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ZUSAMMENFASSUNG

Diese Diplomarbeit untersucht die Anwendung von fluoreszierenden Farbstoffen —
Indocyaningrin, 5-Aminolevulinsdure, Methylenblau und Fluoreszein-Natrium — in der
Onkologie der Veterinarmedizin der letzten zehn Jahre und vergleicht die Ergebnisse mit dem
aktuellen Stand der Humanmedizin. Die Farbstoffe erméglichen eine verbesserte Darstellung
von Tumorgewebe, was die Erkennung von Tumoren, Tumorréandern, Metastasen und
Lymphknoten wahrend chirurgischer Eingriffe erleichtert. Der Fokus der Arbeit liegt auf der
Nutzung dieser Farbstoffe bei Hunden und Katzen und vergleicht die erlangten Ergebnisse mit

aktuellen Studien der Humanmedizin.

Eine systematische Literaturrecherche von 2014 bis 2024 zeigt, dass diese Farbstoffe in der
Humanmedizin bereits umfassend verwendet werden, wahrend ihr Einsatz in der
Veterinarmedizin bisher nur begrenzt untersucht wurde. Indocyaningrin und Methylenblau
zeigen in der Veterinarmedizin grof3es Potential, etwa bei der Farbung von Lymphknoten und
der Abgrenzung von Tumorrandern, jedoch kommt es besonders bei der Verwendung von
Indocyaningriin haufig zu falsch positiven Ergebnissen. 5-Aminolevulinsaure ist durch seine
héhere Tumorspezifitat vielversprechend, die bisherigen Studien umfassen jedoch nur sehr
kleine Stichproben. Die aktuelle Forschungslage zu Fluoreszin-Natrium in der
veterindrmedizinischen Onkologie ist stark begrenzt. Die Anzahl an Berichten von
unerwunschten Nebenwirkungen im Zusammenhang mit der Verwendung der Farbstoffe bei

Hund und Katze ist gering.

Die Arbeit identifiziert Herausforderungen wie falsch-positive Ergebnisse aufgrund von
Entzindungen und sehr kleine Versuchsgruppen, und zeigt den dringenden Bedarf an
weiteren Studien, um die Techniken flr den Einsatz in der Veterinarmedizin zu optimieren.
Insgesamt zeigen die Ergebnisse, dass der Einsatz von Fluorophoren die chirurgischen
Ergebnisse in der Onkologie der Tiermedizin verbessern und die Rezidivraten von Tumoren
verringern kann. Weitere Forschung ist jedoch notwendig, um die klinische Anwendbarkeit und

Sicherheit dieser Methoden bei Tieren weiter zu validieren.



ABSTRACT

This diploma thesis investigates the use of four fluorescent dyes—indocyanine green, 5-
aminolevulinic acid, methylene blue, and fluorescein sodium — in oncology veterinary
medicine and compares the findings with current state in human medicine. Fluorescent dyes
play a crucial role in enhancing the visualization of neoplastic tissues, aiding in the precise
detection of tumors, tumor margins, metastases and lymph nodes during surgical procedures.
This thesis focuses on the application of the fluorophores in dogs and cats, comparing the

findings with recent studies from human medicine.

A systematic review of literature from 2014 to 2024 revealed that while all four dyes are already
utilized in human oncology, their application in veterinary medicine remains underexplored.
Indocyanine green and methylene blue show the most promise for sentinel lymph node
mapping and tumor margin delineation, nevertheless, false positive results are commonly
observed with the use of indocyanine green. 5-aminolevulinic acid is notable for its greater
tumor specificity, however, the existing studies are limited by small sample sizes. The current
research situation on fluorescein sodium in veterinary oncology is very limited as well. The

number of reported adverse effects associated with the fluorophores in dogs and cats was low.

The study identifies challenges such as false-positive results due to inflammation and very
small sample sizes, highlighting the urgent need for further research to optimize these
techniques for the clinical use in veterinary medicine. Overall, the findings suggest that the use
of fluorophores can improve surgical outcomes in veterinary oncology and reduce tumor
recurrence rates. However, additional research is needed to further validate the clinical

applicability and safety of these methods in dogs and cats.
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1. list of abbreviations

ICG — indocyanine green

ALA — 5-aminolevulinic acid

PPIX - protoporphyrin IX

MB — methylene blue

FS — fluorescein sodium

NIR — near-infrared

SLN — sentinel lymph node

SLNM — sentinel lymph node mapping
FDA - food and drug administration
HGG - high grade glioma

NADPH - nicotinamide adenine dinucleotide phosphate
tech99 — technetium-99

PRISMA - preferred reporting items for systematic reviews and meta-analyses



2. Introduction and Research Questions

Diagnostic and therapy in oncology develop further every day. Fluorescent dyes are playing
an increasingly important role in the detection of neoplasia, as well as tumor margins,
metastases and lymph nodes. The mechanism of action of these dyes is based on the
accumulation in neoplastic tissue, due to increased vascular permeability, metabolism or
existence of receptors or enzymes. The fluorophores are then made visible by the application
of light with a specific wavelength, leading to emission of light with a different wavelength. The
emitted fluorescence enables the surgeon to differentiate between healthy and tumorous
altered tissue, which improves complete removal of the neoplasm without residual tumorous
tissue and therefore reduces the likelihood of recurrence. In human oncology, substances as
indocyanine green (ICG) or methylene blue (MB) are already utilised daily. In veterinary
medicine, these methods seem promising to improve oncological surgery as well, but until
now, there is little research regarding the efficacy, safety and optimal application of fluorescent
dyes on dogs and cats. This thesis aims to provide an overview of the current state of research
on the use of ICG, 5-aminolevulinic acid (5-ALA), MB and fluorescein sodium (FS) in veterinary

oncology and compares the findings with the established applications in human medicine.
Hypothesis:

All four methods, indocyanine green, 5-aminolevulinic acid, methylene blue and fluorescein
sodium, are equally qualified for identifying neoplasia in liver, spleen, lymph nodes and

gastrointestinal tract in humans, dogs and cats.
The following research questions are addressed in this thesis.

o For which purposes are ICG, 5-ALA, MB and FS used in oncology in veterinary
medicine?

o Which complications occur in the usage of ICG, 5-ALA, MB and FS in neoplasia in liver,
spleen, gastrointestinal tract and lymph nodes?

o Does one of the methods (ICG, 5-ALA, MB, FS) have a better outcome compared to
the others when used in veterinary oncology?



3. Literature Overview
3.1.  Fluorophores

The purpose of fluorescent dyes is to visualize structures that are otherwise not distinguishable
from their surroundings. This is particularly useful in oncology for the complete removal of
tumors without residual margins, as well as for the detection of lymph nodes or metastases.
Fluorophores can be applied in vitro, in vivo, and ex vivo. (van Keulen et al. 2023) Simplified,
the mechanism of action of fluorophores involves their emission of light at a different
wavelength when exposed to light of a specific wavelength. Using specialized filters, the
emitted light is isolated by subtracting the illuminating light, allowing only the emitted light to
be perceived by the surgeon. Some fluorophores can even be detected with the naked eye.
Depending on where the fluorophore accumulates, the tissue can be made visible and
differentiated from the surrounding tissue. One of the major advantages of this technique is
the real-time information provided to the surgeon during the operation. However, the images
are only visible in two dimensions, and in most cases, the fluorescence can only be subjectively
perceived by the surgeon, without quantitative measurement. The current fluorophores are
limited in their penetration depth due to the properties of light, which is generally not an
obstacle for most surgeries, but it can be a limitation for lymph node mapping. (Stummer and
Suero Molina 2017)

There are various types of fluorophores. The most precise results are obtained with
fluorophores that specifically accumulate in certain tumors, for example, through molecular
markers or antibodies. Research on such dyes is ongoing, but clinical application has not yet
been established. Another mechanism of action is seen in fluorophores that are metabolized
by neoplastic tissues, such as 5-ALA. ICG, MB and FS diffuse non-specifically into altered
tissues for various reasons, such as increased permeability of vessels, causing them to
accumulate in neoplasia. This type of fluorophores carries the highest risk of incorrectly
identifying altered tissue, like inflammation, as neoplastic, resulting in false positive results.
Another option is the measurement of tissue autofluorescence, which is the natural
fluorescence emitted by the tissue itself without the use of specific dyes. (Stummer and Suero
Molina 2017) However, autofluorescence can also interfere with the effect of fluorophores, as
the emitted fluorescence may blend in with the one of the surrounding background. (van
Keulen et al. 2023) The signal-to-background ratio, meaning the ratio of fluorescence intensity
between the tumor and the surrounding tissue, should be as high as possible to ensure optimal

visibility. (Stummer and Suero Molina 2017)



Fluorophores operating in the near-infrared (NIR) range (between 650 and 900nm) have the
advantage, that tissue exhibits minimal autofluorescence under NIR light. This enhances the
visibility of the fluorophore. Additionally, NIR light penetrates deeper into tissue compared to

white light, reaching depths of up to 12 mm. (Bray et al. 2023)

The different fluorophores vary in the time required from administration to maximum effect,
ranging from immediate effect upon injection up to 8 hours after administration. (van Keulen
et al. 2023),

3.1.1. Indocyanine green

ICG is a water-soluble, amphiphilic tricarbocyanine fluorophore. It can be administered
intravenously, intra-arterially, or directly into tissues. In the blood, 98 % of ICG binds to protein,
primarily albumin, which helps retain ICG within the vasculature and prevents extravasation.
ICG is processed by the liver and excreted in the bile within 15-20 minutes, with a half-life of
3-4 minutes. (Fransvea et al. 2024) ICG is considered a safe drug, with no side effects
observed at doses up to 2 mg/kg. However, it should not be used in patients with iodine

allergies due to the risk of allergic reactions. (Reinhart et al. 2016)

ICG is not photostable for a long period of time, which is why it is sold in powder form and
should be used within 6-8 hours after dissolved in distilled water. ICG can be administered at
concentrations up to 80 pg/ml, beyond which aggregation occurs, leading to a reduction in
fluorescence. (Reinhart et al. 2016) Doses between 0.02 and 5 mg/kg are currently used in the
veterinary field. (Thomson 2024) The lethal dose ranges between 50 and 80 mg/kg. (Alander
et al. 2012) The clearance of ICG from the blood is determined by hepatic blood flow, the liver's
ability to absorb the dye, and its excretion through bile. (Hoekstra et al. 2013) In healthy
humans, the ICG clearance rate is > 500 ml/min/m2. (Sakka 2018) The maximal removal rate
for ICG in healthy beagle dogs is 0.24 +/- 0.09 mg/kg/min in male beagles and 0.23 +/- 0.06
mg/kg/min in female beagles. In mongrels, the rate in male dogs amounts 0.21 +/- 0.10
mg/kg/min and in bitches 0.20 +/- 0.07 mg/kg/min. (Furuhama et al. 1996) Within 6 hours after
injection, 97 % of the fluorophore is eliminated from the canine body. Due to the rapid
metabolism of ICG by the liver, multiple boli or a continuous infusion can be administered to
ensure prolonged fluorescence. (Thomson 2024) Unlike radioactive substances, such as
Technetium-99 (tech99), ICG can be used without concerns regarding radiation safety or

highly specialized equipment.



When exposed to light with a wavelength of 750-800 nm, ICG emits NIR light at a wavelength
of 832 nm, although the exact value may vary depending on the chemical environment and
physical state of the molecule. To visualize fluorescence, a light source within this wavelength
range, a camera, and filters that prevent the mixing of fluorescence and excitation light are
required. (Alander et al. 2012) Still, the interpretation of the fluorescence is qualitative and

subjective to the surgeon.

Originally developed for photography, ICG is now used in various medical fields. It plays a
significant role in angiography of the heart and brain, liver function tests, and the detection of
sentinel lymph nodes (SLN). For the latter, the fluorophore is injected subcutaneously around
the neoplasia. The visualization of lymphatic vessels is effective due to the high protein content
of the lymph, to which ICG binds, allowing the surgeon to trace lymphatic vessels in real-time
and sample or remove the lymph node closest to the tumor. (Thomson 2024) Additionally, ICG
is used to quantitatively assess blood flow in various applications, such as flap surgery
following breast operations and in anastomoses concerning the gastrointestinal tract. In
oncological surgery, ICG is employed to identify tumors, although the fluorophore is not tumor-
specific, leading to ongoing research into tumor-specific nanoparticles. (Reinhart et al. 2016;
Dai et al. 2023) Shortly after the development of ICG, the dye was approved by the food and
drug administration (FDA) for various applications. However, its use as a fluorescent dye for
real-time imaging in surgery remains off-label. (Dai et al. 2023) In veterinary medicine, ICG
has primarily been used for detection of lymphatic structures and mammary tumor resection.
However, studies have also employed the dye for detection of other tumor kinds as well as

angiography and cholangiography.

