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ABSTRACT

THE USE OF NEAR INFRARED FLUORESCENCE IMAGING FOR SENTINEL LYMPH
NODE MAPPING IN DOGS
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University of Guelph, 2021

Michelle L. Oblak

Locoregional lymph node evaluation is a crucial process for staging many solitary
cancers. Identifying and localizing the primary draining lymph node can be challenging,
particularly in anatomically complex regions, such as the head and neck. The first lymph
node(s) that receive lymphatic drainage from a primary tumour is termed the sentinel
lymph node (SLN) and can be predicative of metastatic disease. Several SLN mapping
techniques have been described to identify and locate the SLN. Near infrared
fluorescence imaging (NIRF) is one technique that has been used successfully in
human medicine, and requires a fluorescent contrast agent, commonly, indocyanine
green (ICG). However, NIRF has not been extensively investigated in veterinary
medicine. Furthermore, a combination of preoperative and intraoperative SLN mapping
modalities has been suggested to improve the accuracy of SLN detection. The purpose
of this research was to evaluate the use of NIRF for SLN mapping in dogs. The
objective of the first study was to determine the agreement between preoperative
computed tomography lymphography (CTL) using iohexol and intraoperative NIRF
lymphography for SLN detection in dogs with oral tumours. A fair agreement between
preoperative and intraoperative SLN mapping modalities was identified. Near infrared

fluorescence imaging was effective in localizing SLNs intraoperatively resulting in a high
SLN detection rate. In addition, the combination of preoperative and intraoperative
modalities resulted in high SLN detection rates.

A novel dual-modality imaging contrast agent, Nanotrast-CF800, incorporates
both iohexol and ICG within a liposomal nanoparticle for the use of preoperative CTL
and intraoperative NIRF for SLN mapping. The feasibility of CF800 and the
development of potential associated local and systemic adverse events were assessed
in a healthy canine population following local administration within the oral cavity and
following intravenous administration in two separate studies. Prolonged retention of the
contrast agent within SLNs identified on CT images and/or NIRF were observed. No
significant local or systemic adverse events were observed following local and
intravenous administration of CF800. The administration of CF800 is safe to use in
healthy dogs with prolonged retention within targeted tissues.
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CHAPTER I
1.1 Introduction and Statement of Objectives and Hypotheses
For many solitary tumours, the metastatic status of regional lymph nodes can
significantly impact the clinical outcome of a patient and determine whether additional
surgery and/or adjuvant therapy (i.e. chemotherapy, radiation therapy) is warranted. In
human medicine, breast cancer patients without axillary lymph node metastasis have a
28-40% increased overall survival compared to patients with axillary lymph node
metastasis (Kim et al. 2006). In dogs and cats, lymph node status in solitary masses,
including mast cell tumours (Worley 2012, Hume et al. 2011), oral malignant melanoma
(Hahn et al. 1994, Williams & Packer 2003), mammary tumours (Yamagami et al. 1996,
Chang et al. 2005, Sorenmo 2003), and anal sac adenocarcinoma (Potanas et al. 2015)
have demonstrated prognostic significance. For this reason, assessment of locoregional
lymph nodes should become routine practice for staging cancers in veterinary oncology.
The concept of the sentinel lymph node (SLN) and SLN biopsy was introduced in
human medicine for staging cutaneous melanoma, and its clinical application has been
used extensively in the management of breast cancer. Assessment of the SLN can be
predictive of the metastatic status of the patient. Several SLN mapping techniques have
been described, which can be used preoperatively and/or intraoperatively, for the
localization and identification of the SLN with varying accuracies depending on the
modality. The combination of preoperative and intraoperative modalities has been
advocated to optimize SLN detection (Yamamoto et al. 2016, Rossi et al. 2018, Ishiguro
1

et al. 2020). The current standard consists of a combination of colorimetric
lymphography using blue dye and indirect lymphoscintigraphy. However, several
limitations have been associated with the use of these modalities, such as severe
allergic reactions to blue dye and the availability of specialized nuclear facilities to
perform lymphoscintigraphy (Beer et al. 2018). Near infrared fluorescence imaging
(NIRF) is an alternative SLN mapping technique that utilizes a fluorescent contrast
agent, indocyanine green (ICG). This newer optical imaging modality overcomes many
of the challenges associated with the use of blue dye and radioactive materials while
consistently maintaining a similar level of accuracy for SLN detection (Kedryzcki et al.
2020). The high sensitivity and accuracy of NIRF imaging for SLN detection has led
some researchers to advocate for its standard use for SLN mapping for breast cancer
and head and neck cancers (Pitsinis et al. 2015, Kedryzcki et al. 2020).
In veterinary medicine, SLN mapping is not routinely performed in the staging of
solitary tumours. Historically, the assessment of locoregional metastasis was based on
palpation of enlarged and firm lymph nodes; however, this has been demonstrated to be
an unreliable predictor of metastasis (Herring et al. 2002, Langenbach et al. 2001,
Brissot & Edery 2016). Fine needle aspiration and cytology of locoregional lymph nodes
is a noninvasive method of assessment and should be performed instead; however,
histopathologic evaluation is considered the gold standard. The sensitivity of lymph
node cytology for detecting metastatic disease was found to vary depending on tumour
type and ranged between 63-100% (Langenbach et al. 2001, Ku et al. 2017, Fournier et
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al. 2018). Lymphatic drainage patterns of certain anatomical regions, such as the head
and neck, are complex and not well defined. Several lymphocentrums, including the
mandibular lymphocentrum, consist of more than 1 lymph node (Randall et al. 2020,
Bae et al. 2021). In addition, evaluation of the anatomical regional lymph node may not
reflect the true SLN, which could be located outside the presumed lymphatic basin
(Herring et al. 2002, Skinner et al. 2016). These anatomical variabilities can make
identification of the SLN challenging and unpredictable; thus, sampling of the incorrect
lymph node may occur. Therefore, SLN mapping should be considered as standard
procedure in veterinary oncology to ensure accurate locoregional staging.
There are limited reports evaluating SLN mapping in veterinary medicine.
Several SLN mapping techniques and their various combinations have been described
and include blue dye + lymphoscintigraphy (Balogh et al. 2002, Worley 2014, Ferrari et
al. 2020), fluorescein + patent blue (Wells et al. 2006), radiographic indirect
lymphography + methylene blue (MB) (Brissot & Edery 2017), computed tomography
lymphography (CTL) (Patsikas et al. 2010, Grimes et al. 2017, Majeski et al. 2017,
Soultani et al. 2017, Rossi et al. 2018, Lapsley et al. 2021), CTL + lymphoscintigraphy
(Randall et al. 2020), CTL + MB (Grimes et al. 2020), NIRF (Townsend et al. 2018), and
contrast-enhanced ultrasound + NIRF (Favril et al. 2019). Based on the current
literature, there is a lack of information evaluating the clinical application of NIRF and
ICG for SLN mapping in veterinary patients.
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This thesis research intends to investigate the use of NIRF ICG for the detection of
SLNs in dogs with head and neck tumours, particularly oral tumours. The first study
aimed to determine the agreement between preoperative CTL with intraoperative
lymphography (NIRF ICG + MB) for SLN detection in dogs with oral tumours. A
secondary objective was to determine the efficacy of the combination of these
modalities for SLN mapping and to determine the feasibility of performing NIRF SLN
mapping. We hypothesized that there would be a high level of agreement between
preoperative CTL and intraoperative lymphography for SLN detection in dogs with oral
tumours. We also hypothesized that the combination of SLN mapping modalities would
achieve a high SLN detection rate and that NIRF would detect more SLNs than CTL
and MB. .
A novel dual-modality imaging contrast agent, Nanotrast-CF800 (CF800), was
recently developed to allow for the combination of preoperative CTL and intraoperative
NIRF for surgical planning of solitary tumours and SLN mapping (Zheng et al. 2015).
The contrast agent co-encapsulates iohexol and ICG within a liposomal nanoparticle.
Experimental animal model studies demonstrate prolonged retention of the agent within
primary tumours and metastatic lymph nodes, which indicate that contrast accumulates
in targeted tissues (Zheng et al. 2015, Hu et al. 2018, Wada et al. 2019). These results
also suggest that longitudinal imaging studies could be performed following a single
injection of the agent. Studies evaluating its use in companion animals has not yet been
performed; therefore, the second study aimed to investigate the feasibility and efficacy
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of CF800 with CTL and NIRF following local administration within the oral cavity of
healthy dogs. A secondary objective was to identify and report any local adverse
events. We hypothesized that the local administration of CF800 would be simple and
feasible to perform and achieve a high SLN detection rate. We also hypothesized that
there would be no local adverse events associated with local administration of CF800.
Lastly, the objective of the third study was to determine the safety profile of CF800
administered intravenously in healthy dogs. We hypothesized that CF800 would be safe
to administer to healthy dogs intravenously and would be associated with no systemic
adverse events.
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CHAPTER II: LITERATURE REVIEW
2.1 The Lymphatic System
The general functions of the lymphatic system are to maintain tissue fluid
homeostasis, aid in the host immune response, and transport lipids from the
gastrointestinal tract to the systemic circulation (Bezuidenhout 2013, van Nimwegen &
Kirpensteijn 2015, Padera et al. 2016). The composition of lymph varies from each
region of the body. Lymph absorbed from the digestive tract is emulsified as chyle, while
lymph from the liver contains high levels of protein (Bezuidenhout 2013). The lymphatic
system participates in the host defence system by detecting foreign or infectious agents
and initiating an immune response (Bezuidenhout 2013, van Nimwegen & Kirpensteijn
2015). Lymphatic fluid contains immune cells, such as lymphocytes, monocytes, and
antigen presenting cells, that circulate within the lymphatic system and are also found
within lymphatic tissue and lymph nodes (van Nimwegen & Kirpensteijn 2015, Padera et
al. 2016).
The lymphatic vasculature comprises of initial small blind-ended vessels,
lymphatic capillaries, and collecting ducts, which drain lymph from regional areas of the
body, as illustrated in Figure 2.1. (Stacker et al. 2014, van Nimwegen & Kirpensteijn
2015). Initial lymphatic vessels are made up of a single layer of lymphatic endothelial
cells, which line a discontinuous basement membrane (Padera et al. 2016). Openings
between endothelial cells allow for migration of extracellular fluid, macromolecules, and
cells to enter the blind-ended lymphatics (van Nimwegen & Kirpensteijn 2015). Lymph
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flow is transported to pre-collecting lymphatic tracts, then to larger collecting lymphatic
ducts. Lymphatic vessels pass through a lymph node as it transitions to collecting
lymphatic ducts before entering the thoracic duct and re-entry into the systemic
circulation (Stacker et al. 2014). Lymphatic drainage is driven by fluid pressure
gradients between the interstitium and lymphatic vessels, which drive fluid from tissues
into the lymphatic system (Padera et al. 2016). Larger lymphatic vessels contain oneway valves to allow for forward movement of lymphatic flow and prevention of reflux of
fluid back into the interstitial space (Stacker et al. 2014, van Nimwegen & Kirpensteijn
2015). Forward lymphatic flow is achieved by active (constriction of vascular smooth
muscle) and passive (contraction of skeletal muscle and arterial pulses) means (van
Nimwegen & Kirpensteijn 2015). Dysregulation of the lymphatic system can result in
pathologies including lymphedema, compromised immune system, and gastrointestinal
malabsorption (Witte et al. 2006, Padera et al. 2016).
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Figure 2.1 Illustration of the structure of lymphatic vessels. BM, basement membrane; SMC,
smooth muscle cell. Adapted and modified from “Lymphangiogenesis and lymphatic vessel
remodeling in cancer” by SA Stacker, SP Williams, T Karnezis, R Shayan, et al., Nat Rev Cancer.
2014;14:162 by “Macmillan Publishers Limited”.

