel as a marker for precision cancer surgery,”
Quantitative Imaging in Medicine and Surgery, vol. 10, no. 3, pp. 779-788, Mar. 2020, doi: 10.21037/QIMS.2020.02.24.
J. C. Marston et al., “Panitumumab-IRDye800CW for Fluorescence-Guided Surgical Resection of Colorectal
Cancer,” Journal of Surgical Research, vol. 239, pp. 44-51, Jul. 2019, doi: 10.1016/].JSS.2019.01.065.

X. Kan et al., “Interventional optical imaging permits instant visualization of pathological zones of ablated tumor
periphery and residual tumor detection,” Cancer Research, vol. 81, no. 17, pp. 4594-4602, Sep. 2021, doi:
10.1158/0008-5472.CAN-21-1040.

M. G. Welch, K. G. Margolis, Z. Li, and M. D. Gershon, “Oxytocin regulates gastrointestinal motility,
inflammation, macromolecular permeability, and mucosal maintenance in mice,” American Journal of Physiology
- Gastrointestinal and Liver Physiology, vol. 307, no. 8, p. G848, Oct. 2014, doi: 10.1152/AJPGIL.00176.2014.

M. Padurariu, I. Antioch, A. Ciobica, R. Lefter, and L. Simion, “Intranasal oxytocin in Autism: Models, pain and
oxidative stress,” Revista de Chimie, vol. 68, no. 8, pp. 1879-1883, 2017, doi: 10.37358/RC.17.8.5784.

E. Bergenheim et al., “Fluorescence-based tracing of transplanted intestinal epithelial cells using confocal laser
endomicroscopy,” Stem Cell Research and Therapy, vol. 10, no. 1, pp. 1-12, May 2019, doi: 10.1186/513287-019-
1246-5/FIGURES/5.

“Biochemical Effects of Biological Supports-Included Stem Cells on Eye Cells Development | Publons.”
https://publons.com/publon/18624290/ (accessed May 25, 2022).

Y. Woo, S. Chaurasiya, M. O’Leary, E. Han, and Y. Fong, “Fluorescent imaging for cancer therapy and cancer
gene therapy,” Molecular Therapy - Oncolytics, vol. 23, pp. 231-238, Dec. 2021, doi: 10.1016/].OMTO.2021.06.007.
F. de Galitiis et al., “Novel P53 mutations detected by FAMA in colorectal cancers,” Annals of Oncology, vol. 17,
no. SUPPL. 7, pp. vii78-vii83, Jun. 2006, doi: 10.1093/ANNONC/MDL957.

D. Murarasu et al., “Characterization of TP53 polymorphisms in the Romania colorectal cancer patients,”
Romanian Biotechnological Letters, no. x, 2017.

D. Murarasu et al., “TP53 somatic mutations and LOH profile in colorectal cancer in Romania,” Romanian
Biotechnological Letters, vol. 23, no. 2, p. 13530, 2018, Accessed: May 25, 2022. [Online]. Available: http://p53.iarc.fr/
T. Xie et al., “Ultrasmall Ga-ICG nanoparticles based gallium ion/photodynamic synergistic therapy to eradicate
biofilms and against drug-resistant bacterial liver abscess,” Bioactive Materials, vol. 6, no. 11, pp. 3812-3823, Nov.
2021, doi: 10.1016/].BIOACTMAT.2021.03.032.

“[Retroperitoneal pyogenic infections with uncertain etiopathogenesis. Diagnostic and therapeutic difficulties]
- PubMed.” https://pubmed.ncbi.nlm.nih.gov/17283833/ (accessed May 25, 2022).


https://doi.org/10.20944/preprints202205.0383.v1