The mechanism of action underlying ICG-Fluorescence for oncologic surgery is believed to be
the "enhanced permeability and retention effect." In neoplasms as well as in inflammatory
conditions, there is increased vascular permeability. This results in a greater accumulation of
ICG in these areas, facilitating the detection of tumors and their margins. However, false-
positive results also occur due to accumulation in inflammatory tissues. (Thomson 2024) In
addition, tumors with poor vascularisation appear less fluorescent. (Favril et al. 2018) ICG can

alter pulse oximetry results for up to 10 minutes, depending on the dose. (Sidi et al. 1987)



3.1.2. 5-Aminolevulinic acid

5-ALA is a water-soluble fluorophore which physiologically occurs as an amino acid in the
body. It is synthesized within mitochondria, metabolized into protoporphyrin IX (PplX) and
further converted into heme through the incorporation of iron molecules. While 5-ALA itself
does not fluoresce, PpIX emits fluorescence when exposed to blue light. Due to altered
enzymatic activity in neoplastic cells, the final step of conversion from PplX to hem is often
incomplete, leading to an accumulation of PplX within tumors and therefore making it tumor-

specific compared to other fluorophores. (Stummer and Suero Molina 2017)

When exposed to blue light with a wavelength of 375-440 nm, PplX emits red light at 635 nm,
enabling the visualization of tumors that might otherwise remain undetected or indistinct under
white light. (Harada et al. 2022) The fluorescent effect of 5-ALA becomes visible approximately
3 hours after administration and reaches its peak at 6-8 hours. (Stummer and Suero Molina
2017)

5-ALA can be administered orally, intravenous or topically, with the recommended dose being
a single administration of 20 mg/kg. (Ishizuka et al. 2011) Oral administration is preferred over
intravenous administration due to the lower incidence of side effects. (Casas 2020) It is
typically mixed with 50 ml of water and given 3-4 hours prior to anaesthesia. (Stummer and
Suero Molina 2017) The fluorophore is absorbed within 2 hours and reaches its peak plasma
concentration after 4 hours. The half-life of 5-ALA in a healthy individual is approximately 0.76
hours, and PplX levels in the blood drop to the prior state within 48 hours after administration.
(Harada et al. 2022) 5-ALA is excreted via the urine. It is commercially available in powder
form, the costs remain relatively high. (Favril et al. 2018) Trace amounts of 5-ALA can also be

found in some foods such as garlic. (Ishizuka et al. 2011)

One side effect of 5-ALA is photosensitivity within the first 24 hours after administration due to
the accumulation of PpIX in the skin, which can result in redness similar to sunburn or rashes.
Therefore, patients should be protected from direct light exposure during this time. However,
no cases of drug-induced porphyria have been reported. Additionally, temporary elevations in
liver enzyme levels may occur following 5-ALA administration. (Harada et al. 2022; Stummer
and Suero Molina 2017) Other possible side effects include hypertension and nausea.
(Ishizuka et al. 2011)

Some types of tumors exhibit low fluorescence due to reduced PplX content. The visibility of

these neoplasias can be significantly compromised by the autofluorescence of collagen and



flavin adenine dinucleotide, leading to a lower tumor-to-background ratio. (Favril et al. 2018)
In addition, PpIX can accumulate in inflamed tissues, complicating the distinction between
tumors and surrounding inflammation. In necrotic regions of neoplasms, 5-ALA may be
converted into uroporphyrinogen | instead of PplX, which fluoresces at 620 nm, thus aiding in

the visualization of necrotic areas within neoplasms. (Harada et al. 2022)

In human medicine, 5-ALA is routinely used for the diagnosis of gliomas and bladder cancer.
Currently, numerous studies are in progress to explore its application on other types of
neoplasms. (Harada et al. 2022) In oncology, 5-ALA holds promise as a tool for photodynamic
therapy (PDT) due to its role as a photosensitizer. When photosensitive tumors are exposed
to light, reactive oxygen species are generated, leading to the destruction of tumor cells.
(Casas 2020) This application is currently limited to superficial neoplasms, as even light with
a wavelength of up to 800 nm penetrates tissue only to a depth of 1-2 cm. (Alexiades-
Armenakas 2006) Additionally, 5-ALA is used in low doses in dermatology, for instance, as an

anti-aging supplement or in the treatment of alopecia. (Ishizuka et al. 2011)

3.1.3. Methylene blue

MB, also known as methylthioninium chloride, is a dye developed approximately 150 years
ago for staining textiles. Since its discovery, it has been used in a variety of fields. The dye is
lipophilic and, as the name suggests, exhibits a greenish-dark blue colour. MB can be
administered orally, intravenously, intraarterially, subcutaneously or directly into the tissue.
When administered intravenously, it predominantly distributes to the whole blood, brain, and
parathyroid glands. The underlying mechanism for the latter is not known. Intravenous
administration should be performed over 3-10 minutes. (Cwalinski et al. 2020) Following oral
intake, MB accumulates mainly in the intestinal walls and the liver. (Peter et al. 2000) MB
primarily binds to haemoglobin in the blood. (Smith and Thron 1972) Peak plasma
concentrations are reached 30-60 minutes after administration. (Buzga et al. 2022) The
terminal half-life is approximately 5.5-6 hours. 65-85 % of MB is metabolized into non-
fluorescent leucomethylene blue. (Cwalinski et al. 2020) This process occurs with the aid of
the enzyme nicotinamide adenine dinucleotide phosphate (NADPH) -dependent reductase in
erythrocytes. (Jaffey et al. 2017) Most of the dye is excreted through the kidneys and urine

within 4-24 hours which can lead to a temporary green discoloration of the urine.



Under NIR light with a wavelength of 668-700 nm, MB emits light with a wavelength of 400-
700 nm, some of which is visible to the naked eye. This fluorescent property is utilized, among
other applications, in sentinel lymph node mapping (SLNM). Due to its hydrophobic properties,
MB does not penetrate deeply into tissues and exhibits increased autofluorescence compared

to other fluorophores. (Cwalinski et al. 2020)

Administration of MB is contraindicated in patients with renal disease, because in case of
impaired renal function the excretion of MB is not properly managed, leading to elevated
concentrations in the body. A small part of MB is excreted via bile. (Buzga et al. 2022; Cwalinski
et al. 2020) Another contraindication for administration of MB is the presence of glucose-6-
phosphate dehydrogenase deficiency, as this enzyme is responsible for the production of
NADPH and therefore for the conversion of MB to leucomethylene blue. In the absence of this
process, the dye cannot be metabolized and excreted and therefore accumulates in the body.
(Cwalinski et al. 2020) There is no antidote for an overdose of MB. (Bistas and Sanghavi 2024)
Additionally, MB should not be administered to pregnant patients as it may induce foetal
hypoxia. (Buzga et al. 2022) Deficiency of essential enzymes like cytochrome b5 reductase
prevents the conversion of MB to leucomethylene blue in the bodies of foetuses and neonates.
This results in the accumulation of MB, leading to a lack of its reducing effect on

methaemoglobin, and even further paradoxical methemoglobinemia. (McDonagh et al. 2013)

In human medicine, MB is used in doses ranging from 1-300 mg/kg/day, depending on the
indication. (Buzga et al. 2022) At lower doses, under 2 mg/kg, side effects from MB
administration are rare, aside from mild burning pain during intravenous administration.
However, at doses of 7 mg/kg or higher, the likelihood of side effects significantly increases.
(Bistas and Sanghavi 2024) The higher the dosage, the more probable the occurrence of
adverse effects such as nausea, vomiting, hemolysis, paradoxical methemoglobinemia, chest
pain, abdominal pain, hypertension, and temporary skin discoloration. Additionally, transient
neurological deficits such as confusion have been reported following MB administration, which
may be explained by accumulation of the dye in the brain after intravenous administration.
Another adverse effect is the serotonin syndrome. MB, especially in combination with
serotonergic agents, can lead to an accumulation of serotonin in synapses in the brain,
resulting in neuromuscular hyperactivity and even death. (Buzga et al. 2022) Allergic reactions
to the dye are more common at doses starting at 5 mg/kg and higher. Intravenous
administration of MB can cause a transient drop in pulse oximetry readings, down to 65 %, as

MB interferes with pulse oximeter function. This effect typically resolves after about 30



seconds. (Cwalinski et al. 2020) In the veterinary use of intravenous MB, the following side
effects are mentioned: “Heinz body anemia, pseudocyanosis, increased serum alkaline
phosphatase activity and kidney failure.” (Rossanese et al. 2021) Sidi et al. (1987) observed
an increase in arterial blood pressure in 31.2 % (n=5/16) of dogs after injection of 1 to 5mg/kg
ICG intravenously. In addition, methaemoglobin concentration increased by 1.4 % 1 minute
after administration of 5mg/kg ICG. (Sidi et al. 1987) However, in the studies on MB for SLNM
in veterinary medicine from 2014 to 2024, none of these side effects were observed, likely

since MB was never administered intravenously in these studies.

MB is used in a wide range of medical applications. Its most common use is as a stain in
microscopy. Due to its antioxidant properties, it is also employed as a neuroprotective agent.
In cases of methemoglobinemia, MB promotes the conversion of methaemoglobin to
haemoglobin through donation of electrons, thereby improving tissue oxygenation. MB can be
used to treat hypotension by inhibiting cyclic guanosine monophosphate, which leads to
vasoconstriction. Additionally, it serves as an antidote for cyanide poisoning and phosphamide-
induced encephalopathy. (Buzga et al. 2022) The fluorescent properties of MB are utilized for
visualizing various structures, such as lymph nodes or ureters, as well as neuroendocrine

tumors, although the underlying mechanism remains unclear. (Cwalinski et al. 2020)

In veterinary oncology, MB is currently only used for SLNM.

3.1.4. Fluorescein sodium

FS, the salt form of fluorescein, has been applied across various fields since the mid-19th
century. FS is a water-soluble dye. (Acerbi et al. 2014) In its powdered form, it appears orange.
When dissolved in water, the colour shifts to yellow. FS can be administered intravenously,
orally, intrathecally as well as subcutaneously. Following intravenous administration, peak
plasma levels are achieved rapidly. In the body, 80-90 % of FS binds to proteins while the
remainder circulates freely and rapidly diffuses into surrounding tissues. In the liver, the
majority of FS undergoes glucuronidation and is primarily excreted through the kidneys within
24 hours, leading to yellow discoloration of the urine. FS can be detected in urine for up to one
week after administration. (O'goshi and Serup 2006) In clinical practice, FS is typically used at
doses ranging from 3 to 10 mg/kg. (Acerbi et al. 2014) When exposed to light with a wavelength
of 460-500 nm, FS emits a yellow-green fluorescence in the range of 540-690 nm. (Acerbi

2016) Maximum fluorescence is observed at a pH of 8-9. (O'goshi and Serup 2006)



Within seconds of FS injection, yellow discoloration of the skin and mucous membranes
occurs, which subsides after approximately 6 hours. (O'goshi and Serup 2006) Other side
effects may include nausea and vomiting. Anaphylactic reactions or more severe adverse
effects are rare. As with other fluorophores, the likelihood of side effects increases with the
doses of FS. (Acerbi et al. 2014) Systemic adverse effects are most commonly observed with
intravenous administration. (O'goshi and Serup 2006) The use of FS should be avoided in
patients with liver or kidney disease, allergic reactions to contrast agents, and pulmonary
spasm. (Schebesch et al. 2016)

In human medicine, FS is primarily used in ophthalmology for vascular imaging of the retina
via intravenous injection and topically for staining corneal ulcers. (O'goshi and Serup 2006) In
oncology, FS is particularly employed in the detection of brain tumors. Malignant tumors, such
as high-grade gliomas (HGG), disrupt the blood-brain barrier due to their invasive growth,
allowing FS to accumulate and thus render neoplastic regions visible. In tumors where the
blood-brain barrier remains intact, no FS accumulation is observed, as it does not accumulate
within tumor cells but in extracellular space. (Acerbi 2016; Schebesch et al. 2016) The
applications are similar to those of 5-ALA, but the costs of FS are significantly lower. (Acerbi
et al. 2014) A filter that selectively transmits wavelengths between 540-690 nm enables the
visualization of surrounding tissue while simultaneously displaying tumor fluorescence and
therefore eliminates the need for constant switching between white and blue light. Additionally,
the use of this filter allows for a significant reduction in the required FS dose, down to 2-4
mg/kg, while improving visibility. (Acerbi 2016; Schebesch et al. 2016) Under white light, FS
accumulation can still be detected, though this requires higher doses of up to 20 mg/kg, which

increases the risk of adverse effects. (Schebesch et al. 2016)
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4. Material and methods

From February to April 2024, the databases PubMed, ScienceDirect and SpringerLink were
searched for potential papers concerning fluorescence-based resection of neoplasia in
veterinary medicine. A systemic literature search was implemented using a combination of the
keywords "indocyanine green", "ICG", "5-aminolevulinic acid", "ALA", "methylene blue", "MB",

"fluorescein”, "neoplasia", "dog", "canine", "cat", "feline", "liver", "spleen", "gastrointestinal
" 13 ” “ ” 13

tract", "gut", "lymph nodes", “glioma”, “meningioma”, “skin”. The search protocol can be found

in the appendix.