2.1.1 Lymph nodes and lymphatic vessels
Lymph nodes are the functional unit of the lymphatic system that filter lymph and
act as a germinal center for lymphocytes (Bezuidenhout 2013, van Nimwegen &
Kirpensteijn 2015). Lymph nodes are surrounded by a capsule and contain a cortex and
medulla. The cortex primarily contains B-lymphocytes with germinal centers consisting
of B-lymphocytes and plasma cells surrounded by T-lymphocytes while the medulla
contains cords of macrophages, lymphocytes, and plasma cells (van Nimwegen &
Kirpensteijn 2015). The paracortex lies between the cortex and medulla and contains
macrophages and T-cells. Subcapsular, cortical, and medullary sinuses are present
between the lymph spaces and are lined with a discontinuous endothelium to filter and
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phagocytose foreign material (Bezuidenhout 2013, van Nimwegen & Kirpensteijn 2015).
Lymph vessels draining into a node are defined as afferent lymphatic vessels while
lymphatic vessels exiting a node are referred to as efferent lymphatic vessels. All
lymphatic vessels drain to at least one lymph node and some drain to several nodes
(Bezuidenhout 2013, van Nimwegen & Kirpensteijn 2015).
Lymph nodes are typically located in areas of high fat density, such as the flexor
angles of joints, mediastinum, mesentery, and between the angles formed by large
blood vessels (Bezuidenhout 2013, van Nimwegen & Kirpensteijn 2015). In dogs, there
are typically one to two lymph nodes at each site. A lymphocentrum is defined as a
single lymph node or group of nodes that receives afferent lymphatic drainage from the
same region of the body whereas the regional lymph node refers to the node that
receives primary lymph drainage from an organ or body region and can be used
interchangeably (Bezuidenhout 2013).
2.1.2 The role of the lymphatic system in tumour metastasis
Metastasis is the process in which neoplastic cells disseminate from a primary
site to secondary or tertiary sites where they then form a macroscopic mass (Argyle et
al. 2020). This process involves a series of complex steps that allows for a neoplastic
cell to dissociate from a primary tumour, enter the vascular or lymphatic circulation,
resist apoptosis, evade the immune system, and, lastly, survive and thrive in a foreign
microenvironment at the new site (Argyle et al. 2020). The primary tumour modulates
the microenvironment of the distant site prior to the arrival of metastatic cells creating a
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premetastatic niche (Farnsworth et al. 2018, Argyle et al. 2020). This is achieved
through the recruitment of bone-marrow derived myeloid cells that express tumourinduced growth factors, mainly vascular endothelial growth factor (VEGF), which allow
for metastatic cells to proliferate in the new environment (Karaman and Detmar 2014,
Argyle et al. 2020).
The role of the lymphatic system in tumour invasion and locoregional and distant
metastasis has been well-studied; however, its exact mechanisms remain unclear. For
many solitary tumours, such as epithelial tumours and melanoma, a sequential model of
lymphogenous metastasis has been demonstrated with initial spread of metastatic
neoplastic cells to regional lymph nodes then to distant organ sites either directly or via
the thoracic duct (Farnsworth et al. 2018). Two main mechanisms have been described
that promote and enhance lymphogenous metastasis by increasing the accessibility of
tumour cells to the lymphatic vasculature: lymphangiogenesis and lymphatic
remodelling (Stacker et al. 2014, Farnsworth et al. 2018).
Lymphangiogenesis is the process in which new lymphatic vessels are formed
from pre-existing lymphatic vessels (Stacker et al. 2014). Lymphangiogenic growth
factors, primarily VEGF-C and VEGF-D, are expressed by lymphatic endothelial cells
and tumour cells, and act on smaller lymphatic vessels that surround a primary tumour
(Stacker et al. 2014, Farnsworth et al. 2018). Complex signaling pathways are induced
and result in the proliferation and sprouting of lymphatic endothelial cells resulting in the
formation of lymphatic vessels (Witte et al. 2006, Ran et al. 2010, Stacker et al. 2014,
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Padera et al. 2016, Farnsworth et al. 2018, Ma et al. 2018). These tumour-induced
lymphatic vessels anastomose with existing lymphatic vessels that then drain into
regional lymph nodes. The increased density of local lymphatic vessels may be more
amenable to tumour cell invasion andalter the pattern of lymphatic drainage (Ran et al.
2010). Proliferation of lymphatic endothelial cells, mediated by VEGF, facilitates
enlargement of collecting lymphatic tracts (Karaman and Detmar 2014, Stacker et al.
2014). Remodelling of lymphatics through the dilation of lymphatic vessels increases
the rate of lymphatic flow, thereby, enhancing the delivery of tumour cells to regional
lymph nodes (Karaman and Detmar 2014, Stacker et al., 2014, Farnsworth et al. 2018).
Chemokine-dependent mechanisms have also been implicated in lymphogenous
metastasis. In non-neoplastic tissue, lymphatic endothelial cells express cell-surface
chemokine ligands that interact with their respective chemokine receptor on antigenpresenting cells, which permits their transit into the lymphatic system (Karaman and
Detmar 2014, Stacker et al. 2014). Tumour cells have been shown to express similar
chemokine receptors, facilitating their intravasation into lymphatic vessels and
subsequent metastasis (Karaman and Detmar 2014. Stacker et al. 2014, Farnsworth et
al. 2018). Certain chemokine receptors have also been identified to be involved with
regulating entry of tumour cells into lymph nodes (Stacker et al. 2014). Furthermore,
tumour-induced lymphangiogenic growth factors modulate lymphatic vessels within
lymph nodes creating a premetastatic niche that supports the survival and proliferation
of tumour cells (Stacker et al. 2014, Farnsworth et al. 2018).
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Collateral lymphatic tracts are present amongst the lymphatic vasculature and
become evident in the presence of lymphatic obstruction (Kwon et al. 2014). As tumour
density within lymphatic vessels and lymph nodes increases, there is increasing
resistance to lymphatic flow. As a result, lymph flow can become redirected through
collateral lymphatic vessels and alter the pattern of lymph node metastasis (Padera et
al. 2016). In an experimental mouse model, rerouting of lymphatic drainage from the
pelvic limb to the inguinal lymph node was observed following removal of the popliteal
lymph node (Kwon et al. 2014). When mice were inoculated with melanoma, metastasis
was noted to follow this newly developed pathway of collateral lymphatic drainage,
demonstrating that nodal metastasis can change the pattern of lymphatic drainage
(Kwon et al. 2014).
An increased knowledge of the function and anatomy of the lymphatic system
and the cellular and molecular mechanisms involved with tumour metastasis may
provide vital information in understanding the process of tumour biology. In human
medicine, the identification of lymphangiogenic growth factors and presence of
lymphangiogenesis may be early markers of metastatic disease even before metastasis
to the lymph node occurs (Stacker et al. 2014). The role of lymph node metastasis is
well-recognized as a significant prognostic indicator for certain solitary tumour types in
both human and veterinary medicine (Chang et al. 2005, Dunne et al. 2006, Kim et al.
2006, Murphy et al. 2006, Worley 2012, Tuohy et al. 2014). The ability to accurately
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determine and localize the primary draining lymph node becomes important in
predicting patient prognosis.
2.1.3 Lymph node metastasis and survival
Lymph node metastasis is a negative prognostic indicator and correlates with
poor survival outcomes in many solitary cancers in both human and veterinary
medicine. In humans with squamous cell carcinoma of the head and neck, lymph node
metastasis is a well-established negative prognostic factor (Layland et al. 2005, Dunne
et al. 2006). The 5-year survival in patients without lymph node metastasis was 67.9%
which was significantly higher compared to 39.9% in patients with lymph node
metastasis (Layland et al. 2005). Other lymph node factors, such as presence of
contralateral metastasis and perinodal lymph node metastasis, was also associated with
decreased survival times. In one study, contralateral lymph node metastasis resulted in
a significantly decreased 5-year survival rate at 41.2% compared to 70% for lymph node
negative patients (Capote-Moreno et al. 2010). A meta-analysis of perinodal spread
demonstrated a 5-year survival rate of 58.1% in patients that did not have perinodal
spread compared to 30.7% in patients with perinodal spread (Dunne et al. 2006). Occult
metastasis, defined as the presence of metastatic disease in clinically normal lymph
nodes, was identified in 20-30% of cases (Byers et al. 1995). This led to the
recommendations to perform elective node dissection in patients with clinically negative
nodes (Shah 1990). Studies evaluating the clinical impact on elective node dissection
found a higher rate of survival and reduced risk of tumour-related deaths in patients that
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underwent elective node dissection compared to those that did not (Fasunla et al. 2011,
D’Cruz et al. 2015).
In veterinary medicine, lymph node metastasis has been demonstrated to be a
negative prognostic indicator for dogs with oral malignant melanoma, oral squamous
cell carcinoma, and mast cell tumours (Murphy et al. 2006, Bergman 2007, Fulton et al.
2013, Tuohy et al. 2014). Locoregional metastasis for oral malignant melanoma is
variable with metastatic rates reported between 11.4-69% (Tuohy et al. 2014, Skinner et
al. 2016) while locoregional metastasis was reported to be 0-22.5% for oral squamous
cell carcinoma (Fulton et al. 2013, Skinner et al. 2016). In a recent study evaluating
mandibular and medial retropharyngeal lymph node metastasis for canine oral
squamous cell carcinoma and malignant melanoma, the metastatic rate was found to be
29% and 37%, respectively (Grimes et al. 2019). The median survival times decreased
in dogs with non-tonsillar squamous cell carcinoma with increasing clinical stage;
however, statistical significance was not achieved (Fulton et al. 2013). For dogs with
oral malignant melanoma, the presence of lymph node metastasis also resulted in a
decreased progression-free interval (187 days) and median survival time (131 days)
compared to patients with no metastasis (progression-free interval 567 days and
median survival time 818 days) (Tuohy et al. 2014). The rate of metastatic disease for
cutaneous mast cell tumours varies with histologic grade (Stefanello et al. 2015). In one
study, the median survival time for dogs with lymph node metastasis was 431 days
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compared to dogs without metastatic disease in which survival time was not reached
(Murphy et al. 2006).
Results of these studies indicate that lymph node status can have clinical
implications on patient prognosis and treatment, and emphasizes the importance of
accurate locoregional staging for these tumour types.

2.2 Regional Lymph Nodes of Oral and Maxillofacial Neoplasms
2.2.1 Lymphocentres of the head and neck
The regional anatomy of the lymphatic system of the head and neck in dogs has
been previously described and mainly consists of the parotid, mandibular, and medial
retropharyngeal lymphocentrums (Figure 2.2) (Bezuidenhout 2013). Additional minor
lymphocentrums may include the superficial cervical and deep cervical lymph nodes,
and the buccal lymph node. The parotid lymph nodes are located rostral to the base of
the ear and deep to the rostrodorsal border of the parotid salivary gland. There can be
up to 3 lymph nodes present within this lymphocentrum and are only palpably detected
when enlarged. The parotid lymphocentrum receives lymphatic drainage from the
muscles of the head, eyelids, ear, temporomandibular joint, mandible, and parotid
salivary gland.
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Figure 2.2 Lymphocentres of the canine head and neck with their associated lymphatic drainage
pathways (arrows) and lymphatic territories (lymphosomes).1, facial/buccal lymph node; 2,
mandibular lymph nodes; 3, parotid lymph node; 4, medial retropharyngeal lymph node; 5,
superficial cervical lymph node; Blue, submandibular lymphosome; Yellow, parotid lymphosome;
Green, dorsal superficial cervical lymphosome

The mandibular lymph nodes are located dorsal and ventral to the linguofacial
vein, just cranial to the jugular bifurcation and typically contain 2-3 nodes. The grouping
of nodes may differ between sides in the same patient and drainage may only occur to a
subset of the nodes within the lymphocentre. The mandibular lymphocentrum receives
lymphatic drainage from all aspects of the head, as well as the palate, tongue, oral
cavity, and pharynx. Efferent lymphatic vessels have been found to cross midline and
drain into contralateral lymph nodes (Grimes et al. 2017). Additionally, these vessels
drain to the ipsilateral medial retropharyngeal lymph nodes
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The medial retropharyngeal lymph node is the largest node in the head and lies
ventral to the wing of the atlas. It lies within a triangle bordered by the digastricus
muscle cranially, the longus colli muscle dorsally, and the pharynx and larynx
ventromedially. The medial retropharyngeal lymphocentre receives afferent lymphatic
drainage from all deep structures of the head, as well as the tongue, oral, nasal, and
pharyngeal passages, salivary glands, larynx, esophagus, and regions of the neck. This
lymphocentre also receives drainage from the parotid and mandibular lymph nodes. As
a result, the medial retropharyngeal lymph node is considered the primary lymphatic
collecting centre of the head (Belz and Heath 1995, Green and Boston 2015). The
medial retropharyngeal lymph node is not easily accessible and cannot be externally
palpated.
The superficial cervical lymphocentrum typically consists of two lymph nodes and
these nodes are located within the subcutaneous tissues cranial to the supraspinatus
muscle and lateral to the serratus ventralis and scalenus muscles. This centre receives
lymphatic drainage from the caudal aspect of the head including the pharyngeal region,
pinna, lateral neck, and thoracic limb. The deep cervical lymphocentrum consists of
cranial, middle, and caudal deep cervical lymph nodes, which are located within various
regions along the cervical trachea. Only a small proportion of dogs have deep cervical
lymph nodes. The cranial deep cervical lymph nodes are present in ~30% of dogs and
are located between the medial retropharyngeal lymph node and thyroid gland. The
middle and caudal deep cervical lymph nodes are present in 6% and 26% of dogs,
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respectively, and are typically unilateral. The deep cervical lymphocentrum receives
drainage from the larynx, thyroid gland, trachea, esophagus, and caudal cervical
vertebrae. In addition, the caudally located lymph nodes receives afferent lymphatic
drainage downstream from the cranially located node, for example, lymph from the
medial retropharyngeal lymph node can drain into the cranial deep cervical lymph node
(Bezuidenhout 2013).
A facial lymph node, recently termed buccal lymph node, has been identified in a
minority of dogs and may have clinical significance in head and neck cancer when
present (Belz and Heath 1995, Casteleyn et al. 2008). In a population of 151 dogs of
various breeds, age, and sex, 9% of dogs had the presence of unilateral or bilateral
buccal lymph nodes (Casteleyn et al. 2008). In another study of 24 dogs, approximately
17% of dogs had buccal lymph nodes identified bilaterally (Belz and Heath 1995). This
node may be more prevalent in large breed dogs compared to small breed dogs
(Casteleyn et al. 2008). The buccal lymph node can be found dorsal to the zygomatic
muscle and rostral to the masseter muscle with varying positions relative to the superior
labial vein as it converges into the facial vein (Casteleyn et al. 2008). The buccal lymph
node receives lymphatic drainage from the nose, upper lip, and buccal regions, which
then empty into the mandibular lymph nodes.
Lymphatic drainage patterns of the head have been demonstrated to be complex
and variable between individuals of the same species. Suami et al. (2013) created a
comprehensive topography of the canine lymphatic system and found that it could be
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divided into 10 lymphatic territories (lymphosomes). These lymphosomes consists of
submandibular, parotid, dorsal superficial cervical, axillary, medial iliac, lateral sacral,
hypogastric, popliteal, superficial inguinal, and ventral superficial cervical regions
(Suami et al. 2013). The authors found that lymphatic vessels coursed throughout the
head in two different layers located above and below the facial muscles. Furthermore,
superficial lymphatic vessels were found to overlap each other in this region. Lymph
flow can be transported to ipsilateral and contralateral lymphocentrums, involve one or
more lymphocentrums, and bypass lymphocentrums (Herring et al. 2002, Skinner et al.
2016, Grimes et al. 2017). Studies have demonstrated 12-62% of cases with lateralized
oral lesions had involvement of the contralateral lymph node (Skinner et al. 2016,
Grimes et al. 2017).
2.2.2