Exclusion criteria were: papers published before 2014, concerning other species than dogs
and cats, languages other than German and English, fluorescent dyes other than ICG, ALA,

MB and FS, in vitro studies, no full text available, other applications beyond oncological surgery

Papers that were published after 2013 and are referring to feline or canine patients and
intraoperative usage of fluorescent dyes for oncologic surgery were incorporated. Following
additional usages for the named fluorophores were identified and added in the process: papers
on the use of ICG for breast tumors, lung neoplasms, and superficial tumors, as well as on the
use of 5-ALA for breast tumors, lung neoplasms, mesotheliomas, sarcomas, and carcinomas.
No papers concerning the use of fluorophores for tumors in spleen or gastrointestinal tract
were found between 2014 and 2024.

2190 papers were identified including 169 duplicates. After removing duplicate records, studies
were evaluated for suitability based on their title and abstract. The majority of the papers either
originated from human medicine or focused on in vitro research and was therefore eliminated.
The full text of 41 suitable papers was analysed, of which 10 were excluded due to missing
data, other languages than German and English und different fluorophores. 31 papers were
included into the study. The process of paper selection is displayed in the flow chart in figure
1. Due to the limited number of papers, case reports and studies with a small patient sample
size were incorporated. A detailed analysis of the references in the original studies was

conducted to identify potential additional articles.

To identify comparable publications in human medicine, the database PubMed was searched
for articles analogous to those selected concerning veterinary medicine from July to August
2024. The search commenced with publications released in 2024. In some cases, no suitable

papers from 2024 were found. Therefore, a retrospective search was conducted, going back
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year by year until appropriate papers were found. One to two publications, most like the chosen

veterinary medicine topics, were selected to ensure the best possible comparison.

S Records identified (n=2190) from: Records removed before
® > ing:
8 o PubMed (n=360) screening:
= o  ScienceDirect (n=411) Duplicate records removed
9 o SpringerLink (n=1419) upl Y
=y (n=169)
Records screened (n=2021)
o
g | Records excluded since not
S_;’ ¢ > relevant based on title or abstract
& (n=1979)
Records sought for retrieval
(n=42)
i > Records not retrieved (n=1)

Records assessed for eligibility
- (n=41)
o)
E
g | - Records excluded (n=10)

l o Foreign language (n=2)
o  Missing data (n=3)
Records included in review ©  Other technique (n=5)
(n=31)

Figure 1: Flowchart

The found studies were classified concerning their scientific evidence by the following
preferred reporting items for systematic reviews and meta-analyses (PRISMA) classification
listed in table 1.
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Tab. 1 PRISMA classification system (Follin and Charland 1997)

la | At least one systematic review based on methodical, high-grade controlled,
randomized studies

Ib | Atleast one large enough, methodical high-grade randomized study

Ila | Atleast one high-grade study without randomization

IlIb | At least one high-grade study of another type, as an experimental study

] More than one methodical high-grade nonexperimental study

IV | Opinions and convictions from notable authorities (with clinical experience);

commission of experts; descriptive studies
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5. Results

At the time this diploma thesis was written, the number of papers on the application of
fluorophores in veterinary oncology was limited. The studies conducted this far have yielded
diverse results, but overall, they offer promising prospects for the use of fluorophores in
veterinary medicine. Only four papers included cats in their sample group, all other studies

focused exclusively on dogs.

5.1. Fluorescein sodium

Only one paper was found regarding the use of FS in veterinary medicine, categorized as Ilb
in the PRISMA classification. In this study, FS was used for the diagnosis of intracranial lesions
in dogs. The study by Nakano et al. (2018) reported an 81.8 % (n=18/22) success rate in
fluorescing of the lesions, with 68.1 % (n=15/22) of lesions showing strong fluorescence and
13.6 % (n=3/22) of the lesions showing mild fluorescence. Two lesions that did not show
staining were found to be normal brain tissue. The third unstained lesion was suspected to be
a glioma. The side effects of yellow discoloration of the skin, mucous membranes, urine, and
faces known from human medicine, were observed in all 22 cases. Two dogs experienced
recurrent vomiting for 48 hours post-surgery. Prior to the intravenous administration of the final
dose of 20 mg/kg FS, 2 mg/kg of the dye were injected to pre-emptively rule out anaphylactic
reactions, none of which were observed in any of the patients. The timing of the injection
depended on the location of the lesion. For intra-axial lesions, the dye was administered after
the dura mater was opened, whereas for extra-axial lesions, it was administered before the
durotomy. (Nakano et al. 2018)

In human medicine, FS is primarily used in the treatment of HGGs. Xiao et al. (2024) employed
a dosage of 3-5 mg/kg FS for their study on HGGs, which was administered intravenously after
the induction of anaesthesia. To enhance visibility, the YELLOW 500 fluorescence filter
(KINEVO 900, Carl Zeiss, Germany) for light with a wavelength of 560 nm was used.
Nevertheless, there was frequent switching between white and fluorescent light
intraoperatively. In 84.4 % (n=27/32) of the cases, complete tumor resection without residual
margins was achieved with the help of FS. In 6.3 % (n=2/32) of cases, less than 97 % of the
tumor was removed. No further adverse side effects, except for temporary urine discoloration,

were observed,
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5.2. Methylene blue

For the use of MB in veterinary oncology, only papers addressing lymph node mapping were
found in the period from 2014-2024. One study (Rossanese et al. 2021) is assigned to category
lll in accordance with the PRISMA classification system, while the remaining studies are
classified under category IIb. (Gariboldi et al. 2023; Manfredi et al. 2021; Chiti et al. 2021;
Ferrari et al. 2020; Randall et al. 2020; Brissot and Edery 2017; Annoni et al. 2023; Soultani
et al. 2017; Worley 2014) In 9 out of 10 records (n=379/446), MB was merely employed as an
adjunct tool to facilitate the localization of the SLN for surgical removal or biopsy
intraoperatively. In these cases, the actual identification of the lymph node draining the affected
area was achieved using tech99 (n=226), iomeprole (n=80), iopamidol (n=33), iohexol (n=15)
or iodized oil (n=25). Only one study (n=67) used MB as the sole technique for identifying the
SLN. (Rossanese et al. 2021) In all cases, MB was injected either peritumorally or directly into
the tumor. The doses used ranged between 1 and 10 mg/tumor, with the exact dosage not
specified in two studies (n=136/446). The most common dosage, used in 25.8 % (n=115/446)
of the cases, was 2 mg/tumor. In 8 out of the 10 studies, MB was divided across four quadrants,
with the injected volume ranging from 0.1 to 1 ml. The timing of the injection varied between
15 minutes before start of surgery or before aseptic preparation, and intraoperatively. The
success rate for SLN detection ranged from 79.4 % to 99.4 %, although 53.4 % (n=238/446)
did not distinguish between the success rate of MB alone and in combination with other
methods. The study with the lowest success rate administered 0.4 ml of a 10 mg/ml MB
solution 10-15 minutes prior to incision, whereas the study with the highest success rate used
0.5-1 ml of a 10 mg/ml MB solution 5 minutes before incision. In both cases, ICG was injected
peritumorally in four quadrants. This suggests that higher dosages administered closer to the
start of surgery may lead to improved outcomes. However, Rossanese et al. (2021) also used
0.1-0.5 ml of a 10 mg/ml solution and achieved a success rate of 87%. No clear correlation
between dosage and success rate can be identified across the studies. However, different
preceding techniques were employed, which may have influenced the outcomes. It appears
that studies administering injections closer to the start of surgery tend to report better results.
Further studies are required to determine the most effective dosage by comparing various
doses under consistent conditions. In one study, leakage into the surrounding subcutaneous
tissue was observed in 9 % (n=6) of the cases. (Rossanese et al. 2021) Manfredi et al. (2021)
reported MB uptake in inflamed tissue in one case, as well as mild bleeding after injection in

5.9 % (n=3) of the cases. No side effects of the fluorophore were observed in the remaining 8
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studies. None of the papers mentioned the use of specific wavelengths or filters, suggesting
that the effect of MB was observed with the naked eye in all cases. Only one study (n=23)
stated sensitivity and specificity for a combination of MB and tech99, being 88.9 % and 100 %.
(Chiti et al. 2021) All papers on SLNM using MB are found in table 2.
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In the study from human medicine from 2024, which is used for comparison, 40 mg/tumor MB
were injected peritumorally into 4 quadrants after induction of anaesthesia. (Vemula Venkata
et al. 2024) The success rate in this paper was 90 % (n=18/20), with a sensitivity and specificity
of 100 % and 93.75 %, respectively. The only mentioned side effect of MB was temporary
discoloration of urine in 30 % (n=6/20) of cases, lasting 1-5 days. Another study, focused on
SLNM in colorectal cancer, differs from the use of MB in veterinary medicine due to the intra-
arterial administration. (Carvalho et al. 2024) The exact dosage as well as time of injection is
not specified, but 15-20 ml of a MB solution (560 mg diluted 1:3 with 0.9 % NaCl solution) were
injected directly into the main artery of the concerned area. In 91.8 % (n=67/73) of cases, the
SLNM results were satisfactory. In 6 cases, an insufficient number of lymph nodes were
stained, but in no case were no lymph nodes stained at all. There are no veterinary publications

on the intra-arterial administration of MB in cats or dogs published between 2014 and 2024.

5.3. Indocyanine green

In the literature published between 2014 and 2024, various applications of ICG in veterinary
oncology can be found. ICG is used for tumors of the lung, liver, skin and mammary glands,

as well as for SLNM.

5.3.1. ICG for lung neoplasia

Two publications were identified that focused on the diagnosis of lung tumors using ICG
(n=48). Sakurai et al. (2023), categorized IIb for PRISMA classification, administered 2 mg/kg
of a 5 mg/ml ICG solution intravenously 12-24 hours prior to surgery. No adverse reactions
were observed. The success rate for staining neoplasia was 100 % (n=40/40). Sensitivity and
specificity regarding complete resection using ICG fluorescence were 67.7 % and 60 %,
respectively, while for the detection of lymph node metastases, they were 100 % and 75 %.
The lung surface was examined using a NIR camera system, HyperEye Medical System
(Mizuho Medical Co. Ltd, Tokyo, Japan), before the start of resection. The study reported a
high false-positive rate, the exact number was not mentioned. The publication by Holt et al.
(2014) investigated the ability of ICG to differentiate lung tumors from inflamed areas, placed
under Il in the PRISMA classification. For this purpose, 5 mg/kg ICG was administered
intravenously 24 hours before surgery. 100 % of the nodules were stained with ICG, but in

37.5 % (n=3/8) of cases, surrounding inflamed and oedematous tissue without tumor cells also
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absorbed ICG. No adverse side effects were observed. An self-developed NIR device with a
740 nm LED emission and a 780 nm filter was used for optimal fluorescence visualization, as

well as a handheld spectrometer for quantification.

Comparatively, a 2024 study in human medicine by Han et al. (2024) involved the peritumoral
injection of ICG for the detection of ground glass nodes in the lung (n=48). ICG was injected
within 10 mm distance to the tumor, 3 hours prior to resection. A dose of 0.75 mg in 0.3 ml per
nodule was used. The fluorescence of the dye was visualized using PINPOINT (Novadaq,
Mississauga, Canada), an endoscopic fluorescence imaging system. The study reported a
100 % success rate in localizing the nodule using ICG. No adverse effects of the fluorophore
were observed. (Han et al. 2024) Abdelhafeez et al. (2023) administered 1.5 mg/kg ICG via
continuous drip infusion over 15 minutes, one day prior to surgery. The success rate for nodule
detection was 73.4 % (n=58/79), with a false-negative rate of 26.6 % (n=21/79). However,
tumors were visualized in only 7 out of 12 patients (58.3 %). Inflammatory myofibroblastic
tumor, atypical cartilaginous tumor, neuroblastoma, adrenocortical carcinoma, and papillary
thyroid carcinoma did not show ICG staining. Fluorescence visualization was achieved using
an Iridium NIR System (Visionsense Corp, Philadelphia, PA, USA). No adverse side effects

were reported.

ICG can also be administered via inhalation, requiring a lower dose than intravenous
administration. Healthy lung tissue absorbs the fluorophore, while the tumor does not, resulting
in a negative contrast visualization. Wang et al. (2023) administered 0.2-0.25 mg/kg ICG with
4-6 mL/min of oxygen over an average of 13.7 minutes. Inhalation occurred 50-90 minutes
prior to the start of surgery. The success rate was 87.1 % (n=27/31 nodules). The remaining
four nodules were already identifiable using white light or palpation, so NIR-imaging was not
needed. A total of 16.1 % (n=5/31) of the nodules were detectable only with ICG, and not by
white light or palpation. A NIR thoracoscopic system (DPM-III-01, Zhuhai Dipu Medical
Technology Co., Ltd, Zhuhai, China) was used for fluorescence visualization. No side effects
of ICG were observed, however, the distribution of the fluorophore was less efficient in the
lungs of smokers due to black deposits. Nodule visualization was still achievable in smokers,
but harder to differentiate. The time to locate small nodules was reduced by 45.5 % with the

assistance of ICG inhalation.

5.3.2. ICG for liver neoplasia
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One study on the use of ICG for the detection of liver neoplasms in veterinary medicine was
published between 2014 and 2024, categorized llb in the PRISMA system. Sakurai et al.
(2022) administered 0.5 mg/kg of a 5 mg/ml ICG solution intravenously 12 to 24 hours prior to
tumor removal. This resulted in a success rate of 86.8 % (n=90/104) for tumor fluorescence
compared to the surrounding tissue. Sensitivity and specificity regarding tumor margin
evaluation were 100 % and 77.2 %, respectively, while for complete tumor resection using
ICG, sensitivity and specificity were 100 % and 82.1 %. In 9.6 % (n=10/104) of cases, false-
positive fluorescence of the wound bed was observed after complete resection. An infrared
camera system (HyperEye Medical System, Mizuho Medical Co. Ltd, Tokyo, Japan),
positioned 30-50 cm from the liver surface, was used to visualize the fluorescence. No

systemic side effects of ICG were observed.

For comparison with human medicine, a 2024 paper on the use of ICG for liver tumor detection
was utilized. (She et al. 2024) In the study, patients (n=22) were administered 0.25 mg/kg of
ICG one day prior to surgery, the route of administration was not mentioned. Sensitivity and
specificity for tumor detection were 70.6 % and 100 %, respectively. A fluorescence imaging
system (NIR/ICG System using the OPAL1 technology with the modular IMAGE1 S system,
KARL STORZ, Germany), was used, which allowed switching between white and fluorescent
light and had the capability to filter wavelengths below 810 nm and above 800 nm. Both yellow
(77.3 %, n=17/22) and green (54.5 %, n=12/22) fluorescence were observed. No adverse
reactions were mentioned. Another study from 2024 utilized ICG for the visualization of 40 liver
tumors in 27 patients. (Hu et al. 2024) ICG was administered intravenously at a dose of 0.5
mg/kg two days before surgery. The overall success rate was 82.5 % (n=33/40). The sensitivity
for superficial lesions was 96.4 %, while the sensitivity for deep lesions was 50 %. ICG enabled
the visualization of 8 lesions that were not detected by ultrasound. For fluorescence imaging,
the OptoMedic System (OPTO-CAM2100) or the Mindray fluorescence imaging system was

used, and the tissue was irradiated with 805 nm light.

5.3.3. ICG for superficial neoplasia

For the visualisation of superficial tumors with ICG, two studies were published between 2014
and 2024, assigned to Level Il (Favril and Abma et al. 2020) and IIb (Holt et al. 2015) according
to the PRISMA classification. Dosages of 3 and 5 mg/kg were utilised, with the fluorophore

being administered intravenously 24 hours prior to surgery in both instances (n=24). The
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success rates regarding the staining of skin tumors were 93.3 % (n=14/15) and 66.6 % (n=2/3),
examined sort of tumors being soft tissue sarcomas and mast cell tumors. Favril and Abma et
al. (2020) reported a sensitivity and specificity for differentiating between tumor and
surrounding tissue of 72 % and 80 %, respectively, although these values also included five
mammary tumors and a melanoma. Holt et al. (2015) reported a sensitivity and specificity for
detecting residual neoplastic tissue at surgical margins of 100 % and 90.9 %, respectively. In
100 % of cases with negative tumor margins, no tumor was detectable in the tissue. However,
Holt et al. (2015) reported a high incidence of false-positive wound bed fluorescence at 9.09 %,
where inflammation tissue was stained in the wound bed without residual tumor tissue. A
special instrument (BioVision Technologies, Exton, Pennsylvania) was developed for the study
by Holt et al. (2015) to aid in the visualization of fluorescence, consisting of a 742 nm LED, a
camera, and a filter with a wavelength of 832 nm. Additionally, a NIR fluorescence
spectroscopy device (Spectropen, InPhotonics, Norwood Massachusetts) was employed,
which captured light in the 800—-930 nm range using a long-pass filter with an 800 nm edge.
This tool quantified the fluorescence during the resection. Favril and Abma et al. (2020) used
the Fluobeam 800 (Fluoptics, Grenoble, France), a NIR clinical imaging system, which takes
brightfield images as well as NIR images, with different exposure durations. The tool was
positioned at a distance of 17 cm from the body surface. No adverse side effects of ICG were
reported in both studies. In the study concerning mast cell tumors, the dogs were
prophylactically administered an antihistamine intramuscularly to mitigate a degranulation of

the tumor in response to the ICG injection.

In comparison, a paper from 2023 was selected that studied the use of ICG for visualizing soft
tissue sarcomas in humans. In this study, 2—2.5 mg/kg of ICG were administered intravenously
approximately 3 hours before surgery over a period of 45 minutes. 55.5 % (n=10/18) of patients
received 2.5 mg/kg. In these subjects, oversaturation of the tumor was observed which made
adequate tumor visualization impossible. For subsequent cases, the dosage was reduced to 2
mg/kg, improving tumor visibility. In 55.5 % (n=10/18) of cases, the ICG-demarcated margin
matched the histologically confirmed tumor margin. The study reported a sensitivity and
specificity of 22 % and 89 %, respectively. The Stryker SPY-PHI (Stryker Endoscopy,
Kalamazoo, MI, USA) NIR camera system was used to visualize the fluorescence. No side

effects were reported. (Gong et al. 2023)

5.3.4. ICG for mammary gland tumors
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Three veterinary papers were found that focus on the use of ICG for visualizing mammary
tumors, rated la (Pop et al. 2024), lIb (Newton et al. 2020) and Il (Favril and Abma et al. 2020)
for PRISMA classification. The dosages range between 1-5 mg/kg of ICG, administered
intravenously either as a bolus (n=29) or over 3 minutes (n=16), from within 24 hours before
surgery to intraoperatively. The success rate was 40-100 %. Sensitivity ranges from 72 % to
93.3 %, and specificity from 30 % to 80 %. In 40 % (n=2/5) and 18.8 % (n=3/16) of cases,
false-positive fluorescence of the wound beds was observed. (Favril and Abma et al. 2020;
Newton et al. 2020) The results show that studies using the highest dosage of 5 mg/kg
administered 24 hours prior to surgery yielded the poorest outcomes, with a success rate of
only 40 % (n=4/10). In contrast, a dosage of 3 mg/kg administered 20 hours before surgery
achieved success rates of 68.3 %(n=11/16) and 80 % (n=16/20). Surprisingly, the study with
the lowest dosage of 1 mg/kg, administered approximately 30 minutes before surgery,
demonstrated the highest success rate of 100 % (n=2/2). These findings might indicate that
the timing of the injection is more influential on fluorescence outcomes than the dosage, with
injections administered closer to the start of surgery proving to be more effective. Various NIR
fluorescence camera systems were utilized. Newton et al. (2020) used a prototype imaging
system (Solaris, Perkin Elmer), Favril and Abma et al. (2020) utilized the Fluobeam 800
(Fluoptics, Grenoble, France) NIR system, while in the systematic reviews from Pop et al.
(2024) two locally developed systems as well as the Fluobeam 800 (Fluoptics, Grenoble,
France) and a system from Solaris (Perkin Elmer) were employed. No adverse effects from

the fluorophore injection were reported in any study.

Pop et al. (2024) examined seven studies on the use of ICG for breast cancer in human
medicine. The studies utilised dosages ranging from 0.25 to 5 mg/kg, with one study
administering a fixed dose of 12 mg per patient regardless of body weight (n=10). All studies
injected the fluorophore intravenously. The timing of administration varied from 24 hours to
less than five minutes before the start of surgery. The success rate for tumor detection ranged
from 40 % to 100 % (n=145), with higher dosages generally associated with better success
rates. Sensitivity and specificity ranged from 40 % to 100 % and 31.7 % to 98 %, respectively.
Three studies reported false-positive rates of 40 % (n=14/35), 50 % (n=6/12) and 68 % (n not
stated) while the remaining four did not provide data on this metric. Two studies utilized locally
developed devices, while the others used commercially available fluorescence imaging
systems (Fluobeam 800 (Fluoptics, Grenoble, France, n=2), Real-ICS (Nuoyuan Medical
Equipment, China, n=1), PDA (Hamamatsu Photonics, Japan, n=1), FloCam (BioVision1,
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Exeter, PA and BioMedicon1, Moorestown, NJ), the Artemis Fluorescence Imaging system
(Quest1 Medical Imaging, Middenmeer, the Netherlands), or the Iridium (Visionsense1, New
York, NY, n=1). No adverse side effects were reported. A systematic review from 2023
investigated the use of indocyanine green (ICG) for non-palpable breast tumors. (Jansen et al.
2023) In 9 out of 11 studies (n=338/393), doses ranging from 0.2 to 2 ml and 0.5 to 10 mg
were injected intratumorally (n=214) or peritumorally (n=124). Two studies (n=55)
administered the fluorophore intravenously at a dose of 5 mg/kg, either 2 hours or 24 hours
prior to surgery. The success rate for tumor visualization was 100 % (n=363/393) in all but one
study. One study (n=30) used an |ICG-hyaluronic acid mixture, with 0.1 to 0.2 ml injected
intratumorally within 3 days prior to surgery. The success rate in this study was 86.7 %
(n=13/15) for a 0.1 ml dose and 93 % (n=14/15) for a 0.2 ml dose. The second study using 0.2
ml of an ICG-hyaluronic acid mixture reported a 100 % success rate (n=51/51), with injections
administered between 1 day and 1 hour before surgery. Mild nausea was reported in one case
(n=1/393, 0.25 %). Various systems were used for fluorescence visualization. In both
hyaluronic acid studies, the NIR system was not mentioned. The remaining papers used the
Photodynamic Eye (PDE; Hamamatsu Japan, n=3), IC-View (Pulsion Medical Systems AG,
n=1), Europrobe 3 (Eurorad SA, n=1), FloCam (BioVision1, Exeter, PA and BioMedicon1,
Moorestown, NJ), the Artemis Fluorescence Imaging system (Quest1 Medical Imaging,
Middenmeer, the Netherlands), or the Iridium (Visionsense1, New York, NY, n=1), Visual
Navigator (SH system, Gwangju, Korea, n=1), Hypereye Medical System (Mizuho Medical Co.
Ltd, Tokyo, Japan, n=1), and Real-ICS (Nuoyuan Medical Equipment, China, n=1).

5.3.5. ICG for sentinel lymph node mapping

Between 2014 and 2024, six papers were identified that investigated the use of ICG for SLNM.
Two studies were classified as lIb (Wan et al. 2021; Alvarez-Sanchez et al. 2023) and 4 studies
as Il (Beer et al. 2022; Kim et al. 2015; Favril et al. 2019; Townsend et al. 2018) within the
PRISMA classification. The dosages used in the studies varied between 0.05 and 5 mg of ICG
per tumor, which were injected into three to four sites (n=77/89) or one site (n=12/89). Kim et
al. (2015) did not specify the dosage of their emulsion. The timing of injection ranged from 3-
4 hours before surgery to intraoperative administration. Three studies were conducted on
healthy dogs (n=20). (Kim et al. 2015; Townsend et al. 2018; Favril et al. 2019) The success
rate for SLN visualization ranged from 80 % (n=16/20) to 100 % (n=6/6, n=8/8). In two studies,

cases of extravasation or staining of surrounding tissue were reported. (Kim et al. 2015; Beer
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et al. 2022) Two studies (n=34/89) performed computed tomography (CT) prior to fluorophore
administration to compare the outcomes with ICG. (Alvarez-Sanchez et al. 2023; Wan et al.
2021) Alvarez-Sanchez et al. (2023) reported a significantly higher SLN detection success with
CT compared to ICG (95 % (n=19/20) vs. 80 % (n=16/20) detection rate). In contrast, Wan et
al. (2021)'s results showed the opposite effect, with a CT-SLN success rate of 42.1 % (24/57
SLN) and an ICG-SLN success rate of 91 % (52/57 SLN). Various NIR imaging systems from
different manufacturers were employed, being Fluobeam 800 (Fluoptics, Grenoble, France,
n=2), Fluobeam 700 (Fluoptics, Grenoble, France, n=1), VITOMIl (KARL STORZ, Germany,
n=1), IC-Flow (Diagnostic Green, Germany, n=1). Kim et al. (2015) used the 1288 HD system
(Stryker Endoscopy, Kalamazoo, MI, USA) without NIR device for laparoscopic surgery, for
robotic surgery da Vinci Si Surgical System (Intuitive Surgical, California, USA) with NIR optical
device was utilized. In one case, a small nodule developed at the injection site, which resolved
spontaneously within a few days. (Favril et al. 2019) No further adverse effects were reported.