Patterns of lymph node metastasis
In previous studies, the overall regional lymph node metastatic rate for dogs with

oral and maxillofacial neoplasms was reportedly 35.5-45% (Herring et al. 2002, Skinner
et al. 2016). A recent large retrospective study reported a lower incidence of 14% for
regional metastatic disease (Odenweller et al. 2019). However, only ipsilateral lymph
nodes were evaluated in that study compared to bilateral regional lymph node
assessment in the previous studies, thus, this finding may be underestimated. The
incidence of metastatic disease to the mandibular lymph nodes only was reported in
21.4-72.7% of cases while metastasis to both the medial retropharyngeal nodes and
mandibular lymph nodes was reported in 18.2-78.5% (Herring et al. 2002, Skinner et al.

25

2016, Grimes et al. 2019, Odenweller et al. 2019). In two of the studies, medial
retropharyngeal metastasis alone was identified in 27.2% of cases (Herring et al. 2002,
Odenweller et al. 2019), whereas a more recent study identified medial retropharyngeal
metastasis in 18.7% of cases (Grimes et al. 2019). A metastatic parotid lymph node
alone was identified in only 9-18% of cases (Herring et al. 2002, Odenweller et al.
2019). Metastasis to all three lymphocentrums was identified in 9.1-18.2% (Herring et
al. 2002, Odenweller et al. 2019). The true incidence of parotid node metastasis
remains unknown as some studies do not include evaluation of the parotid lymph node
(Skinner et al. 2016, Wan et al. 2021).
Oral and maxillofacial neoplasms can disseminate to ipsilateral, contralateral, or
both lymphocentrums. In one study of 31 dogs with various head and neck cancers,
lymph node metastasis was identified ipsilateral to the lesion in 92% of cases and
contralateral to the lesion in 62% of cases (Skinner et al. 2016). In the same study, 4
dogs diagnosed with oral malignant melanoma exhibited metastasis to all four
lymphocentrums (bilateral mandibular and medial retropharyngeal nodes). In humans,
squamous cell carcinoma is the most common malignant neoplasm of the oral and
oropharyngeal cavity and a similar pattern of metastasis to regional cervical lymph
nodes has been described. The rate of contralateral lymph node metastasis is variable
with recent studies reporting between 9-18.8% (Capote-Moreno et al. 2010, Donaduzzi
et al. 2014). Prognostic factors that were found to be predictive of contralateral
metastasis included the presence of ipsilateral lymph node metastasis and tumour
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extension across midline with tumours on the base of the tongue and floor of the mouth
observed to have a higher incidence of contralateral metastases (Capote-Moreno et al.
2010).
Lymph node metastasis typically disseminates in an orderly progression with
first-tiered nodes receiving direct drainage from the primary tumour, then proceeding to
subsequent higher tiered nodes. However, there have been cases in which “skip
metastasis” occurs whereby metastasis bypasses the primary nodes and spreads
directly to the higher-tiered nodes (Byers et al. 1997). In one study of people with
squamous cell carcinoma of the tongue, the rate of skip metastasis to 3rd- and/or 4thtiered cervical nodes was 15%. Another study found that the overall rate of skip
metastasis for oral and oropharyngeal tumours was much lower at 6% (Lodder et al.
2008). There have been no factors identified for predicting the occurrence of skip
metastasis (Byers et al. 1997). The clinical recommendations for cervical node
management for the low incidence of skip metastasis remains inconclusive and the
decision to remove higher-tiered nodes may be on an individual case basis (Lodder et
al. 2008). To the author’s knowledge, the rate of skip metastasis has not been
investigated in veterinary medicine.

2.3 Locoregional Staging of Oral and Maxillofacial Neoplasms
Regional lymph node staging typically relies on palpation of an enlarged lymph
node before sampling is recommended; however, physical examination has shown to
be an inaccurate and unreliable method for detecting lymph node metastasis (Herring et
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al. 2002, Langenbach et al. 2001, Brissot & Edery 2016). The presence of firm and
enlarged lymph nodes may be suggestive of lymph node metastasis; however, could
also represent reactive or inflammatory processes. A retrospective study evaluating the
association between lymph node size and metastasis in dogs with oral malignant
melanoma found that 40% of dogs with clinically normal lymph nodes were positive for
metastatic disease (Williams & Packer 2003). In another study of dogs and cats with
various solitary tumours, 22% of cases that had palpably normal or mildly enlarged
nodes had evidence of metastasis, while 53% of lymph nodes assessed as moderately
to severely enlarged had metastatic disease (Langenbach et al. 2001). The sensitivity
and specificity of lymph node palpation of normal to mildly enlarged nodes for detecting
nodal metastasis in this study was 60% and 72%, respectively.
The mandibular lymph nodes, particularly the ventral nodes, are more
superficially located compared to the medial retropharyngeal and parotid lymph nodes.
They are more easily palpable and accessible, thus, are routinely evaluated for
locoregional staging for malignant neoplasms of the head. In one study, mandibular
nodes that were assessed as palpably enlarged had evidence of metastasis in 2/11
nodes (Herring et al. 2002). However, the ability to identify specific mandibular lymph
nodes within the lymphocentrum on the basis of palpation alone was poor (Bae et al.
2021). The ipsilateral mandibular lymph node may not always receive primary lymphatic
drainage as demonstrated in a canine study of various head and neck cancers by
Skinner et al. (2016). In dogs with lateralized tumours and lymph node metastasis, 62%
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showed dissemination to the contralateral lymph nodes. The medial retropharyngeal
lymph node was the main site of regional metastasis in 11/14 dogs. In addition, one dog
with a midline lesion had metastasis to the right mandibular lymph node and the medial
retropharyngeal lymph nodes bilaterally (Skinner 2016). These studies indicate that
patients without palpably enlarged regional lymph nodes can harbor metastatic disease
and that sampling of only the presumed anatomic regional lymph node may result in
false-negative results and missed disease, which support the need for more accurate
lymph node staging and identification techniques.
Fine needle aspiration and cytologic assessment of the regional lymph nodes is
widely utilized as a diagnostic modality for lymphatic staging. This technique is rapid
and minimally invasive and is a more reliable method than palpation alone for providing
useful information regarding nodal metastatic status (Langenbach et al. 2001, Ku et al.
2017). In one study, the sensitivity and specificity for lymph node cytology for various
head and neck cancers was 100% and 96%, respectively (Langenbach et al. 2001).
Conversely, in two large retrospective studies, the sensitivity and specificity of lymph
node cytology for detecting metastasis from various malignancies was 64.3-81% and
89.6-91%, respectively (Ku et al. 2017, Fournier et al. 2018). It was suggested that the
discrepancy in these results may be due to differences in study design and
methodology. The sensitivity and specificity of cytologic lymph node assessment may
also vary depending on the primary tumour type. Fournier et al. (2018) reported
sensitivities of 67%, 100%, 63%, and 75% for sarcomas, carcinomas, malignant
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melanoma, and mast cell tumours, respectively. The specificities of these tumour types
ranged between 83-95%.
One of the main limitations of cytology is that a small number of cells are
obtained for evaluation, which may result in poorly cellular or nondiagnostic samples.
This risk may be increased in lymph nodes that are not palpably enlarged or easily
accessible. The prevalence of nondiagnostic fine needle lymph nodes aspirates was
reported to be 25% in lymph nodes that were palpably normal or difficult to access
(Fournier et al. 2018). For head and neck cancers, the deep cervical location of the
medial retropharyngeal lymph node requires ultrasound-guidance for fine needle
aspiration. In one study, the diagnostic yield following cytologic evaluation of the medial
retropharyngeal lymph node in dogs was low (47.5%) (Kim et al. 2019). Furthermore, a
higher proportion of false-negative results was identified for metastatic sarcoma (57%),
metastatic mast cell tumour (31%), and melanoma (11%) (Ku et al. 2017). False
negative results for sarcomas could be associated with poor cellular exfoliation of
mesenchymal tumours and a lack of standardized cytologic criteria for diagnosing
metastatic mast cells and melanomas was suggested to lead to inconsistent results.
Similarly, cytologic evaluation of regional lymph nodes for dogs with cutaneous or
subcutaneous mast cell tumours resulted in a high proportion of nondiagnostic samples
(68%) (Lapsley et al. 2021).
Histopathologic examination is considered the gold standard technique for the
assessment of lymph nodes to obtain accurate clinical staging. Excisional biopsy is the
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preferred method for determining nodal metastatic status (Herring et al. 2002). The
concordance of histopathology and cytology for detecting metastatic disease was high
(κ = 0.73) in one study (Fournier et al. 2018) and an overall agreement of 76.5% was
identified in another study (Ku et al. 2017). Despite these findings and the potential
propensity for false-negative results, histopathology remains the recommended modality
for lymph node assessment, particularly for cases in which cytology yields
nondiagnostic or negative results (Fournier et al. 2018). Immunohistochemistry has
been shown to improve the accuracy of histopathology in detecting early metastatic
disease within lymph nodes. Specialized staining for specific biomarkers has been
found to identify micrometastasis (defined as tumour cells between 0.2-2mm in
diameter) and isolated tumour cells (defined as small clusters of tumour cells no greater
than 0.2mm in diameter) compared to standard hematoxylin-eosin (HE) staining (Chone
et al. 2013, de Araujo et al. 2015, Casey et al. 2016). The sensitivity and negative
predictive value (NPV) of IHC for detecting lymph node metastasis in people with oral
squamous cell carcinoma was 92% and 98%, respectively, compared to 77% and 94%
for HE (Chone et al. 2013). In this study, IHC identified micrometastasis in 18% of
lymph nodes that were deemed negative by HE stains. This led to a decrease in false
negative rate from 4.8% to 1.6%; however, this finding was not significant. Similarly, in
the management of breast cancer, IHC detected occult lymph node metastases in 20%
of patients previously negative on HE (Cote et al. 1999). Only a few studies have
investigated the utility of IHC for detecting occult lymph node metastasis in veterinary
medicine. Canine studies of various carcinomas, including mammary tumours, revealed
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that IHC identified 9.2-20% of early nodal metastasis in patients previously negative on
HE stains (Matos et al. 2006, Casey et al. 2016).
The prognostic significance for the detection of early lymph node metastasis
remains unclear and there is conflicting data on its impact towards disease-free survival
and overall survival in both human and veterinary medicine. Many studies on human
breast carcinoma conclude that occult metastasis has no prognostic significance, thus,
adjuvant therapy is not warranted in these patients (Weaver et al. 2011, Liikanen et al.
2018). In contrast, Cote et al. (1999), reported that patients with occult metastasis had
significantly worse survival and increased risk of recurrence compared to patients with
negative nodes. Similar contradictory results were reported in two canine studies of
mammary carcinoma; however, these studies were retrospective in nature and overall
data is lacking. Szczubial and Lopuszynski (2011) found no significant differences in
disease-free survival and overall survival between dogs with mammary carcinoma
without lymph node metastasis compared to dogs with lymph node micrometastasis.
However, in a more recent study, dogs with isolated nodal tumour cells had lower
survival times compared to dogs without nodal metastasis (de Araujo et al. 2020).
Interestingly, dogs with micrometastasis did not have a worse prognosis compared to
dogs with isolated tumour cells. The authors postulated that this difference could be due
to dogs with isolated tumour cells having more histologically aggressive primary tumour
types. Discrepancies in these reported findings could be due to the lack of
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standardization of histopathologic protocols and preparation of specimens, histologic
criteria for defining metastatic disease, and tumour type.
A major limitation of IHC is the time and expense required to perform this
procedure, which is typically not feasible in a clinical setting as large numbers of lymph
nodes are submitted for pathologic review. Based on conflicting data of the impact of
early metastatic disease on patient outcome, the clinical significance is not completely
understood. As a result, IHC is not routinely performed for lymph node assessment;
however, with the increased utility of sentinel lymph node biopsy (discussed later), this
may become more commonly requested.
2.3.1 Cervical lymphadenectomy
Cervical lymph node extirpation has previously been described using a unilateral
approach (Smith 2002). Briefly, the patient is placed in lateral recumbency with the
affected side up. An incision is made rostral to the vertical ear canal to the bifurcation of
the external jugular vein. This approach allows access to the ipsilateral mandibular,
medial retropharyngeal, and parotid lymph nodes. A modification to this technique has
also been described excluding the parotid lymph node (Wainberg et al. 2018). The
patient is placed in dorsal recumbency with a rolled towel under the neck to maintain the
neck in extension. An incision is made just cranial to the mandibular salivary gland and
extended in a craniolateral to caudomedial direction. With this approach, the ipsilateral
mandibular and medial retropharyngeal lymph nodes are easily accessible for removal.
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A recent description for bilateral cervical node extirpation was published using a
single ventral midline approach (Green & Boston 2015). The patient is positioned in
dorsal recumbency with the neck extended. A ventral midline incision is performed from
the caudal third of the mandible and extends to the level of the larynx. The mandibular
lymph node can be palpated at the caudal extent of the horizontal ramus and removed.
The medial retropharyngeal lymph node can then be located caudomedial to the
mandibular salivary gland and removed. Additional anatomic landmarks that can be
used to locate the medial retropharyngeal lymph node include the ventral wing of the
atlas, caudal to the hyoid arch, caudomedial to the bifurcation of the linguofacial vein,
and lateral to the cricoid cartilage (Wainberg et al. 2018). The procedure can then be
performed on the contralateral side. This approach was found to be more feasible and
efficient for bilateral cervical lymphadenectomy. The most common postoperative
complication that was observed was self-resolving seroma formation due to the creation
of subcutaneous dead space and disruption of lymphatic drainage.
The unilateral approach is not commonly reported in recent literature, likely due
to its potential disadvantages associated with the technique. Current literature in both
human and veterinary medicine recommend extirpation of the cervical lymph nodes
bilaterally for appropriate staging of oral and maxillofacial tumours (Fasunla et al. 2011,
D’Cruz et al. 2015, Skinner et al. 2016, Odenweller et al. 2019). With the unilateral
approach, only the ipsilateral cervical nodes are sampled requiring two separate
lateralized incisions to allow access to the contralateral nodes. This may increase
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patient morbidity and may not be clinically feasible. In a cadaveric comparative study
between the unilateral and bilateral approaches, the ventral cervical approach was
perceived to be superior in visualization and identification of anatomic structures
(Wainberg et al. 2018). The ventral cervical approach was also found to have better
access for medial retropharyngeal lymphadenectomy and did not result in excessive
soft tissue dissection or associated injury to adjacent structures.
The parotid lymph nodes drain the caudodorsal head with considerable overlap
with the mandibular lymphocentrum. Both lymphocentrums continue to drain to the
medial retropharyngeal lymph node. The surgical approach described by Smith (2002)
allows access to all three lymphocentrums of the head; however, only a small proportion
of cases have reported metastasis to the parotid lymph nodes (Herring et al. 2002).
Based on these findings, the parotid lymph nodes are not considered a major site for
metastasis and, therefore, are not routinely excised for staging purposes (Green and
Boston 2015, Wainberg et al. 2018).
Regional lymphadenectomy in humans has been associated with potential
postoperative complications that impact quality of life. In people undergoing elective
neck dissection for head and neck cancers, reduced shoulder and neck mobility,
shoulder and neck pain, and decreased quality of life have been reported as potential
postoperative complications (van Wilgen et al. 2004). In veterinary medicine, the most
common complication following cervical lymphadenectomy observed was seroma
formation, and less likely, infection, facial swelling, lymphedema, dehiscence,
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hemorrhage, and muzzle edema (Conguista et al. 2020). There is no consensus on the
recommendations for cervical lymph node extirpation for dogs with oral/maxillofacial
neoplasms and clinically negative nodes (small/normal nodes on palpation and/or
cytologically negative). Bilateral lymphadenectomy was found to be performed more
frequently in cases with oral malignant melanoma, high grade oral squamous cell
carcinoma, increased tumour size, and oral mast cell tumour (Conguista et al. 2020).
Given the complex nature of lymphatic pathways and propensity for drainage to the
mandibular and medial retropharyngeal lymph nodes, most authors advocate for
bilateral extirpation of these lymphocentrums for staging evaluation (Green and Boston
2015, Wainberg et al. 2018).