All papers on SLNM using ICG are summarized in table 3.
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To compare with the current state of human medicine, a 2024 paper on the use of ICG for
SLNM in melanoma was used. (Wolffer et al. 2024) In 89.2 % (n=839/941) of the cases, a
concentration of 2.5 mg/ml of ICG was used, though the exact dosage per kg or tumor was not
specified. In 10.8 % (n= 102/941), no dosage was mentioned at all. The overall success rate
for SLN staining was 89 % (2296/2588 SLNs). 5 out of 7 studies utilized the SPY system
(Stryker Endoscopy, Kalamazoo, MI, USA) for fluorescence imaging, one study used
Fluobeam (Fluoptics, Grenoble, France), and another one used an unspecified PDE system.
No adverse effects were reported. A different 2024 study on ICG-SLNM employed a dosage
of 2-4 mg, which was injected into four peritumoral quadrants 10-20 minutes before surgery.
(Campwala et al. 2024) A 100 % success rate was reported. The SPY system (Stryker
Endoscopy, Kalamazoo, MI, USA) was used for fluorescence visualization. No adverse effects

of the dye were observed (n=9).

5.4. 5-Aminolevulinic acid

In veterinary medicine, there are only a limited number of studies on the use of 5-ALA in
oncology to be found. Between 2014 and 2024, six papers were published, including three
case reports. The limited data on 5-ALA in veterinary medicine may be due to the high cost of

the fluorophore.
5.4.1. 5-ALA for intracranial lesions

There are two case reports on the use of 5-ALA for the diagnosis of intracranial lesions, both
being assigned to IV in accordance with the PRISMA classification system. One case report
describes the application of 5-ALA in a case of glioblastoma in a dog (Yamashita et al. 2020)
while the second case report details its use on a feline meningioma. (Osaki et al. 2020) In both
cases, 40 mg/kg of 5-ALA were administered orally 4 hours prior to cranial opening. In the
case of the glioblastoma, the tumor demonstrated complete fluorescence, allowing
differentiation from the surrounding tissue, with the strongest fluorescence observed in the
centre. It should be noted that the dog was euthanized 3 hours after drug administration before
craniotomy. In the case of the meningioma, the tumor also exhibited good fluorescence, which
was helpful during resection, although complete removal could not be achieved. To visualize
and quantify fluorescence, in both cases the HDR-CX180 (SONY, Tokyo, Japan) video camera
as well as three spectrometers (LED405-SMA-TI, R600-8-UV-VIS-SR, Black-Comet CXR-50
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TEC,; StellarNet, Tampa, USA) were employed. The highest measured fluorescence value was

635 nm in both cases.

In human medicine, 5-ALA is routinely used as an adjunct for the delineation of gliomas and
other intracranial tumors from surrounding brain tissue. In a recent 2024 study, participants
were administered 20 mg/kg of 5-ALA orally, four hours prior to the induction of anaesthesia.
(Da Silva et al. 2024) To enhance intraoperative fluorescence visualization, a surgical
microscope (Pentero 900, Zeiss, Vienna, Austria) with BLUE400 filter (375—-440 nm
wavelength) was employed. In this study, 94.8 % (n=163/172) of meningiomas successfully
demonstrated fluorescence, with 7 % (n=12/172) showing heterogeneous fluorescence, likely
due to calcification. The success rate for fluorescence in glioblastomas was 97.8 %
(n=227/232), with 3 % (n=7/232) exhibiting heterogeneous staining, presumably due to
necrotic tissue. Across the entire cohort, which included various other types of intracranial
tumors as well, a success rate of 79.3 % (n=561/707) was observed. In 2.69 % (n=19/707) of
all cases, a transient, mild photoreaction was noted within the first 24 hours postoperatively.
In 0.28 % (n=2/707) of participants, more severe photoreactions including itching were
reported, which resolved within five days following treatment with antihistamines. In one
participant, the rash persisted for up to 10 days. In three cases, vomiting occurred shortly after
the administration of 5-ALA due to increased intracranial pressure, resulting in the absence of

fluorescence.

5.4.2. 5-ALA for lung neoplasia

A study from 2019 on the application of 5-ALA for lung neoplasms was identified, assigned to
IIb according to the PRISMA classification.. (Predina et al. 2019) 20 mg/kg of 5-ALA were
used, administered 2—4 hours prior to surgery. The route of administration was not specified,
though it is presumed that the fluorophore was given orally. Fluorescence of the tumor was
observed in 58.3 % (n=7/12) of cases. In one case, the tumor only exhibited fluorescence after
excision. The proportion of primary lung tumors that fluoresced was 85.7 % (n=6/7), though
peripheral tumor margins were visualized in only 29 % (n=2/7) of these cases. Mild nausea
was observed in one case following 5-ALA administration. Fluorescent imaging was performed
using an endoscopy system (KARL STORZ, Germany) adapted for 5-ALA/PPIX utilisation.

Between 2014 and 2024, only one paper in human medicine was identified that investigated
the use of 5-ALA for the detection of lung tumors. (Kitada et al. 2020) Twenty mg/kg of 5-ALA
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were administered four hours prior to the start of surgery. Nausea was observed in 3.7 %
(n=3/82) of cases following fluorophore administration. Fluorescence was visualized using a
high-sensitivity HbCMOS high-vision camera (Flovel Co., Tokyo, Japan), attached to the
thoracoscope and a 405nm LED. The sensitivity and specificity were reported as 81 % and
62.5 %, respectively. The sensitivity and specificity for lung adenocarcinomas were 93.9 %
and 74.3 %, indicating that this type of tumor is more effectively visualized with 5-ALA

compared to other lung tumors.

5.4.3. 5-ALA for mesothelioma

One case report on the use of 5-ALA for mesotheliomas in veterinary medicine was found
between 2014 and 2024, PRISMA classification IV. (Osaki et al. 2023) Two cases were
described: a cat with thoracic mesothelioma and a dog with peritoneal mesothelioma. In both
cases, 5-ALA was administered orally at a dose of 40 mg/kg two hours prior to the start of
surgery. The success rate for staining tumors was 100 %. No side effects of the fluorophore
were observed. For the visualization of fluorescence, the nodes were examined under white

and blue light. Neither false positive nor false negative lesions were detected.

The number of studies on the use of 5-ALA for mesotheliomas is also limited in human
medicine. A paper from 2016 describes 5-ALA fluorescence detection of peritoneal masses,
including mesotheliomas. (Yonemura et al. 2016) In the study, 20 mg/kg of 5-ALA was
administered four hours before surgery. The detection rate for mesotheliomas using 5-ALA
was 67 % (n=4/6). Tumors were first evaluated under white light and then under blue light with
a wavelength of 375-445 nm. In the entire cohort, which included various other tumor types as
well, nausea was observed in 0.87 % (n=1/115) of cases and vomiting in 0.87 % (n=1/115) of
cases as well. Direct sunlight or other intense light sources were avoided for up to 24 hours
after administration. For mesotheliomas, a sensitivity of 66 % and a specificity of 100 % were

determined.

5.4.4. 5-ALA for mammary gland tumors

One paper on the use of 5-ALA for mammary tumors was published between 2014 and 2024,
categorized as llb under the PRISMA classification. (Osaki et al. 2017) The study used 40
mg/kg of 5-ALA, which were administered orally four hours prior to surgery. The success rate

was 100 % (n=16/16), although in one case, the centre of the tumor did not stain due to
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necrosis. Fluorescence was observed using white and blue light with a wavelength of 405 nm,
and the HDR-CX180 (SONY, Tokyo, Japan) video camera. Additionally, three spectrometers
(LED405-SMA-TI, R600-8-UV-VIS-SR, Black-Comet CXR-50 TEC; StellarNet, Tampa, USA)

were employed to quantify the fluorescence, with a peak value of 635 nm.

A comparable paper from 2021 in human medicine compared dosages of 15 and 30 mg/kg,
which were administered orally two to four hours before surgery. (Ottolino-Perry et al. 2021)
The lower dose recorded a sensitivity and specificity of 65 % and 84.6 %, respectively, while
the higher dose stated a sensitivity and specificity of 68.2 % and 80 %, respectively. A custom-
built device for imaging was used, which emitted light at a wavelength of 405 nm. Ottolino-

Perry et al. (2021) reported no adverse side effects.

5.4.5. 5-ALA for various tumors

A 2019 study utilized 5-ALA for the detection of various tumors (n=124, including sarcomas,
carcinomas, lymphomas, mast cell tumors, benign tumors, and non-neoplastic lesions) in dogs
and cats, assigned to lIb according to the PRISMA classification. (Osaki et al. 2019) A dosage
of 40 mg/kg of 5-ALA was administered orally four hours before surgery. For malignant tumors,
this approach showed a success rate of 88.8 % (n=103/116), with 89 % (n=57/64) success
rate for carcinomas, 88.8 % (n=32/36) for sarcomas, 84.6 % (n=11/13) for mast cell tumors
and 100 % (n=3/3) for lymphomas. 57.1 % (n=8/14) of benign and 42.9 % (n=6/14) of non-
neoplastic lesions turned fluorescent. The sensitivity and specificity of this study were 89.5 %
and 50 %, respectively. Multiple false positives as well as some false negatives were identified.
No 5-ALA-induced fluorescence was observed in hemangiosarcomas. For imaging, a 405 nm
LED light source, the HDR-CX180 (SONY, Tokyo, Japan) video camera as well as three
spectrometers (LED405-SMA-TI, R600-8-UV-VIS-SR, Black-Comet CXR-50 TEC; StellarNet,
Tampa, USA) were employed to quantify the fluorescence. The peak fluorescence value of

PplIX was at 635 nm. No adverse side effects were reported (n=144).

In comparison, a 2024 study in human medicine used 5-ALA for the detection of squamous
cell carcinoma. (Filip et al. 2024) A dose of 20 mg/kg of 5-ALA was administered orally 3-5
hours before the initiation of anaesthesia. Six out of seven tumors fluoresced in situ, resulting
in a success rate of 85.7 %. In one case, the surgery was delayed to 8.5 hours after the
administration of the fluorophore, which likely resulted in the absence of fluorescence. In one

instance, a lymph node fluoresced, which was later confirmed to be metastatic. Fluorescence
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was triggered using a light source with a wavelength of 405 nm. A camera system with an
external filter was used for imaging. The operating room lights were equipped with a filter
blocking wavelengths below 470 nm. In 42.9 % (n=3/7) of cases, side effects such as

photosensitivity in the form of a rash, elevated liver enzymes, and nausea were observed.
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6. Discussion

This review shows that the use of ICG, 5-ALA, MB and FS in veterinary oncology is not yet
widespread and has only been investigated in a limited number of studies. However, the results
of the existing literature are promising, showing potential for reducing tumor recurrence and

improving prognosis in dogs and cats.

FS is the least studied fluorophore, with only one published paper. Due to the small sample
size, a comparison with human medicine is not truly feasible. Notably, the dosage in veterinary
medicine is four to seven times higher than in human medicine (20 mg/kg in veterinary
medicine versus 3—5 mg/kg in human medicine). This may explain why yellow discoloration in
humans is limited to urine, whereas in dogs, it also affects faeces, skin, and mucous

membranes.

MB has so far only been used for SLNM in veterinary medicine. The body of research on its
use is relatively large compared to other applications, with 10 papers and 446 dogs included.
However, in 90 % of these studies, other techniques, such as scintigraphy with tech99, were
employed as well, which limits the significance of the reported success rates of 79.4-99.4 %.
In human medicine, MB is used at doses four to forty times higher than in veterinary medicine
(1-10 mg/tumor in veterinary medicine, 40 mg/tumor in human medicine), though it should be
noted that veterinary patients generally have significantly less body weight than human
patients. The timing of administration in veterinary medicine varies from 15 minutes before
surgery to intraoperative administration. No veterinary studies mentioned the side effect of
temporary urine discoloration, but some reports on discoloration of surrounding tissue were
found. To date, intra-arterial administration of MB for SLNM has only been described in human

medicine, with promising results.