2.4 Sentinel Lymph Node Concept
The first lymph node that receives lymphatic flow from the primary tumour is
known as the sentinel lymph node(s) (SLN), thus, it should have the highest likelihood
of metastasis detection if lymphatic metastasis has occurred. In clinically node negative
patients, the SLN can harbour metastasis that may impact patient prognosis and
treatment decisions (Broglie et al. 2013). The SLN has been shown to be predictive of
metastatic involvement within the locoregional lymphatic basin. Tumour cells have been
described to migrate through the nodes in an orderly fashion seeding the SLN first
before disseminating to second and third-tier nodes (Veronesi et al. 1999, Leong 2004).
If a SLN is negative for metastatic disease, then it can be assumed that there has been
no further spread to the remaining lymph nodes within that lymphatic basin. A positive
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SLN may indicate systemic spread of disease and decrease patient prognosis,
prompting recommendations for additional treatment, such as surgery, chemotherapy or
radiation (Kim et al. 2006, Goyal et al. 2008, Tuohy et al. 2009). In one prospective
study of breast cancer patients, the status of the SLN was found to be concordant with
the remaining axillary nodes resulting in an overall accuracy of 96.8% (Veronesi et al.
1999). A negative predictive value of 94.1% and positive predictive value of 100% were
reported. In patients with a positive SLN, the SLN was the only positive node in 43.5%
of these patients (Veronesi et al. 1999). In another study of breast cancer patients, the
SLN was 95% accurate in predicting axillary lymph node status (Canavese et al. 1998).
In a small clinical trial of 62 patients with breast cancer, 32% of patients were positive
for metastatic disease identified by the SLN. Of this group, 67% had metastasis to only
the SLN (Albertini et al. 1996). Similarly, in patients with oral squamous cell carcinoma,
a positive SLN was identified in 15% of patients and 14% of patients had additional
lymph node metastases identified (Broglie et al. 2013). These studies provide strong
evidence supporting the SLN as an early indicator of locoregional metastasis, which can
be used to accurately predict patient outcome.
Detecting a positive SLN can cause upstaging of a clinically node negative
patient who may have been falsely diagnosed as negative for metastasis if only
preoperative palpation or cytologic nodal assessment was performed. For people with
oral squamous cell carcinoma, the SLN resulted in an upstaging rate of 38%, which led
these patients to receive additional nodal dissection for local tumour control (Broglie et
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al. 2013). Furthermore, patients that were SLN-negative had improved overall survival
and disease-free survival (98%) and lower recurrence rates (4%) compared to patients
that were SLN-positive (71%, 73%, and 22%, respectively) (Broglie et al. 2013). In
breast cancer patients, the SLN has resulted in upstaging in approximately 10-20% of
breast cancer patients (Goyal et al. 2008).
The SLN can be challenging to identify because the anatomically closest regional
lymph node may not represent the primary draining node. In dogs with cutaneous and
subcutaneous mast cell tumours, the SLN did not correspond with the presumed
regional lymph node in 63% of cases (Ferrari et al. 2020). In this study, 2 dogs with the
ipsilateral popliteal lymph node and 3 dogs with the axillary lymph node as the
presumed draining regional nodes had SLNs identified as the inguinal and prescapular
lymph nodes, respectively (Ferrari et al. 2020). This finding is consistent with a previous
study in which 44.4% dogs had SLNs that differed from the regional lymph node
(Worley 2012). In addition, certain lymphocentrums may contain multiple lymph nodes
that may not all be sentinel and/or there may be multiple SLNs present. Rossi et al.
(2018) evaluated lymph node staging in dogs with malignant neoplasms of various sites
and found that 26.7% of dogs had multiple draining SLNs and 22.3% of dogs had a SLN
that was not the regional lymph node. Similarly, in a recent study evaluating various
canine oral and maxillofacial malignancies, multiple SLNs were identified in 61.5% 92.8% depending on the imaging modality utilized (Wan et al. 2021). Specific
mandibular lymph nodes within the ipsilateral and/or contralateral lymphocentrum have
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also been identified as sentinel, which places further emphasis on the importance of
accurate lymph node staging (Randall et al. 2020, Wan et al. 2021).
2.4.1 Sentinel lymph node biopsy
Sentinel lymph node biopsy has become standard practice at many institutions
for locoregional staging of clinically node negative breast cancer patients. This is a less
invasive surgical procedure that has largely replaced extensive regional lymph node
dissection, in particular, axillary node dissection for breast carcinoma (Krag et al. 2010,
Canavese et al. 2016, Veronesi et al. 2010, Zavagno et al. 2008). Previously, the
standard approach to managing breast carcinoma or head and neck cancers was to
perform extensive regional lymphadenectomies and remove all lymph nodes from the
regional lymphocentrum (Leong 2004, Galimberti et al. 2018). Histopathologic
evaluation of the excised nodes found that the incidence of metastasis was 30-40% and
20-30%, for breast carcinoma and oral squamous cell carcinoma, respectively (Leong
2004, den Toom et al. 2020). This low rate of regional metastasis led investigators to
recognize that most patients may not require extensive regional nodal dissection, thus,
many patients were over-treated for their disease and experience unnecessary
morbidity (Galimberti et al. 2018).
Studies in breast cancer patients found that there were minimal differences in
disease-free interval and overall survival in patients that underwent SLN biopsy
compared to complete axillary lymph node dissection (ALND) (Krag et al. 2010,
Veronesi et al. 2010, Canvanese et al. 2016, Galimberti et al. 2018). Krag et al. (2010)
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designed a multicentre randomized clinical trial (NSABP B-32 trial) to compare longterm survival and disease-free survival between SLN biopsy and ALND in breast cancer
patients. Patients were randomly assigned to receive SLN biopsy + ALND or SLN
biopsy alone with axillary node dissection performed if the SLN was positive. Findings
from this study showed that the 5-year survival rate (96.4% and 95.0%, respectively)
and disease-free survival rates (91.8% and 90.3%, respectively) between these two
groups did not have any significant difference. Canavese et al. (2016) reported a 15year follow up from a single-centre randomized clinical trial and found that the overall
survival (82.0% and 78.8%, respectively) and event-free survival (72.8% and 72.9%,
respectively) between the two groups were not significantly different. In a randomized
clinical trial conducted by Veronesi et al. (2010), 10-year event-free survival between
the two groups was noted to be 88.8% and 89.9%, respectively. In addition, the
recurrence rate in these trials following SLN biopsy alone was very low (0-2.4%), which
was equivalent to that of complete ALND (van der Ploeg et al. 2008, Krag et al. 2010,
Veronesi et al. 2010, Canavese et al. 2016). The results of these trials demonstrate that
SLN biopsy is as effective as ALND in accurately staging the axilla and achieving
locoregional control. Furthermore, Galimberti et al. (2018), performed a 10-year follow
up study on a randomized controlled clinical trial evaluating various survival outcomes in
breast cancer patients with sentinel node micrometastasis undergoing axillary
dissection or no axillary dissection. Although SLN micrometastasis, defined as ≤ 2mm
tumour cells, was present, the disease-free survival (74.9% and 76.8%), overall survival
(88.2% and 90.8%), or local recurrence rate (3% both groups) did not differ between the
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two groups. Findings from this study provide evidence that extensive regional node
dissection may not be required for patients with minimal disease within the SLN as longterm outcomes do not appear to be significantly affected.
Similar findings have been reported in humans with early stage oral squamous
cell carcinoma with clinically node negative cervical regions in which SLN biopsy could
be predictive of metastatic disease (Civantos et al. 2010, Yamauchi et al. 2013, Liu et
al. 2017, Kim et al. 2020). Civantos et al. (2010) conducted a multi-institutional
prospective study evaluating the predictability of a negative-SLN on the remainder of
the cervical lymph node basin in people with early stage oral squamous cell carcinoma.
Patients with stage T1 or T2 oral squamous cell carcinoma with clinically negative
nodes were included in the study and underwent SLN biopsy followed by complete neck
dissection to remove the remainder of the cervical lymph nodes. Out of 106 patients,
100 patients had a truly negative SLN based on routine hematoxylin and eosin staining,
which resulted in an overall negative predictive value of 96%. The negative predictive
value increased to 100% for T1 lesions. The overall false-negative rate was 9.8% in this
study, which is considered low. These findings were further validated in several metaanalysis systematic reviews (Yamauchi et al. 2013, Liu et al. 2017, Kim et al. 2020). The
overall sensitivity, specificity, and negative predictive values ranged between 82.7% 91%, 98.1%, and 94% - 95.2%, respectively. In two meta-analysis systematic reviews,
SLN biopsy resulted in a high diagnostic accuracy based on receiver operator curves
and area under the curve calculations of 0.98 (Liu et al. 2017, Kim et al. 2020).
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Sentinel lymph node biopsy has also led to a lower incidence of postoperative
complications. Mansel et al. (2006) evaluated quality of life outcomes in breast cancer
patients undergoing SLN biopsy compared to patients who received axillary dissection
in a multicenter randomized clinical trial (ALMANAC trial). Based on validated
questionnaires and objective measurement outcomes, patients who underwent SLN
biopsy experienced less postoperative lymphedema, less arm numbness, and better
shoulder function compared to the complete axillary dissection group. The SLN biopsy
group also had shorter hospitalization stays, reduced infection rates, and more rapid
convalescence than the axillary group (Mansel et al. 2006). Similar findings were
reported by Ashikaga et al. (2010) based on results from the NSABP B-32 trial and in a
smaller prospective study evaluating postoperative morbidity conducted by Schrenk et
al. (2000). In patients undergoing elective neck dissection, shoulder dysfunction and
shoulder and neck pain have been reported (van Wilgen et al. 2004). When
postoperative outcomes in patients receiving SLN biopsy or elective neck dissection
were compared, there was better shoulder function and less shoulder impairment in
patients that had SLN biopsy (Murer et al. 2010). In addition, SLN biopsy resulted in a
shorter surgical scar and all postoperative complications occurred in the group that
received elective neck dissections.
In human medicine, there is strong evidence to support the technique of SLN
biopsy as a staging procedure for early stage breast carcinoma and oral squamous cell
carcinoma. The SLN sampling technique has demonstrated high diagnostic accuracy for
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predicting metastatic disease in the remainder of the lymphatic basin with low false
negative rates. As a result, SLN biopsy has been recommended for lymph node staging
in patients in the early stages of disease with clinically negative nodes instead of
complete regional node dissection (Fan et al. 2014, Lyman et al. 2014, Schilling et al.
2015). In veterinary medicine, the SLN concept is still relatively new and the role of SLN
biopsy is less defined (Tuohy et al. 2009, Beer et al. 2017). Indeed, there is a paucity of
information on diagnostic accuracy of SLN biopsy in veterinary oncology as compared
to human medicine and research into its clinical impact on long-term patient outcome is
lacking. However, given the likely similarities in the lymphatic system and tumour
biology between humans and companion animals, it is highly possible that results of
SLN biopsy investigations can be extrapolated to our small animal patients.

2.5 Sentinel Lymph Node Mapping Techniques
The concept of SLN mapping was first described by Cabanas studying penile
carcinoma using indirect lymphography to locate and identify the SLN (Cabanas 1977).
This technique involves the use of tracer agents, which enable identification of efferent
lymphatic tracts from the primary tumour to the SLN. Sentinel lymph node mapping has
been utilized for many solitary cancers, but by far has been the most extensively studied
in breast cancer patients (Balogh et al. 2002, Tuohy et al. 2009, Neibling et al. 2016).
The current standard for SLN mapping in breast cancer patients is a combined dual
tracer method using a radioisotope and blue dye, which has achieved high SLN
identification rates ranging between 95-98% (Lyman 2014, Niebling et al. 2016) and low
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false negative rates ranging between 0-5.9% (Hung et al. 2005, Pesek et al. 2012,
McMasters et al. 2000). The use of these agents alone has also been described (Krag
et al. 1993, Giuliano et al. 1994, Albertini et al. 1996, Veronesi et al. 1997, Kern 1999,
Veronesi et al. 1999, Nour 2004, Golshan & Nakhlis 2006, Zakaria et al. 2008,
Krikanova et al. 2010, Chintamani et al. 2011, Ang et al.2013, Brahma et al. 2017).
Intraoperative SLN mapping techniques can be combined with preoperative mapping
methods, such as, computed tomography lymphography (CTL) and
radiolymphoscintigraphy, which are complementary to intraoperative techniques. More
recently, near infrared fluorescence imaging (NIRF) has been evaluated for its utility in
SLN mapping with promising results. Each modality is associated with its own
advantages and disadvantages that will be discussed in more detail in this review.
This advancement in human oncology has led veterinary oncologists to reevaluate methods for staging cancers in veterinary patients. Currently, there is no
standardized method for accurate locoregional staging of lymph nodes in veterinary
medicine and there is a lack of understanding of lymphatic drainage patterns (Tuohy et
al. 2009, Skinner et al. 2016). Sentinel lymph node mapping is still a relatively new
concept in veterinary medicine. Only a few studies investigating the technical ease and
success of the various SLN mapping methods are available with preliminary results
showing comparable results to that of human breast cancer patients. The reported
advantages for targeted SLN excision in humans are likely to be translated to our
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veterinary patients. As such, clinical studies are required to further validate SLN
mapping for staging solitary cancers in veterinary oncology.
2.5.1 Blue dyes
Sentinel lymph node mapping with vital dyes is based on the direct intraoperative
visualization of efferent lymphatic tracts from the primary tumour to the SLNs and
provides guidance for the localization of SLNs. The most used dyes include isosulfan
blue and methylene blue. These dyes are commercially available, distributed world-wide
and are inexpensive. The dye is injected around the primary tumour and is picked up by
the draining lymphatic tracts and SLNs, which are stained blue and can be easily
identified within 5-15 minutes (Guilano et al. 1994). Blue dyes have a poor ability to
penetrate through tissues and soft tissue dissection is required to increase exposure for
identification (Canavese et al. 1998, Gioux et al. 2010, Ang et al. 2014).
Blue dyes were the first tracer agents to be utilized for SLN mapping as
described by Morton et al. in patients with early stage melanoma (Morton et al. 1992).
This technique yielded an acceptable SLN identification rate of 82% with a false
negative rate of 1% (Morton et al. 1992) and was soon adopted for use in breast cancer
patients. Many studies have since been published evaluating the feasibility of SLN
mapping using blue dyes in breast cancer patients yielding a wide range of SLN
identification rates between 65.5%-100% (Giuliano et al. 1994, Kern 1999, Nour 2004,
Golshan et al. 2006, Zakaria et al. 2008, Krikanova et al. 2010, Chintamani et al. 2011,
Ang et al. 2014, Brahma et al. 2017, Li et al. 2018). The increased disparity in reported
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identification rates has been attributed to differences in injection volume, injection
location, and surgeon experience (King et al. 2004, Zakaria et al. 2008). Furthermore, a
standardized protocol for SLN mapping does not exist and the materials and techniques
vary between institutions and surgeons (Niebling et al. 2016).
The use of dyes has been associated with a steady learning curve and has been
shown to affect the success of SLN mapping. Guilano et al (1994) observed an
improved SLN identification rate from 58.6% to 72.4% and a decrease in false negative
rates after 87 SLN mapping procedures. Nour (2004) utilized methylene blue dye and
showed improvement in SLN identification rate after 20 cases, increasing from 70% to
91.1%, while Krikanova et al (2010) found the rate of SLN identification increased after
100 cases and reached an acceptable level after 150 cases. -Injection location can also
affect the efficacy of SLN mapping. Local injection within the subareolar plexus was
found to improve the SLN identification rate compared to a peritumoral or
intraparenchymal injection (Kern et al. 1999, Degnim et al. 2005). Kern et al. reported a
98% SLN identification rate using the subareolar plexus injection (Kern et al. 1999).
With refinement of technique and increasing surgeon experience over the past 10
years, the SLN identification rate with blue dye alone has improved and currently range
between 91%-100% (Krikanova et al. 2010, Chintamani et al. 2011, Brahma et al. 2017,
Li et al. 2018).
Blue dyes have been associated with adverse effects in humans with a reported
incidence of 0.07-2.7% in a recent systematic review (Bezu et al. 2011).
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Hypersensitivity allergic reactions are more commonly reported, and the occurrence of
anaphylaxis is rare. In one retrospective study of 2392 breast cancer patients using
isosulfan blue for SLN mapping, 1.6% of patients developed an allergic reaction with
69% of these patients developing urticaria, blue hives, generalized rash, and pruritus
(Montgomery et al. 2002). Anaphylactic reactions occurred less commonly in this study
with an incidence of 0.5%. Similar findings were reported in a study of 1728 patients
undergoing SLN biopsy using isosulfan blue combined with a radioisotope, in which the
incidence of adverse reactions associated with isosulfan blue was 1.8% (King et al.
2004). Hypersensitivity reactions were also the most common occurring in 87.1% of
allergic cases. Anaphylaxis resulting in hypotension and requirement for a pressor was
rare and occurred in 0.1% of patients. In these studies, isosulfan blue was the dye of
choice; however, its use has been steadily decreasing with many institutions switching
to methylene blue (Golshan et al. 2006, Thevarajah et al. 2005, Simmons et al. 2003).
Methylene blue was initially used as an alternative to isosulfan blue for SLN mapping
due to a national shortage; however, has gained in popularity due to its association with
a decreased incidence of adverse reactions. In a review evaluating the incidence of
anaphylaxis associated with blue dye during SLN biopsy, no adverse reactions were
reported from 7 studies utilizing methylene blue (Bezu et al. 2011). However, in one
small retrospective study of 24 patients, 5 patients developed skin lesions mostly
consisting of superficial ulcerations (Stradling et al. 2002) and the incidence of local
inflammatory reactions consisting of focal erythema and induration of the injection site
was reported in 5% of patients in another study (Zakaria et al. 2008). Methylene blue
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has been shown to be as effective as isosulfan blue for SLN mapping in breast cancer
patients. In three small studies of 54, 112, and 141 breast cancer patients, methylene
blue identified SLNs in 91.1%, 96.4%, and 92.8% of cases, respectively (Simmons et al.
2003, Nour 2004, Golshan & Nahklis 2006). In two of these studies, no allergic or
anaphylactic reactions were reported (Simmons et al. 2003, Golshan & Nahklis 2006).
The third study did not report the occurrence of adverse reactions to methylene blue
(Nour 2004). Lastly, the cost of methylene blue is significantly lower than isosulfan blue
(Simmons et al. 2003, Nour 2004, Golshan & Nahklis 2006). The safe use,
effectiveness, and low cost of methylene blue can be used as an alternative to other
blue dyes for SLN mapping.
2.5.2 Radioisotope
A technique for intraoperative SLN mapping of cutaneous melanoma using a
radioisotope was developed in the early 1990s with successful results (Alex & Krag
1993, Alex et al. 1993, Albertini et al. 1996). This technique was later translated to
breast cancer patients and described by Krag et al. (1993). The injection technique is
similar to that of blue dye; however, a radiocolloid, such as technetium sulfur colloid, is
injected around the primary tumour up to 18 hours prior to surgery (Canavese et al.
1998). A handheld gamma detector is required intraoperatively to locate and detect
radioactivity from the SLNs prior to skin incision, which gets translated through a signal
processor to a monitor that displays the radioactive count (Krag et al. 1993). Regions of
high radiation emit audio signals with increasing pitch compared to the background
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noise level, which enables the surgeon to identify its location (Krag et al. 1993). A lymph
node is determined as sentinel if the radioactive counts are at least 30 over a 10 second
period (Krag et al. 1993) or if the node/background ratio is >5 (Canavese et al. 1998).
Local injections of radiocolloid can also be used to perform lymphoscintigraphy
preoperatively to accurately identify the location of the SLN prior to skin incision. Krag et
al. conducted a small pilot study utilizing technetium sulfur colloid as a sole tracer for
SLN mapping in breast cancer patients and detected SLNs in 82% of cases. In addition,
the sensitivity for identifying metastatic disease was 100% (Krag et al. 1993). Albertini et
al. utilized intraoperative lymphoscintigraphy in patients with cutaneous melanoma and
found a SLN identification rate of 83.5% (Albertini et al. 1996). Two studies conducted
by Veronesi et al. in breast cancer patients yielded SLN identification rates of 97.5%
and 98.7% (Veronesi et al. 1997, Veronesi et al. 1999). In addition, no adverse local or
systemic reactions have been reported following local injection of a radioisotope (He et
al. 2016). Limitations associated with radioisotopes have prevented their use in some
institutions. Radioisotopes require operation from a nuclear physicist and a specialized
operating room, and equipment as handling radioactive material is involved (MeyerRochow et al. 2003).
2.5.3 Dual-tracer method
A dual-tracer method using radioisotope and blue dye was then combined to
improve the SLN identification rates and decrease false negative rates. The blue dye
provides a visual guide for dissection of the lymphatic tracts and SLNs; however, if
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these cannot be visualized, then radio-guidance is useful to identify its location and
minimize unnecessary soft tissue dissection (Kargozaran et al. 2007). Investigations
into the dual-tracer method have since been extensively reported and have resulted in
superior identification rates compared to either method used alone. Albertini et al.
(1996) first utilized this combination in breast cancer patients and found an SLN
identification rate of 83%. All 18 patients with metastatic disease had a SLN identified
using the dual tracer method (Albertini et al. 1996). Canavese et al. (1998) assessed
the feasibility of SLN mapping using a radiocolloid combined with patent blue dye. The
SLN identification rate for the combined method was 96% compared to blue dye or
radioisotope alone (59% and 93%, respectively) (Canavese et al. 1998). A randomized
clinical trial comparing blue dye alone with the combination of blue dye and radioisotope
found that the dual tracer method resulted in a 100% SLN identification rate compared
to 86% when the blue dye was used alone (Hung et al. 2005). Several systematic
reviews have further validated the dual tracer method as an acceptable method for SLN
mapping in breast cancer patients. A 2006 meta-analysis review evaluating SLN
mapping in early breast carcinoma revealed an overall SLN identification rate of 96.35%
(Kim et al. 2006). This report consisted of 69 clinical trials utilizing blue dye alone,
radiocolloid alone, or a combination of radiocolloid and blue dye. It was noted that
studies performing the combined radiocolloid and blue dye for SLN mapping yielded a
SLN identification rate of 91.9%, significantly higher than the use of radiocolloid or blue
dye alone. In addition, the median false negative rate was 7% for the combined
procedures (Kim et al. 2006). In a more recent 2016 meta-analysis reviewing SLN
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mapping in breast cancer and melanoma patients, an overall SLN identification rate of
95% and 98%, respectively (Niebling et al. 2016). The overall combined false negative
rate for both cancers was low ranging between 0%-6.6%. As a result of these studies
and several others (Kim et al. 2006, Goyal et al. 2008, van der Ploeg et al. 2008, van
Deurzen et al. 2008, He et al. 2016, Niebling et al. 2016), the combination of a blue dye
and radioisotope has become the current standard of care of SLN mapping in breast
cancer patients with clinically negative axillary nodes (Lyman 2014).
The dual-tracer method has been shown to be an effective method for SLN
mapping in veterinary medicine. Balogh et al (2002) evaluated a combination of a
technetium labelled human serum albumin colloid and patent blue for SLN mapping of
dogs with various primary tumours, which included mammary masses, thyroid
carcinoma, and fibrosarcoma of the neck. Findings revealed that 97% of the SLNs were
detected using radioactivity and 77% of SLNs were stained blue. Worley (2012) found
that intraoperative lymphoscintigraphy and methylene blue dye resulted in a 100% and
94.7% SLN identification rate, respectively, in dogs with various mast cell tumours. In a
more recent study evaluating the outcomes of lymphoscintigraphy combined with
methylene blue for SLN mapping in dogs with cutaneous and subcutaneous mast cell
tumours, the overall SLN identification rate was 91%. Investigators also determined a
100% agreement between methods for SLN identification (Ferrari et al. 2020). Finally, a
more recent pilot study evaluating the use of preoperative lymphoscintigraphy for SLN
mapping in the anal sac of healthy research dogs found this technique to be feasible
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and successful in all dogs (Linden et al. 2019). These results suggest that similarly high
SLN identification rates can be achieved by using blue dye and lymphoscintigraphy for
staging veterinary patients as in people and that the combination of techniques may be
more accurate for targeting the SLN. However, these studies do not report on the
accuracy and false negative rates of SLN biopsy with histopathology and should be
further investigated. The limitations associated with lymphoscintigraphy as discussed
previously are likely to play an important factor in the consideration of this method.
Due to the potential life-threatening reactions to blue dye, the value for its routine
use for SLN mapping has been challenged. Some authors report that blue dye does not
provide any added benefit to the success of SLN identification. One large study
evaluating the dual tracer method using technetium sulfur colloid and isosulfan blue dye
revealed no significant differences in SLN identification rates compared to radiocolloid
only (both methods yielded 98.4%) (Kang et al. 2010). In patients who received dual
tracer mapping, only 0.8% of patients had a SLN that was blue only and not radioactive.