5-ALA has been used in veterinary medicine for various neoplasms (intracranial lesions,
mesotheliomas, mammary and lung tumors, carcinomas, and sarcomas). However, the
sample sizes for each tumor type are small (n = 126 across 6 papers, 3 of which are case
reports), which reduces the significance of success rates ranging from 57.1 % to 100 %.
Although the doses in veterinary and human medicine are quite similar (20—40 mg/kg in
veterinary medicine, 15-30 mg/kg in human medicine), more side effects are reported in
human medicine, such as photoreactions, rashes, vomiting, nausea, and temporarily elevated
liver enzymes. In veterinary medicine, mild nausea has been reported as the only adverse

effect. The absence of photosensitivity in animals may be explained by the presence of fur.
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None of the veterinary papers mention liver enzyme controls after the administration of
fluorophores, therefore no conclusions can be drawn. To prevent nausea and potential
vomiting before adequate 5-ALA absorption, an antiemetic drug should be administered. The
high costs of 5-ALA may prohibit its routine use in veterinary practice due to the lack of pet

insurance and financial constraints.

The applications of FS and 5-ALA overlap in neurosurgery. While FS has a clear cost
advantage, 5-ALA is more tumor-specific due to its metabolic mechanism. Costs and benefits

should be carefully weighed in such cases.

5-ALA also has potential as a photosensitizer for photodynamic therapy in veterinary medicine
but has been minimally explored to date. Osaki et al. (2019) administered 40 mg/kg of 5-ALA
to fourteen animals (4 cats, 10 dogs, 15 tumors) for photodynamic therapy. The tumors were
irradiated using LED (n=4) or diode laser light (n=10). Eleven of the fifteen tumors exhibited
fluorescence (73.3 %). Each animal underwent between 1 and 19 treatments. Due to additional
chemotherapy administered in 6 cases, the exact success rate and long-term prognosis of
PDT with 5-ALA could not be determined. Disease progression was observed in 20 % (n=3/15)
of cases. Stabilisation of the disease was noted in 20 % (n=3/15), partial response in 40 %

(n=6/15), and a complete response in 20 % (n=3/15).

ICG has been the most researched fluorophore in veterinary medicine over the past decade
(n =310, 14 papers), although the sample sizes remain limited, with an average of n = 22. ICG
was mostly used for SLNM but has also been applied in liver, lung, mammary, and superficial
tumors. Similar intravenous doses were used in both veterinary and human medicine (0.5-5
mg/kg in veterinary medicine, 0.25-5 mg/kg in human medicine). For peritumoral injections,
human medicine employed considerably higher doses (0.05-5 mg in veterinary medicine, 0.5—
10 mg in human medicine). Given the typically higher body weight of humans to dogs or cats,
the dosages cannot be compared adequately. No side effects were observed in humans. In
veterinary medicine, only one case of temporary nodule formation at the injection site was
reported. Success rates in studies ranged from 40 % to 100 %. The primary limitation of ICG
is the frequent occurrence of false-positive results due to the staining of non-neoplastic tissue,
such as inflammation. Further research with larger sample sizes is needed to assess the
reliability of ICG.

ICG and FS have also been used for visualizing the vessels in the fundus in veterinary

ophthalmology. Occelli et al. (2022) studied 8 dogs and 13 cats with a physiological fundus.
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ICG was injected as a 1 mg/kg intravenous bolus, while FS was administered at a dose of 20
mg/kg, also intravenously. Fundus images were captured from the time of injection up to 5
minutes afterwards. A challenge with this technique is accurately capturing the various phases
(arterial, arteriovenous, venous, late). If a phase is missed and images cannot be evaluated,
one must wait until the fluorophore clears from the vascular system before attempting another
try. Unlike FS, ICG allows visualization of the choroidal vessels as well, though this can result
in poor visibility of retinal vessels. The laser used for FS fluorescence imaging caused eye
movements even in anaesthetized animals. A benefit of these two methods is the ability to

visualize blood flow, thereby identifying vascular leakage and poor perfusion.

ICG has also been used to visualize vessels and facilitate the creation of skin flap plasties.
Eiger et al. (2024) injected 15 dogs with 0.5 mg/kg ICG intravenously. Immediately thereafter,
three regions for flap plasties (caudal superficial epigastric flap, omocervical flap,
thoracodorsal flap) were examined in each dog for fluorescence using a SPY-Portable
Handheld Imaging System (SPY-PHI Elite, Stryker, Kalamazoo, Michigan) and images were
taken. Five board-certified surgeons evaluated the quality of the fluorescence angiography
images, scoring them from 0 to 4. The caudal superficial epigastric flap appeared most suitable
for this method with a mean score of 3.97. The omocervical flap scored 1.27, and the
thoracodorsal flap scored 1.59. ICG angiography thus seems to be a good method for
visualizing the vessels of a caudal superficial epigastric flap before incision to ensure optimal

perfusion.

ICG has also been used for liver function assessment in dogs. The ICG clearance of 10 healthy
dogs was measured during and post-anaesthesia. ICG was administered intravenously at a
dose of 0.5 mg/kg, and the ICG content in the blood was measured transcutaneously on the
tail using an NIR spectrometer, expressed as a percentage. Additionally, blood samples were
taken every 5 minutes up to 30 minutes to compare results. In awake animals, the two methods
demonstrated a strong correlation (81% variance). However, results in anaesthetized animals
differed more significantly (14% variance), suggesting that the transcutaneous measurement
method should only be used for liver function assessment in awake animals. The study also
reaffirmed that physiological clearance in dogs is significantly lower than in humans (3.7
ml/min/kg vs. 8.9 ml/min/kg). (Grobelna et al. 2016)

A 2016 study evaluated a different fluorophore for its ability to visualize residual cells in mast
cell tumors and soft tissue sarcomas. (Bartholf DeWitt et al. 2016) LUMO015 (Lumicell, Inc,

Wellesley, MA) is a macromolecule categorized as a metabolized fluorophore, activated by
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proteases. These are overexpressed in certain tumor types, leading to accumulation of
LUMO15 in these neoplasms and the production of far-red fluorescence. In physiological
tissues with high protease levels, such as the liver, the signal-to-background ratio decreases.
Bartholf DeWitt et al. (2016) injected LUMO15 intravenously into 19 dogs 24—4 hours before
surgery. After tumor removal, the wound bed was examined using a handheld imaging device,
and biopsies were taken for histological analysis. The success rate in distinguishing neoplastic
from healthy tissue was 92 % (n=93/101). LUMO015 has shown a sensitivity and specificity of
92 % and 92 %. Five false-positive biopsies were obtained, which turned out to be fat (n=4)
and collagenous tissue (n=1), and three false-negative samples, which did not fluoresce but
contained tumor cells, were also noted. In 10 out of 19 dogs (53 %), erythema and facial
swelling, with or without itching, were observed but resolved after administration of

antihistaminic drugs.

Although the research on ICG, 5-ALA, MB and FS yields encouraging results, future research
should focus on targeted fluorophores as well, due to the high number of false positives
associated with passive mechanisms. These tumor-specific dyes can provide clearer
visualization of neoplasms without the risk of staining inflammatory or other non-neoplastic
tissue. In 2020, Favril and Brioschi et al. (2020) investigated the NIR fluorophore DA364,
composed of cyanine dye and a peptidomimetic moiety, which targets integrins. DA364 was
administered intravenously to 24 dogs with superficial tumors 24—48 hours before surgery.
Only 50 % (n =15/30) of neoplasms were well-demarcated by the fluorophore. After tumor
removal, the wound bed was examined for residual fluorescence with a handheld NIR device.
15 wound beds (50 %, n=15/30) showed no fluorescence and no residual tumor cells, while 4
biopsies (13.3 %, n=4/30) fluoresced and contained tumor cells. In 36.6 % (n=11/30),
fluorescence was observed without evidence of residual tumor tissue. DA364 showed a
success rate of 63.3 % (n=19/30) in correctly identifying residual neoplastic tissue. No side
effects were observed. In 2017, Mery et al. (2017) also employed an integrin-targeting
fluorophore, RAFT-(cRGD)4, called Angiostamp, which was administered to one cat and four
dogs 15-18 hours before surgery. Of the eight known masses, six were stained and
histopathologically identified as malignant neoplasms. The remaining two nodules did not
fluoresce and were classified as non-neoplastic. Angiostamp thus achieved a 100% success
rate in identifying neoplastic masses. Furthermore, five additional neoplasms were detected

through fluorescence that would have otherwise been missed. It is important to note for integrin
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targeting dyes, that only 25-50 % of tumors express av33 integrins, so only these tumors will

be stained by integrin-targeting methods.

A 2017 study used a folate receptor-targeted NIR fluorophore, OTL0038, to visualize primary
canine lung tumors. (Keating et al. 2017) The dye was administered intravenously to 10 dogs
2-3 hours before surgery. OTL0038 enabled clear delineation of all tumors (100 %, n=10/10),
and residual tumor tissue in one case, as well as three metastatic lymph nodes, were detected.
NIR systems (Fluobeam, Fluoptics, Grenoble, France, and Karl Storz, Germany) were used

for fluorescence imaging. No side effects were observed.

A completely different approach was taken by Martano et al. (2019), who used acridine orange,
a fluorophore and photosensitizer, in seven cats with feline injection site sarcoma to combine
photodynamic surgery and photodynamic therapy. Acridine orange accumulates in acidic
environments. Due to increased glycolysis and other mechanisms, neoplastic tissue has a
lower pH than healthy tissue, causing the dye to preferentially accumulate in tumors. In the
study, the wound bed was covered with acridine orange intraoperatively after tumor removal.
After 10 minutes in the dark, the fluorophore was removed, and the wound was examined for
residual fluorescent tissue under blue light. Any fluorescing tissue was excised, and acridine
orange was reapplied to the wound bed, followed by 10 minutes of white light irradiation to Kill
any overlooked residual cells through the photosensitizing effect. None of the seven cats
experienced recurrence. In the control group of 30 cats with feline injection site sarcoma,

56.6 % (n=17/30) developed local recurrence and/or lung metastases.

Future research on ICG, 5-ALA, MB and FS should involve higher-quality studies with larger
participant groups. Control groups or direct comparison between the fluorophores could
provide valuable insights for integration of these dyes into clinical practice. Additionally, a
largely overlooked variable that warrants further investigation is the long-term outcome and
recurrence rate following surgery performed with fluorophores. Additionally, research should
focus on the use of targeted fluorophores, as their tumor-specific action provides a safer

method for visualizing neoplasms.

This systematic review was limited by the small number of available studies. Over the past 10
years, only 31 papers have been published in veterinary medicine. Moreover, the sample sizes
in the published papers were small, with a total of 934 animals, averaging 30 animals per study.
The largest included study investigated 124 animals. Furthermore, only four of the 31 papers

included cats, with two being case reports. In total, only 22 feline patients were included (2.4 %,
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n=22/934). This limits the conclusions about the efficacy and safety of fluorophores used on
cats. Another limitation of the study is the mixed scientific quality of the available publications.
Only one publication was classified as la, which had a small sample size as well. The remaining

publications were classified as lIb (n = 19), lll (n = 8), and IV (n = 3, case reports).

In conclusion, it can be stated, that ICG, 5-ALA, MB and FS have the potential to improve
oncological surgery and its outcome. However, surgeons must be aware of the risk of false-
positive results, especially when employing ICG. Further studies with larger subject groups,
particularly including cats, are necessary. Additional research is especially needed on FS and
5-ALA, as the current body of research on these fluorophores is still limited. To reduce the
frequent occurrence of false-positive results, research should also focus on tumor-specific

targeted fluorophores.



36

7. Bibliography

Abdelhafeez AH, Mothi SS, Pio L, Mori M, Santiago TC, McCarville MB, et al. Feasibility of
indocyanine green-guided localization of pulmonary nodules in children with solid tumors.
Pediatr Blood Cancer. 2023;70(10):e30437. doi:10.1002/pbc.30437.

Acerbi F, Cavallo C, Broggi M, Cordella R, Anghileri E, Eoli M, et al. Fluorescein-guided
surgery for malignant gliomas: a review. Neurosurg Rev. 2014;37(4):547-57.
doi:10.1007/s10143-014-0546-6.

Acerbi F. Fluorescein assistance in neuro-oncological surgery: A trend of the moment or a
real technical adjunt? Clinical neurology and neurosurgery. 2016;144:119-20.
doi:10.1016/j.clineuro.2016.03.011.

Alander JT, Kaartinen |, Laakso A, Patila T, Spillmann T, Tuchin VV, et al. A review of
indocyanine green fluorescent imaging in surgery. International Journal of Biomedical
Imaging. 2012;2012:940585. doi:10.1155/2012/940585.

Alexiades-Armenakas M. Laser-mediated photodynamic therapy. Clin Dermatol.
2006;24(1):16—25. doi:10.1016/j.clindermatol.2005.10.027.