Additionally, 0.4% of patients experienced allergic reactions to blue dye with
approximately half developing hives and periorbital edema and the other half developing
hypotension requiring pressor support. The authors concluded that blue dye did not
appear to improve SLN identification rates in patients in which radioactivity was
detected (Kang et al. 2010). Similar findings were reported in another study evaluating
the combination of technetium sulfur colloid and patent blue dye (Rauch et al. 2016). In
this study, patent blue had a lower sensitivity than the radiocolloid in identifying SLNs
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(86% vs 98.6%, respectively) and patent blue was only marginally beneficial (0.8%) in
identifying a metastatic SLN when no radioactivity was detected. Allergic reactions
associated with blue dye occurred in 0.3% of patients and anaphylactic shock occurred
in 0.2% of patients. This has led some authors to omit using dyes in their SLN mapping
protocol.
In contrast, other authors continue to advocate for the combined use of blue
dyes. One retrospective study found that 1.3% of patients had a SLN identified only with
blue stain and was not radioactive, which improved the overall SLN identification rate
(Degnim et al. 2005). This study also had 3 patientsin which metastatic SLNs were
detected by blue stain only. Another study comparing the use of blue dye alone to a
combination of preoperative lymphoscintigraphy and intraoperative radioisotope and
patent blue (triple modality) reported that the accuracy and sensitivity of the blue dye
group was comparable to that of the triple modality group (Meyer-Rochow et al. 2003).
These studies did not report on the occurrence of any adverse reactions. Lastly, varying
reports on concordance between the two tracer methods have been reported. In one
small prospective study, the agreement between blue dye and radioisotope in
identifying SLNs was 92% (Kargozaran et al. 2007) while Krag et al. (2007) reported
that 65.1% of SLNs were ‘hot’ and ‘blue’ with an overall SLN identification rate of 97%.
Differences in agreement could be due to small sample size in the Kargozaran et al.
(2007) study and subject to type II error; however, the low concordance rate identified
by Krag et al. (2007) could suggest that two tracers should be utilized to optimize
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detection of SLNs as some SLNs will be detected by one tracer method and not the
other.
The use of vital dyes, whether used as the sole tracer or combined with another
modality, is still a topic of debate. For many institutions, blue dye remains favourable
due to its ease of use, low cost, and no requirement for specialized equipment (Ang et
al. 2014). The success of this technique improves with increasing surgeon experience,
approaching SLN identification rates similar to that of other SLN mapping modalities.
These higher rates have been reported in countries, such as Japan, China, and New
Zealand, where nuclear medicine facilities and resources are limited, and blue dye is
the only agent utilized. Although shown to have marginal benefit, blue dyes can help
identify SLNs that may not have been detected by other tracer methods. The utility of
these methods also appears to be easily translated into veterinary medicine, although
further clinical studies are required.
2.5.4 Computed tomography lymphography
Computed tomography (CT) is often utilized in human and veterinary oncology to
determine the size of a tumour, its association with surrounding soft tissue and
neurovascular structures, and evaluation of the locoregional lymphatic basin for surgical
planning. Computed tomography lymphography (CTL) is a contrast-based technique
that was developed as a preoperative modality for SLN mapping in humans with gastric
and breast cancer (Suga et al. 2003, Tangoku et al. 2004, Minohata et al. 2011, Lee et
al. 2013, Motomura et al. 2013, Yamamoto et al. 2016). Briefly, a water-soluble
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iodinated contrast agent, such as iopamidol, is injected around the tumour. Following
local injection, a CT scan is performed, which results in the rapid identification of
lymphatic tracts and SLNs (Tangoku et al. 2004, Motomura et al. 2013, Grimes et al.
2017, Majeski et al. 2017, Soultani et al. 2017, Rossi et al. 2018). In breast cancer
patients, lymphatic tracts are consistently identified in 96-100% of patients and reported
SLN identification rates range from 99-100% (Tangoku et al. 2004, Minohata et al.
2011, Motomura et al. 2013, Mokhtar et al. 2016, Yamamoto et al. 2016). In veterinary
oncology, SLN identification rates are more variable and range between 60-93%
(Grimes et al. 2017, Majeski et al. 2017, Soultani et al. 2017, Rossi et al. 2018, Wan et
al. 2021). This discrepancy could reflect the inclusion of various tumour types at
different anatomical locations, differences in injection technique, and less experience
compared to human oncologists.
Water-soluble iodinated contrast agents are favourable over radioisotope tracer
agents as they are inexpensive, nonradioactive, and commercially available. They are
safe to use with minimal to no adverse effects reported (Minohata et al. 2011, Motomura
et al. 2013, Mokhtar et al. 2016, Yamamoto et al. 2016). Local injection reactions
resulting in swelling have been reported in dogs; however, the incidence is low (Rossi et
al. 2018). In addition, CTL provides rapid results, with identification of lymphatic
pathways and SLNs within 1-3 min (Tangoku et al. 2005, Motomura et al. 2013, Soultani
et al. 2017, Grimes et al. 2017, Majeski et al. 2017, Rossi et al. 2018). Iodized oil has
also been less commonly described as an alternative lymphatic tracer for CTL SLN
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mapping. Some investigators argue that the use of water-soluble contrast agents limits
the utility of CTL due to its rapid migration through lymphatic vessels and short retention
time within SLNs (Kim et al. 2013, Lee et al. 2014). Iodized oil differs from a watersoluble contrast in that it offers prolonged and enhanced contrast retention by
accumulating within the SLN up to 3.5 hours post-injection (Lim et al. 2011, Kim et al.
2013, Lee et al. 2014). Experimental animal studies utilizing iodized oil in a canine
gastric model (Lim et al. 2014) and rabbits with induced carcinoma (Lee et al. 2014)
demonstrated the feasibility of indirect CTL for SLN mapping by achieving SLN
detection rates ranging between 96-100%. Kim et al. (2013) then translated this method
to 10 patients with early gastric cancer and found that CTL with iodized oil was
successful in identifying SLNs in all patients. Occult metastasis was found in 3 SLNs
with iodized oil retention and no false negative cases were identified. Furthermore,
histologic analysis of resected SLNs identified the presence of lipid deposits, which
confirmed the accuracy of the SLN with post-injection CT images (Lim et al. 2011, Kim
et al. 2013, Lee et al. 2014). Despite these promising results, further clinical studies
have not yet been performed.
Computed tomography lymphography is advantageous in that it provides
excellent spatial resolution by providing accurate anatomic details of lymphatic drainage
patterns from the primary tumour to the SLNs (Suga et al. 2003, Tangoku et al. 2004,
Minohata et al. 2011) and allows for assessment of a large drainage area as compared
to a surgical approach. This was initially demonstrated in one of the earliest studies
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evaluating CTL, in which locally injected iopamidol detected lymphatic vessels in all
patients (40/40) as early as 1 minute following local peritumoral injection (Tangoku et al.
2004). Individual lymphatic tracts could be traced to their corresponding SLN, which
correlated with intraoperative findings (Tangoku et al. 2004). The SLNs could be
followed along these tracts in an orderly fashion; thereby, distinguishing a primary SLN
from a second and third tier node (Yamamoto et al. 2016). These results were further
validated in two large retrospective studies, which described various lymphatic drainage
patterns in the axilla of breast cancer patients (Minohata et al. 2011, Yamamoto et al.
2016). In these studies, the most common lymphatic pattern was a single route to a
single SLN in 65-67.1% of patients; however, multiple routes to multiple SLNs were
identified in 9.6-13% of cases. Similar findings have been reported in veterinary studies.
In a pilot study in dogs with anal sac adenocarcinoma, variability of the SLNs and
lymphatic pathways were identified (Majeski et al. 2017). Rossi et al. (2018)
demonstrated that the SLN corresponded to the expected anatomical draining lymph
node in 77.7% of dogs; however, approximately 25% of their case population had
multiple SLNs or the contralateral node was identified as sentinel. Findings from these
studies demonstrate the anatomic variability of lymphatic drainage patterns and support
the use of CTL as a preoperative method for image-guided surgery.
Computed tomography lymphography can accurately distinguish SLNs from nonSLNs to guide surgical excision. The closest lymph node to the primary tumour may not
be the SLN and there may be multiple draining SLNs; therefore, sampling of a lymph
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node based on proximity and accessibility may lead to a false negative diagnosis of
metastatic disease. A pilot study using CTL in dogs with tumours of the head and neck
found that the SLN was ipsilateral to the tumour in 88% of cases; however, there was
one case which identified a SLN contralateral to the tumour and two cases that had
multiple SLNs (Grimes 2017). Majeski et al. (2017) identified SLNs contralateral to the
primary tumour in 33% of cases and multiple SLNs in 25% of cases within the iliosacral
lymphatic centre in dogs with anal sac adenocarcinoma. Motomura et al. (2013)
investigated the ability of CTL to differentiate SLNs and non-SLNs when combined with
intraoperative lymphoscintigraphy and indocyanine green dye. In this study, CTL
identified lymphatic flow to the primary SLN in 97.3% of patients with an overall SLN
identification rate of 99.5%. The findings from these studies show that in a high
proportion of individuals, the number and location of SLNs can be variable and
unpredictable, which suggests that preoperative SLN mapping should be performed to
improve targeted SLN excision.
The pattern of contrast enhancement within SLNs and lymphatic vessels may be
predictive of metastatic disease. Filling defects within the SLN or dilated and stagnant
lymphatic flow have been described from CTL, which has been correlated with positive
histopathologic findings (Tangoku et al. 2004, Minohata et al. 2013, Mokhtar et al. 2016,
Nakagawa et al. 2016, Yamamoto et al. 2016). One study found that partial
enhancement of the SLN had an increased association for metastasis compared to a
completely enhanced node (Minohata et al. 2013). Similar findings have also been
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demonstrated in veterinary medicine. Soultani et al. (2017) performed CTL in dogs with
mammary tumours and characterized three patterns of contrast enhancement within the
SLN. Sentinel lymph nodes that demonstrated a heterogenous pattern of opacification
were more likely to be positive for metastatic disease compared to a homogenous
opacification pattern, which were more likely to be negative for metastatic disease. The
sensitivity and specificity for a heterogenous pattern to predict metastasis was 93% and
100%, respectively. In addition, an absence of contrast enhancement was also found to
be associated with metastatic disease. This could be reflective of macrometastasis
resulting in obstruction of lymphatic vessels and disruption of normal lymphatic tissue
with tumour cells (Mokhtar et al. 2016, Yamamoto et al. 2016, Soultani et al. 2017).
However, a recent prospective study of 15 dogs with mast cell tumours or melanoma in
various anatomic locations found no significant associations between contrast
attenuation and enhancement patterns with SLN metastasis (Grimes et al. 2020). Due
to inconsistencies in these results, CTL should not be used as the sole method for
determining SLN metastasis and histopathologic review should continue to be
performed for definitive diagnosis. Randomized clinical trials with larger sample sizes,
as well as concordance studies comparing findings with intraoperative techniques and
histopathology are required for further validation.
The use of CTL for SLN mapping in veterinary medicine has shown more
variable results compared to human medicine. Rossi et al. (2018) described CTL in
dogs with solitary tumours in various anatomical regions and found a SLN identification
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rate of 60% while Grimes et al. (2017) described the technique in dogs with tumours of
the head neck and found a SLN identification rate of 89%. The discrepancy in
identification rates could be related to differences in primary tumour location, injection
technique, and surgeon or radiologist experience. Many studies in human medicine
include a much larger sample size and is performed over a longer period, which allows
surgeons to refine their technique. Computed tomography lymphography was also
evaluated in the mammary glands of healthy cats with a 93.5% SLN identification rate
(Patsikas et al. 2010). In all studies, lymphatic pathways could be clearly and easily
delineated. Based on the few studies available in veterinary medicine, there is
consistent evidence to support that CTL provides a rapid and feasible method for
preoperative SLN mapping for tumour staging; however, further clinical studies are
required.
Despite a high rate of lymph node identification on CT, without intraoperative
correlation of the SLN, it is unclear whether this modality alone is accurate in identifying
all SLNs. In breast cancer patients, CTL has been combined with an intraoperative
tracer agent, dye (Suga et al. 2003, Tangoku et al. 2003, Minohata et al. 2011,
Nakagawa et al. 2016, Yamamoto et al. 2016), radioisotope (Motomura et al. 2013), and
indocyanine green fluorescence (Mokhtar et al. 2016) to improve the accuracy of SLN
identification. In a study of 324 breast cancer patients, a SLN identification rate of
98.8% (320/324 patients) was found with the combination of CTL and blue dye
compared to 95% when blue dye was used alone (Minohata et al. 2011). In another
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study that utilized CTL and near infrared fluorescence imaging with indocyanine green,
a SLN identification rate of 100% was achieved (Mokhtar et al. 2016). Therefore, the
combination of preoperative CTL with intraoperative image-guidance can improve the
accuracy for SLN detection.
2.5.5 Intraoperative fluorescence lymphography
Sentinel lymph node mapping using NIRF and ICG in breast cancer patients has
shown to be a highly effective method for detecting SLNs. Kitai et al. (2005) first
presented the use of NIRF imaging for SLN mapping in a small pilot study of 18
patients. Findings from this study revealed a high SLN detection rate of 98% and
transcutaneous lymphatic vessels could be visualized and followed to the region of
SLNs in 100% of patients. More importantly, a false negative rate of 0% was achieved
and none of the patients experienced allergic reactions (Kitai et al. 2005). Several other
studies with larger sample sizes have yielded similar SLN detection rates when SLN
mapping with NIRF using ICG alone was evaluated (Murawa et al. 2009, Abe et al.
2010, Takeuchi et al. 2012, Wishart et al. 2012, Sugie et al. 2013, Ballardini et al. 2013,
Verbeek et al. 2014, Pitsinis et al. 2015, Zhang et al. 2016, Takada et al. 2018). Wishart
et al. (2012) performed a feasibility study to determine the sensitivity of NIRF-guided
SLN mapping. Transcutaneous fluorescent lymphatic channels were visualized in 100%
of procedures. Of 201 resected SLNs, 100% were detected using ICG fluorescence. In
addition, ICG fluorescence detected all SLNs that were positive for metastasis.
Validation studies have also been conducted which demonstrated high SLN detection

61

rates ranging between 99-100% (Ballardini et al. 2013, Verbeek et al. 2014). A recent
meta-analysis consisting of 19 studies determined a SLN detection rate of 98% and
false negative rate of 8% (Zhang et al. 2016). It was interesting to note that when ICG
was used solely as a dye, as opposed to its fluorescent properties, SLN detection rates
were unsatisfactory with one study reporting a detection rate of 65.7% (Kitai et al. 2005,
Tagaya et al. 2008, Inoue et al. 2016). Very few studies have evaluated the feasibility of
NIRF imaging for SLN mapping in veterinary medicine. Townsend et al. (2018)
conducted a pilot study on 6 healthy research dogs to determine the utility of NIRF
imaging. Each dog received a submucosal injection of ICG within the oral cavity and
NIRF imaging was performed. In all dogs, the ipsilateral mandibular lymph nodes had
evidence of fluorescence with a mean time of 8.8 minutes for detection. Transcutaneous
lymphatic tracts were also observed in all dogs (Townsend et al. 2018). Favril et al.
(2018) conducted a proof-of-concept study to compare NIRF imaging with contrastenhanced ultrasound in 6 healthy dogs. Indocyanine green and microbubbles were
injected subcutaneously within the inguinal, axillary, and popliteal regions and SLN
mapping was performed. Transcutaneous fluorescence was identified in 17/18 sites
compared to 18/18 for contrast-enhanced ultrasound; however, NIRF imaging allowed
for the visualization of transcutaneous fluorescent lymphatic tracts (Favril et al. 2018).
Near infrared fluorescence imaging with ICG is highly accurate for detecting
metastatic SLNs in breast cancer patients. One study reported a sensitivity of 92% for
the detection of metastatic sentinel lymph nodes compared to a sensitivity of 77% for
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radioscintigraphy (Murawa et al. 2009). This same study produced a false negative rate
of 8% for ICG and 23% for radioisotope. Another study reported a sensitivity of 94% for
the detection of metastatic SLNs using ICG fluorescence (Hirche et al. 2010). In a more
recent validation study evaluating the accuracy of ICG combined with radioscintigraphy,
ICG detected all SLNs positive for metastasis, whereas only 91% of positive SLNs were
detected by radioscintigraphy (Verbeek et al. 2014). The ability to detect more positive
SLNs with fluorescence imaging could be related to the more precise targeting of the
SLNs permitted by real-time visual guidance. Due to visualization of fluorescent
lymphatic tracts, SLNs can be followed in an orderly fashion from the primary tumour to
distinguish SLNs from non-SLNs (Pitsinis et al. 2014). In contrast, radioscintigraphy
identifies SLNs by detecting them as ‘hotspots’ in comparison to the background
radioactivity and cannot detect lymphatic flow (Sugie et al. 2013). This can be
problematic because there may be interference of radioactivity of lymph nodes in close
proximity to each other, which can make it challenging to differentiate SLNs from nonSLNs. This also occurs when several lymph nodes are in close proximity to the primary
tumour, i.e., the site of injection. Only one study has evaluated the use of NIRF imaging
and ICG on clinical patients in veterinary medicine; however, the accuracy for NIRF
imaging to detect metastasis could not be determined due to the low metastatic rate
within the study (Wan et al. 2021).
Although the feasibility and efficacy of ICG as a fluorescent tracer alone has
demonstrated consistent results, many investigators advocate for the application of
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combined SLN mapping modalities. The combination of ICG and blue dye has resulted
in SLN identification rates ranging from of 95-99.6% (Tagaya et al. 2008, Wishart et al.
2012, Pitsinis et al. 2014, Inoue et al. 2016, Guo et al. 2017, Shen et al. 2017). In a
nonrandomized prospective study of 523 breast cancer patients evaluating SLN
mapping using a combined ICG + blue dye technique, the SLN detection rate was
99.2% (Shen et al. 2017). In another large study of 714 breast cancer patients, the
detection rate of the combined techniques was 99.6% (Inoue et al. 2016). Guo et al.
(2014) evaluated this combined method in 24 patients and achieved a SLN detection
rate of 98.8%. The authors also demonstrated that the combined method lowered their
false negative rate to 4% compared to ICG and blue dye used alone (12% and 16%,
respectively) (Guo et al. 2014). The first study in veterinary medicine to evaluate the
combination of intradermal fluorescein and patent blue violet dyes for SLN mapping was
performed in a pilot canine study by Wells et al. (2006). In this study, healthy dogs were
injected with fluorescein, patent blue violet, or a combination of dyes at various
anatomical sites. Efferent lymphatic tracts could be grossly visualized from the sites of
injection to the first draining lymph node. When placed under an ultraviolet light source,
sites that were injected with fluorescein were observed to fluoresce. Overall, the SLN
detection rate was 98%. In a more recent study, SLN mapping of dogs with various oral
tumours was evaluated using a combination of preoperative and intraoperative imaging
modalities (Wan et al. 2021). Intraoperative lymphography was performed using a
combination of ICG and methylene blue with an overall SLN detection rate of 100%.
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The combination of ICG and radioisotope with blue dye (Verbeek et al. 2014,
Yuan et al. 2018) or without blue dye (Murawa et al. 2009, Hojo et al. 2010, Ballardini et
al. 2013, Verbeek et al. 2014) has been evaluated in a few studies of breast cancer
patients with SLN detection rates equivalent to that of ICG + blue dye. However, the
combination of ICG + radioisotope does not appear to be as favourable compared to
blue dye, likely related to the limitations associated with radioscintigraphy (Hojo et al.
2010). The combination of ICG and radioisotope has not been investigated in veterinary
medicine.
Finally, preoperative CTL and intraoperative NIRF was investigated by Abe et al.
(2017) in a prospective study of breast cancer patients. Computed tomography
lymphography detected lymphatic tracts in 96% of patients and SLNs in 98% of
patients, whereas, NIRF had detected lymphatics and SLNs in all patients. The
lymphatic tracts identified by NIRF corresponded to those observed from CTL (Abe et
al. 2017). The combination of CTL with intraoperative lymphography (ICG and
methylene blue) was evaluated in a canine study with various oral tumours. Findings
from this study revealed that CTL had a SLN detection rate of 92.8% while NIRF
imaging had a 100% SLN detection rate. A fair agreement between the two modalities
was identified, which was likely due to a higher proportion of SLNs identified by NIRF
compared to CTL (Wan et al. 2021).
Indocyanine green is safe and is associated with no to minimal adverse
reactions. In a recent meta-analysis evaluating the diagnostic utility of ICG-based SLN
65