Alvarez-Sanchez A, Townsend KL, Newsom L, Milovancev M, Gorman E, Russell DS.
Comparison of indirect computed tomographic lymphography and near-infrared
fluorescence sentinel lymph node mapping for integumentary canine mast cell tumors.
Veterinary surgery : VS. 2023;52(3):416—-27. doi:10.1111/vsu.13929.

Annoni M, Borgonovo S, Aralla M. Sentinel lymph node mapping in canine mast cell tumours
using a preoperative radiographic indirect lymphography: Technique description and
results in 138 cases. Vet Comp Oncol. 2023;21(3):469-81. doi:10.1111/vco.12906.

Bartholf DeWitt S, Eward WC, Eward CA, Lazarides AL, Whitley MJ, Ferrer JM, et al. A
Novel Imaging System Distinguishes Neoplastic from Normal Tissue During Resection of
Soft Tissue Sarcomas and Mast Cell Tumors in Dogs. Veterinary Surgery.
2016;45(6):715-22. doi:10.1111/vsu.12487.

Beer P, Rohrer-Bley C, Nolff MC. Near-infrared fluorescent image-guided lymph node
dissection compared with locoregional lymphadenectomies in dogs with mast cell
tumours. J Small Anim Pract. 2022;63(9):670-8. doi:10.1111/jsap.13529.



37

Bistas E, Sanghavi DK. StatPearls: Methylene Blue. Treasure Island (FL); 2024.

Bray J, Eward W, Breen M. Defining the relevance of surgical margins. Part two: Strategies
to improve prediction of recurrence risk. Vet Comp Oncol. 2023;21(2):145-58.
doi:10.1111/vco.12881.

Brissot HN, Edery EG. Use of indirect lymphography to identify sentinel lymph node in dogs:
a pilot study in 30 tumours. Vet Comp Oncol. 2017;15(3):740-53.
doi:10.1111/vco.12214.

Buzga M, Machytka E, Dvorackova E, Svagera Z, Stejskal D, Maca J, Kral J. Methylene
blue: a controversial diagnostic acid and medication? Toxicol Res (Camb).
2022;11(5):711-7. doi:10.1093/toxres/tfac050.

Campwala I, Vignali PDA, Seynnaeve BK, Davit AJ, Weiss K, Malek MM. Utility of
Indocyanine Green for Sentinel Lymph Node Biopsy in Pediatric Sarcoma and
Melanoma. J Pediatr Surg. 2024;59(7):1326—33. doi:10.1016/j.jpedsurg.2024.03.013.

Carvalho A, Limbert M, Cabral F, Fareleira A, Duarte A, Barroca R, et al. The impact of
methylene blue in colon cancer: a retrospective multicentric study. Int J Colorectal Dis.
2024;39(1):90. doi:10.1007/s00384-024-04663-2.

Casas A. Clinical uses of 5-aminolaevulinic acid in photodynamic treatment and
photodetection of cancer: A review. Cancer letters. 2020;490:165-73.
doi:10.1016/j.canlet.2020.06.008.

Chiti LE, Stefanello D, Manfredi M, Zani DD, Zani D de, Boracchi P, et al. To map or not to
map the cNO neck: Impact of sentinel lymph node biopsy in canine head and neck
tumours. Vet Comp Oncol. 2021;19(4):661-70. doi:10.1111/vco.12697.

Cwalinski T, Polom W, Marano L, Roviello G, D'Angelo A, Cwalina N, et al. Methylene Blue-
Current Knowledge, Fluorescent Properties, and Its Future Use. J Clin Med 2020.
doi:10.3390/jcm9113538.

Da Silva EB, Ramina R, Novak Filho JL, Jung GS, Bornancin GX, Neto MC. Pharmaceutical
equivalent 5-aminolevulinic acid fluorescence guided resection of central nervous system

tumors: feasibility, safeness and cost-benefit considerations. Journal of neuro-oncology.
2024;168(3):555-62. doi:10.1007/s11060-024-04698-z.



38

Dai Z-Y, Shen C, Mi X-Q, Pu Q. The primary application of indocyanine green fluorescence
imaging in surgical oncology. Frontiers in Surgery. 2023;10:1077492.
doi:10.3389/fsurg.2023.1077492.

Eiger SN, Bertran J, Reynolds PS, Regier P, Case JB, Ham K, et al. Use of near-infrared
fluorescence angiography with indocyanine green to evaluate direct cutaneous arteries
used for canine axial pattern flaps. Veterinary Surgery. 2024;53(6):1073—-82.
doi:10.1111/vsu.14121.

Favril S, Abma E, Blasi F, Stock E, Devriendt N, Vanderperren K, Rooster H de. Clinical use
of organic near-infrared fluorescent contrast agents in image-guided oncologic
procedures and its potential in veterinary oncology. Vet Rec. 2018;183(11):354.
doi:10.1136/vr.104851.

Favril S, Stock E, Hernot S, Hesta M, Polis I, Vanderperren K, Rooster H de. Sentinel lymph
node mapping by near-infrared fluorescence imaging and contrast-enhanced ultrasound
in healthy dogs. Vet Comp Oncol. 2019;17(1):89-98. doi:10.1111/vco.12449.

Favril S, Abma E, Stock E, Devriendt N, van Goethem B, Blasi F, et al. Fluorescence-guided
surgery using indocyanine green in dogs with superficial solid tumours. Vet Rec.
2020;187(7):273. doi:10.1136/vr.105554.

Favril S, Brioschi C, Vanderperren K, Abma E, Stock E, Devriendt N, et al. Preliminary safety
and imaging efficacy of the near-infrared fluorescent contrast agent DA364 during
fluorescence-guided surgery in dogs with spontaneous superficial tumors. Oncotarget.
2020;11(24):2310-26. doi:10.18632/oncotarget.27633.

Ferrari R, Chiti LE, Manfredi M, Ravasio G, Zani D de, Zani DD, et al. Biopsy of sentinel
lymph nodes after injection of methylene blue and lymphoscintigraphic guidance in 30
dogs with mast cell tumors. Veterinary Surgery. 2020;49(6):1099-108.
doi:10.1111/vsu.13483.

Filip P, Lerner DK, Kominsky E, Schupper A, Liu K, Khan NM, et al. 5-Aminolevulinic Acid
Fluorescence-Guided Surgery in Head and Neck Squamous Cell Carcinoma.
Laryngoscope. 2024;134(2):741-8. doi:10.1002/lary.30910.

Follin SL, Charland SL. Acute pain management: operative or medical procedures and
trauma. Ann Pharmacother. 1997;31(9):1068—76. doi:10.1177/106002809703100917.



39

Fransvea P, Chiarello MM, Fico V, Cariati M, Brisinda G. Indocyanine green: The guide to
safer and more effective surgery. World Journal of Gastrointestinal Surgery.
2024;16(3):641-9. doi:10.4240/wjgs.v16.i3.641.

Furuhama K, Goi S, Kawarabayashi K, Maru C, Inage F. Calculation of maximal removal rate
of indocyanine green to measure hepatic functional mass in dogs by use of the nine-hour

method. American journal of veterinary research. 1996;57(6):803—6.

Gariboldi EM, Ubiali A, Chiti LE, Ferrari R, Zani D de, Zani DD, et al. Evaluation of Surgical
Aid of Methylene Blue in Addition to Intraoperative Gamma Probe for Sentinel Lymph
Node Extirpation in 116 Canine Mast Cell Tumors (2017-2022). Animals : an open
access journal from MDPI 2023. doi:10.3390/ani13111854.

Gong MF, Li WT, Bhogal S, Royes B, Heim T, Silvaggio M, et al. Intraoperative Evaluation of
Soft Tissue Sarcoma Surgical Margins with Indocyanine Green Fluorescence Imaging.
Cancers (Basel) 2023. doi:10.3390/cancers15030582.

Grobelna AP, Honkavaara J, Restitutti F, Huuskonen V, Sakka SG, Spillmann T. Evaluation
of a transcutaneous method to assess canine liver function by indocyanine green plasma
disappearance rate in healthy adult Beagle dogs. Veterinary journal (London, England :
1997). 2016;209:169-73. doi:10.1016/j.tvjl.2015.10.053.

Han R, Wang L-F, Teng F, Lin J, Xian Y-T, Lu Y, Wu A-L. Presurgical computed
tomography-guided localization of lung ground glass nodules: comparing hook-wire and
indocyanine green. World J Surg Oncol. 2024;22(1):51. doi:10.1186/s12957-024-03331-
7.

Harada Y, Murayama Y, Takamatsu T, Otsuji E, Tanaka H. 5-Aminolevulinic Acid-Induced
Protoporphyrin IX Fluorescence Imaging for Tumor Detection: Recent Advances and
Challenges. International Journal of Molecular Sciences. 2022;23(12):6478.
doi:10.3390/ijms23126478.

Hoekstra LT, Graaf W de, Nibourg GAA, Heger M, Bennink RJ, Stieger B, van Gulik TM.
Physiological and biochemical basis of clinical liver function tests: a review. Annals of
Surgery. 2013;257(1):27-36. doi:10.1097/SLA.0b013e31825d5d47.

Holt D, Okusanya O, Judy R, Venegas O, Jiang J, DeJesus E, et al. Intraoperative near-
infrared imaging can distinguish cancer from normal tissue but not inflammation. PLoS
One. 2014;9(7):e103342. doi:10.1371/journal.pone.0103342.



40

Holt D, Parthasarathy AB, Okusanya O, Keating J, Venegas O, Deshpande C, et al.
Intraoperative near-infrared fluorescence imaging and spectroscopy identifies residual
tumor cells in wounds. J Biomed Opt. 2015;20(7):76002.
doi:10.1117/1.JB0.20.7.076002.

Hu Q, Tian Z, Sun Y, Zhang B, Tang Z. Safety and efficacy of indocyanine green
fluorescence imaging for real-time guidance of laparoscopic thermal ablation in patients
with liver cancer. International journal of hyperthermia : the official journal of European
Society for Hyperthermic Oncology, North American Hyperthermia Group.
2024;41(1):2306818. doi:10.1080/02656736.2024.2306818.

Ishizuka M, Abe F, Sano Y, Takahashi K, Inoue K, Nakajima M, et al. Novel development of
5-aminolevurinic acid (ALA) in cancer diagnoses and therapy. International
Immunopharmacology. 2011;11(3):358—65. doi:10.1016/j.intimp.2010.11.029.

Jaffey JA, Harmon MR, Villani NA, Creighton EK, Johnson GS, Giger U, Dodam JR. Long-
term Treatment with Methylene Blue in a Dog with Hereditary Methemoglobinemia
Caused by Cytochrome b5 Reductase Deficiency. J Vet Intern Med. 2017;31(6):1860-5.
doi:10.1111/jvim.14843.

Jansen BAM, Bargon CA, Huibers AE, Postma EL, Young-Afat DA, Verkooijen HM, Doeksen
A. Efficacy of indocyanine green fluorescence for the identification of non-palpable breast

tumours: systematic review. BJS open 2023. doi:10.1093/bjsopen/zrad092.

Keating JJ, Runge JJ, Singhal S, Nims S, Venegas O, Durham AC, et al. Intraoperative near-
infrared fluorescence imaging targeting folate receptors identifies lung cancer in a large-
animal model. Cancer. 2017;123(6):1051-60. doi:10.1002/cncr.30419.

Kim H, Lee SK, Kim YM, Lee E-H, Lim S-J, Kim SH, et al. Fluorescent iodized emulsion for
pre- and intraoperative sentinel lymph node imaging: validation in a preclinical model.
Radiology. 2015;275(1):196—204. doi:10.1148/radiol.14141159.

Kitada M, Ohsaki Y, Yasuda S, Abe M, Yoshida N, Okazaki S, Ishibashi K. Retraction :
Photodynamic Diagnosis for Pleural Disseminated Lesions of Lung Cancer Using a

Combination of 5-Aminolevulinic Acid and Autofluorescence Observation System. ATCS
2020. doi:10.5761/atcs.0a.20-00014.

Manfredi M, Zani D de, Chiti LE, Ferrari R, Stefanello D, Giudice C, et al. Preoperative planar

lymphoscintigraphy allows for sentinel lymph node detection in 51 dogs improving



41

staging accuracy: Feasibility and pitfalls. Vet Radiol Ultrasound. 2021;62(5):602-9.
doi:10.1111/vru.12995.

Martano M, Morello E, Avnet S, Costa F, Sammartano F, Kusuzaki K, Baldini N.
Photodynamic Surgery for Feline Injection-Site Sarcoma. Biomed Res Int.
2019;2019:8275935. d0i:10.1155/2019/8275935.

McDonagh EM, Bautista JM, Youngster I, Altman RB, Klein TE. PharmGKB summary:
methylene blue pathway. Pharmacogenetics and genomics. 2013;23(9):498-508.
doi:10.1097/FPC.0b013e32836498f4.

Mery E, Golzio M, Guillermet S, Lanore D, Le Naour A, Thibault B, et al. Fluorescence-
guided surgery for cancer patients: a proof of concept study on human xenografts in
mice and spontaneous tumors in pets. Oncotarget. 2017;8(65):109559—74.
doi:10.18632/oncotarget.22728.

Nakano Y, Nakata K, Shibata S, Heishima Y, Nishida H, Sakai H, et al. Fluorescein sodium-
guided resection of intracranial lesions in 22 dogs. Veterinary surgery : VS.
2018;47(2):302-9. doi:10.1111/vsu.12763.

Newton A, Predina J, Mison M, Runge J, Bradley C, Stefanovski D, et al. Intraoperative near-
infrared imaging can identify canine mammary tumors, a spontaneously occurring, large
animal model of human breast cancer. PLoS One. 2020;15(6):e0234791.
doi:10.1371/journal.pone.0234791.

Occelli LM, Pirie CG, Petersen-Jones SM. Non-invasive optical coherence tomography
angiography: A comparison with fluorescein and indocyanine green angiography in
normal adult dogs and cats. Veterinary ophthalmology. 2022;25 Suppl 1:164—78.
doi:10.1111/vop.12973.

O'goshi K, Serup J. Safety of sodium fluorescein for in vivo study of skin. Skin Res Technol.
2006;12(3):155-61. doi:10.1111/j.0909-752X.2006.00147 .x.

Osaki T, Yokoe |, Ogura S, Takahashi K, Murakami K, Inoue K, et al. Photodynamic
detection of canine mammary gland tumours after oral administration of 5-aminolevulinic
acid. Vet Comp Oncol. 2017;15(3):731-9. d0i:10.1111/vco.12213.

Osaki T, Yokoe |, Sunden Y, Ota U, Ichikawa T, Imazato H, et al. Efficacy of 5-Aminolevulinic
Acid in Photodynamic Detection and Photodynamic Therapy in Veterinary Medicine.
Cancers (Basel) 2019. doi:10.3390/cancers11040495.



42

Osaki T, Gonda K, Murahata Y, Sunden Y, Amaha T, Kunisue N, et al. Photodynamic
detection of a feline meningioma using 5-aminolaevulinic acid hydrochloride. JFMS Open
Rep. 2020;6(1):2055116920907429. doi:10.1177/2055116920907429.

Osaki T, Amaha T, Murahata Y, Sunden Y, Iguchi A, Harada K, et al. Utility of 5-
aminolaevulinic acid fluorescence-guided endoscopic biopsy for malignant mesothelioma
in a cat and dog. Australian veterinary journal. 2023;101(3):99-105.
doi:10.1111/avj.13224.

Ottolino-Perry K, Shahid A, DeLuca S, Son V, Sukhram M, Meng F, et al. Intraoperative
fluorescence imaging with aminolevulinic acid detects grossly occult breast cancer: a
phase Il randomized controlled trial. Breast Cancer Res. 2021;23(1):72.
doi:10.1186/s13058-021-01442-7.

Peter C, Hongwan D, Kipfer A, Lauterburg BH. Pharmacokinetics and organ distribution of
intravenous and oral methylene blue. European journal of clinical pharmacology.
2000;56(3):247-50. doi:10.1007/s002280000124.

Pop CF, Veys |, Bormans A, Larsimont D, Liberale G. Fluorescence imaging for real-time
detection of breast cancer tumors using IV injection of indocyanine green with non-
conventional imaging: a systematic review of preclinical and clinical studies of
perioperative imaging technologies. Breast Cancer Res Treat. 2024;204(3):429-42.
doi:10.1007/s10549-023-07199-1.

Predina JD, Runge J, Newton A, Mison M, Xia L, Corbett C, et al. Evaluation of
Aminolevulinic Acid-Derived Tumor Fluorescence Yields Disparate Results in Murine and
Spontaneous Large Animal Models of Lung Cancer. Sci Rep. 2019;9(1):7629.
doi:10.1038/s41598-019-40334-x.

Randall EK, Jones MD, Kraft SL, Worley DR. The development of an indirect computed
tomography lymphography protocol for sentinel lymph node detection in head and neck
cancer and comparison to other sentinel lymph node mapping techniques. Vet Comp
Oncol. 2020;18(4):634—44. doi:10.1111/vco.12585.

Reinhart MB, Huntington CR, Blair LJ, Heniford BT, Augenstein VA. Indocyanine Green:
Historical Context, Current Applications, and Future Considerations. Surgical Innovation.
2016;23(2):166—75. doi:10.1177/1553350615604053.



43

Rossanese M, Pierini A, Pisani G, Freeman A, Burrow R, Booth M, et al. Ultrasound-guided
placement of an anchor wire or injection of methylene blue to aid in the intraoperative
localization and excision of peripheral lymph nodes in dogs and cats. Journal of the
American Veterinary Medical Association. 2021;260(S1):S75-S82.
doi:10.2460/javma.20.09.0499.

Sakka SG. Assessment of liver perfusion and function by indocyanine green in the
perioperative setting and in critically ill patients. Journal of Clinical Monitoring and
Computing. 2018;32(5):787-96. doi:10.1007/s10877-017-0073-4.

Sakurai N, Ishigaki K, Terai K, Heishima T, Okada K, Yoshida O, et al. Clinical impact of
near-infrared fluorescence imaging with indocyanine green on surgical treatment for
hepatic masses in dogs. BMC Vet Res. 2022;18(1):374. doi:10.1186/s12917-022-03467-
2.

Sakurai N, Ishigaki K, Terai K, Heishima T, Okada K, Yoshida O, et al. Impact of near-
infrared fluorescence imaging with indocyanine green on the surgical treatment of
pulmonary masses in dogs. Frontiers in veterinary science. 2023;10:1018263.
doi:10.3389/fvets.2023.1018263.

Schebesch K-M, Brawanski A, Hohenberger C, Hohne J. Fluorescein Sodium-Guided
Surgery of Malignant Brain Tumors: History, Current Concepts, and Future Project. Turk
Neurosurg. 2016;26(2):185-94. doi:10.5137/1019-5149.JTN.16952-16.0.

She WH, Chan MY, Tsang SHY, Dai WC, Chan ACY, Lo CM, Cheung TT. Correlation of
pathological examination with indocyanine green (ICG) intensity gradients: a prospective
study in patients with liver tumor. Surg Endosc. 2024;38(6):3441—-7. doi:10.1007/s00464-
024-10840-9.

Sidi A, Paulus DA, Rush W, Gravenstein N, Davis RF. Methylene blue and indocyanine
green artifactually lower pulse oximetry readings of oxygen saturation. Studies in dogs.
Journal of clinical monitoring. 1987;3(4):249-56. doi:10.1007/BF03337379.

Smith RP, Thron CD. Hemoglobin, methylene blue and oxygen interactions in human red
cells. J Pharmacol Exp Ther. 1972;183(3):549-58.

Soultani C, Patsikas MN, Karayannopoulou M, Jakovljevic S, Chryssogonidis |, Papazoglou
L, et al. ASSESSMENT OF SENTINEL LYMPH NODE METASTASIS IN CANINE



44

MAMMARY GLAND TUMORS USING COMPUTED TOMOGRAPHIC INDIRECT
LYMPHOGRAPHY. Vet Radiol Ultrasound. 2017;58(2):186—96. doi:10.1111/vru.12460.

Stummer W, Suero Molina E. Fluorescence Imaging/Agents in Tumor Resection.
Neurosurgery Clinics of North America. 2017;28(4):569-83.
doi:10.1016/j.nec.2017.05.009.

Thomson C. Augmenting Laparoscopic Surgery with Fluorescence Imaging. Vet Clin North
Am Small Anim Pract. 2024;54(4):671-83. doi:10.1016/j.cvsm.2024.02.004.

Townsend KL, Milovancev M, Bracha S. Feasibility of near-infrared fluorescence imaging for
sentinel lymph node evaluation of the oral cavity in healthy dogs. American journal of
veterinary research. 2018;79(9):995-1000. doi:10.2460/ajvr.79.9.995.

van Keulen S, Hom M, White H, Rosenthal EL, Baik FM. The Evolution of Fluorescence-
Guided Surgery. Mol Imaging Biol. 2023;25(1):36—45. doi:10.1007/s11307-022-01772-8.

Vemula Venkata VL, Hulikal N, Chowhan AK. Effectiveness of sentinel lymph node biopsy
and bilateral pelvic nodal dissection using methylene blue dye in early-stage operable
cervical cancer-A prospective study. Cancer treatment and research communications.
2024;39:100816. doi:10.1016/j.ctarc.2024.100816.

Wan J, Oblak ML, Ram A, Singh A, Nykamp S. Determining agreement between
preoperative computed tomography lymphography and indocyanine green near infrared
fluorescence intraoperative imaging for sentinel lymph node mapping in dogs with oral
tumours. Vet Comp Oncol. 2021;19(2):295-303. doi:10.1111/vco.12675.

Wang K, Huang W, Chen X, Li G, Li N, Huang X, et al. Efficacy of Near-Infrared
Fluorescence Video-Assisted Thoracoscopic Surgery for Small Pulmonary Nodule

Resection with Indocyanine Green Inhalation: A Randomized Clinical Trial. Annals of
surgical oncology. 2023;30(9):5912—22. d0i:10.1245/s10434-023-13753-4.

Wolffer M, Liechti R, Constantinescu M, Lese |, Zubler C. Sentinel Lymph Node Detection in
Cutaneous Melanoma Using Indocyanine Green-Based Near-Infrared Fluorescence
Imaging: A Systematic Review and Meta-Analysis. Cancers (Basel) 2024.
doi:10.3390/cancers16142523.

Worley DR. Incorporation of sentinel lymph node mapping in dogs with mast cell tumours: 20
consecutive procedures. Vet Comp Oncol. 2014;12(3):215-26. doi:10.1111/j.1476-
5829.2012.00354 .x.



45

Xiao Y, Li M, Wang X, Tan J, Qin C, Liu Q. Fluorescein-guided surgery in high-grade
gliomas: focusing on the eloquent and deep-seated areas. J Cancer Res Clin Oncol.
2024;150(5):274. doi:10.1007/s00432-024-05796-1.

Yamashita M, Osaki T, Sunden Y, Takahashi K, Ishizuka M, Tanaka T, et al. Photodynamic
detection of a canine glioblastoma using 5-aminolevulinic acid. J Small Anim Pract.
2020;61(8):516-9. doi:10.1111/jsap.12947.

Yonemura Y, Canbay E, Ishibashi H, Nishino E, Endou Y, Sako S, Ogura S-I. 5-
Aminolevulinic Acid Fluorescence in Detection of Peritoneal Metastases. Asian Pac J
Cancer Prev. 2016;17(4):2271-5. doi:10.7314/apjcp.2016.17.4.2271.



46

8. List of figures and tables

Fig. 1 Flowchart, material and methods 11

Tab. 1 PRISMA classification system 12

Tab.2 | methylene blue for sentinel lymph node mapping in veterinary | 16
medicine between 2014 and 2024

Tab.3 | Indocyanine green for sentinel lymph node mapping in veterinary | 24

medicine between 2014 and 2024




47

9. Appendix

Appendix 1: search protocol for the veterinary papers

https://docs.google.com/document/d/e/2PACX-

1vQ8XgEKmMGzNjdtQUecxcebLo2Zxkmbc FLRp2GduHiwEd9ObNYGVAObT-ODo98I2R-
GuRqHWw7FGkHSo/pub



https://docs.google.com/document/d/e/2PACX-1vQ8XqEKmGzNjdtQUcxce6Lo2Zxkm5c_FLRp2GduHiwEd9ObNYGvA0bT-ODo98l2R-GuRqHWw7FGkHSo/pub
https://docs.google.com/document/d/e/2PACX-1vQ8XqEKmGzNjdtQUcxce6Lo2Zxkm5c_FLRp2GduHiwEd9ObNYGvA0bT-ODo98l2R-GuRqHWw7FGkHSo/pub
https://docs.google.com/document/d/e/2PACX-1vQ8XqEKmGzNjdtQUcxce6Lo2Zxkm5c_FLRp2GduHiwEd9ObNYGvA0bT-ODo98l2R-GuRqHWw7FGkHSo/pub

48

Acknowledgements

| would like to thank my advisor Gabi for her support, the collaboration as equals, and her
understanding during more challenging times. | also want to express my gratitude to my
parents, who made all of this possible. A special thanks goes to my sister Lea, for always

supporting me and believing in me, often more than | did myself.



	Title
	ZUSAMMENFASSUNG
	ABSTRACT
	TABLE OF CONTENTS
	1.list of abbreviations
	2.Introduction and Research Questions
	3.Literature Overview
	4.Material and methods
	5.Results
	6.Discussion
	7.Bibliography
	8.List of figures and tables
	9.Appendix