mapping in breast cancer patients, no adverse events were reported in the 19 studies
included in the review (Zhang et al. 2016). A large prospective nonrandomized clinical
study of 523 patients also reported no adverse reactions or complications related to ICG
administration (Shen et al. 2018). One retrospective study investigating the one-year
postoperative morbidity rate associated with ICG in breast cancer and melanoma
patients reported long-term complications associated with ICG in only one patient (2%)
and this included temporary skin staining that resolved at 12 months post-injection
(Murawa et al. 2014). Another study reported skin staining in 23/82 (28%) of patients at
the injection site; however, patients received both ICG and methylene blue (Guo et al.
2017). In both studies, no local or systemic allergic reactions were encountered
suggesting that complications with ICG are rare.
2.5.6 Injection techniques
There is significant heterogeneity in SLN mapping modalities and standardized
techniques are lacking. In the early development of SLN mapping in breast carcinoma
patients, various injection locations were described and there was disagreement
amongst investigators on the optimal injection site (Gray et al. 2004, Kargozaran et al.
2007, Garcia-Manero et al. 2010). Injection sites included subareolar, intradermal,
peritumoral, and intratumoral locations. Evaluation of the effect of injection site on SLN
detection revealed that there was no significant difference in SLN detection rates when
comparing subareolar to peritumoral locations (Kargozaran et al. 2007) or with
subareolar and intradermal locations (Gray et al. 2004). A meta-analysis review
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performed in 2015 found that both superficial (periareolar, subareolar, intradermal) and
deep injections (peritumoral, intratumoral) of a radiotracer and/or blue dye were
effective for SLN mapping in breast cancer (Ahmed et al. 2015). Although intratumoral
injections were categorized in the deep injection group, no included studies had
intratumoral injections performed. The authors also found that additional SLNs were
identified following deep injection of a lymphatic tracer. This analysis did not include a
small clinical study by Garcia-Manero et al. (2010), in which periareolar and intratumoral
injections of a radioactive colloid and blue dye were compared. Results of this study
found that the SLN detection rate as similar in both groups; however, the median
number of SLNs was significantly higher in the periareolar group compared to the
intratumoral group. In contrast, Randall et al. (2020) found that peritumoral injection of
iohexol has a higher SLN detection rate on CTL compared to intratumoral injection. In
this study, the authors aimed to refine a technique for CTL SLN mapping in dogs with
various head and neck cancers and compared peritumoral and intratumoral injections of
iohexol. Sentinel lymph nodes were identified in 27.7% of dogs that received an
intratumoral injection while SLNs were identified in 90% of dogs that received a
peritumoral injection (Randall et al. 2020). These differences between studies could be
associated with variation in complex lymphatic pathways between anatomical locations,
as well as tumour location. Tumours that are located deep within parenchymal breast
tissue may be more challenging to correctly perform peritumoral injections compared to
intratumoral or periareolar locations. Nevertheless, peritumoral injection of lymphatic
tracer agents appear to be favorable and the most common site for injection.
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2.6 Near-infrared Fluorescence Imaging
Near-infrared fluorescence (NIRF) imaging is an alternative diagnostic modality
that provides real-time intraoperative optical guidance. The NIR wavelength lies
between 700 – 900 nm and is invisible to the human eye (Gioux et al. 2010, Schaafsma
et al. 2011, Favril et al. 2018). Within this window, there is minimal absorption of
photons by biomolecules, such as hemoglobin, water, and lipid, thus, tissue
autofluorescence is low (Gioux et al. 2010, Schaafsma et al. 2011, Favril et al. 2018).
The addition of an exogenous fluorescent contrast agent will, therefore, result in a high
signal-to-background ratio (Gioux et al. 2010, Favril et al. 2018). Near infrared light can
penetrate into tissue at depths of 10-12mm compared to the penetration depth of 2mm
of visible light (Favril et al. 2018). Specialized optical equipment is required to detect
fluorescence emitted by an exogenous contrast agent within the NIR light spectrum, and
because it is invisible, it does not alter the surgical field (Gioux et al. 2010, Schaafsma
et al. 2011, Favril et al. 2018). Several NIRF imaging systems are commercially
available worldwide and typically consist of a NIR light source, such as, a light-emitting
diode, filtered broadband source, or laser diode, a white light source, a charge-coupled
device camera, and a display monitor providing real-time images (Gioux et al. 2010).
2.6.1 Indocyanine green
Indocyanine green (ICG) is a non-targeted NIR probe and is the most common
fluorescent contrast agent utilized for NIRF imaging (Favril et al. 2018). It is watersoluble, negatively charged, and nonradioactive with a molecular mass of 776 Da and
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peak emission wavelength of ~820 nm (Schaafsma et al. 2011). Indocyanine green has
been approved by the Food and Drug Administration (FDA) for its clinical use in
evaluating liver function, cardiac output, and retinal perfusion (Kitai et al. 2005,
Schaafsma et al. 2011). Recently, its use has been investigated for SLN mapping and
determining tumour margins. In plasma, ICG will bind immediately to proteins (albumin,
lipoproteins) and remain within circulation for a few minutes (half-life 3-4 minutes)
before being cleared by the liver and excreted in bile (Schaafsma et al. 2011, Reinhart
et al. 2016, Favril et al. 2018). Overall, 98% of ICG is protein-bound, while the
remaining 2% circulates freely (Reinhart et al. 2016). Protein binding allows ICG to
remain within the intravascular space for a longer period and enhances fluorescence
intensity (Reinhart et al. 2016). Accumulation of ICG within tissues may occur due to
increased vascularity, increased capillary permeability, reduction in lymphatic clearance,
and differences in vascular and lymphatic pressures (Favril et al. 2018). As such, one of
the potential clinical applications for ICG is the ability to differentiate between neoplastic
and normal tissue. A standard dose ranges between 0.5 – 2 mg/kg (Schaafsma et al.
2011, Reinhart et al. 2016). For SLN mapping, ICG is injected within the subcutaneous
tissue closely surrounding a primary tumour, picked up into the local lymphatics, and
drained to the SLN. A tissue penetration depth of up to 12mm has been reported with
ICG, thus, transcutaneous fluorescence of lymphatic tracts or SLN may be detected
(Favril et al. 2018). A low toxicity profile has been reported with ICG with very minimal
associated allergic reactions (Schaafsma et al. 2011).
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Indocyanine green has been met with potential disadvantages. A phenomenon
term ‘fluorescence quenching’, occurs when a high concentration of ICG causes a
decrease in fluorescence emission and subsequently decreases fluorescence intensity
(Gioux et al. 2010, Verbeek et al. 2014, Guo et al. 2017). At ICG concentrations of ≥80
μg/mL within whole blood, fluorescence quenching was observed, which resulted in a
nonlinear decrease in fluorescence intensity (Mordon et al. 1998). Indocyanine green
has been found to be unstable in aqueous solution, especially when exposed to light,
therefore, it is produced and distributed as a powder to reduce decomposition before
use. Once ICG is dissolved and diluted in an aqueous solution, it should be used within
6 – 10 hours (Reinhart et al. 2016). Lastly, the low molecular size of ICG causes it to
leak out of lymphatic collecting ducts into the extracellular matrix, thereby reducing its
retention within the lymphatic system and lymph nodes (Proulx et al. 2010). These
biochemical properties of ICG may cause limitations in its clinical application as it
should be administered close to the time of the procedure. Based on current label
claims, it cannot be stored for more than 24 hours.
2.6.2 Limitations
Despite its high sensitivity and accuracy for SLN detection, NIRF imaging bears a
few limitations. There is no standardized protocol established for the administration
technique of ICG for SLN mapping. The concentration and volume of ICG administered
should be considered as this can affect the ability to detect fluorescence. Murawa et al.
(2009) evaluated different strengths of ICG injected into the periareolar region of the
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breast and found that at a dose of 5 mg, lymphatic tracts were weakly fluorescent
compared to a dose of 15 mg. However, at this dose, the tissue contrast appeared
decreased, likely due to the effects of quenching. Another limitation is the concern for
the inadvertent detection and removal of second and/or third tier SLNs due to the small
molecular weight of ICG and its rapid transit time through the lymphatic system. The
detection of more SLNs may increase patient morbidity as more soft tissue dissection is
required to excise the detected nodes. A lymphatic tracer combining ICG + human
serum albumin (ICG: HSA) was developed to overcome this concern. It was
hypothesized that ICG bound to albumin may increase transcutaneous fluorescence
and increase retention with the SLN; however, no significant difference was observed
(Polom et al. 2011, Hutteman et al. 2011). In a randomized clinical trial comparing SLN
mapping with ICG: HSA and ICG alone, no significant difference in the number of SLNs
were observed and the ICG alone group demonstrated better percutaneous
visualization of lymphatics compared to the ICG:HSA group (Hutteman et al. 2011). In a
study comparing ICG with blue dye, the average number of SLNs detected by ICG was
1 more than blue dye; however, surgical excision of this additional node did not have an
effect on patient morbidity (Guo et al. 2017). This limitation could also be overcome with
the use of a preoperative SLN mapping modality, such as CTL, to provide lymphatic
guidance and precise targeting of the SLN. Lastly, the intraoperative use of NIRF
requires a darkened room to optimize fluorescence, which may be inconvenient for
surgeons. The combined use with blue dye may help overcome this limitation by the
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direct visualization of the lymphatic tracts and SLNs when the NIRF camera is not being
utilized.

2.7 Nanoparticle Multimodal Imaging Agents
A combination of imaging modalities is often used throughout the management of
cancer patients. Preoperative advanced imaging, such as CT and magnetic resonance
imaging (MRI), is utilized for diagnosis, staging, and pre-surgical planning, while
intraoperative modalities, such as NIRF imaging, can be used to guide the surgeon for
primary tumour excision and SLN biopsy (Zheng et al. 2008). These imaging systems
can provide complementary information for the same patient; however, differences in
contrast agent pharmacokinetics and distribution profiles may preclude their feasibility in
a clinical setting, particularly, in veterinary medicine due to time constraints and
associated costs. Iodinated contrast agents and ICG have small molecular weights and
are rapidly distributed and excreted, which prevents the ability to perform these
longitudinal imaging studies and repeated contrast administration is necessary (Zheng
et al. 2008). Nanoparticle systems were developed that provides sustained contrast
enhancement for multiple contrast agents, which would allow for longitudinal multimodal
imaging of the same patient. To date, nanosystems that have been developed include a
combined MRI and optical imaging agent and a combined CT and MRI imaging agent
(Zheng et al. 2007). These imaging agents are typically co-encapsulated within a lipidbased nanoparticle, which allows for increased contrast enhancement and prolonged
retention within the vascular circulation. Liposomes have been used as anticancer drug
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carriers to selectively target tumour tissues based on the concept of the enhanced
permeability and retention (EPR) effect (Greish 2007). Tumour blood vessels have an
abnormal endothelial lining with wide fenestrations and are susceptible to vascular
permeability factors (Greish 2007). This defective vascular endothelium facilitates the
extravasation of macromolecules, such as liposomes (molecular size < 200 nm), which
effectively results in their accumulation within tumour tissue and prevents their diffusion
back into the blood vessel (Greish 2007, Zheng et al. 2008). The EPR effect can also be
applied to liposome encapsulated contrast agents. Published studies have consistently
demonstrated the prolonged vascular half-life of liposome encapsulated contrast agents
in preclinical animal models ranging from 18 – 72 hours (Zheng et al. 2007, Zheng et al.
2009, Zheng et al. 2015, Hu et al. 2019). Photostability of the liposomal encapsulated
contrast agent was found to improve compared to ICG alone. In one study,
photostability of liposomal co-encapsulation of ICG and iohexol maintained fluorescence
properties over a 21-day period (Zheng et al. 2015). In another study, a liposome
formulated ICG maintained stability for approximately 14 days compared to 7 days with
ICG alone (Proulx et al. 2010). Fluorescence intensity was also increased when ICG
was combined with liposomes. The liposomal formulation of ICG demonstrated a 4-fold
increase in fluorescence intensity, which ultimately led to an improved signal-tobackground noise ratio compared to ICG alone (Proulx et al. 2010).
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2.7.1 Nanotrast-CF800
Recently, a dual-modality tracer agent that co-encapsulates both iohexol and
ICG (Nanotrast-CF800) was developed to allow for the preoperative and intraoperative
detection of solitary tumours and malignant lymph nodes utilizing CTL and NIRF
imaging (Zheng et al. 2015). The Nanotrast-CF800 liposome bilayer consists of 1,2dipalmitoyl-sn-glycero-3-phosphocholine, cholesterol, and 1,2-diestearoyl-sn-glycero-3phosphoethanolamine-N- [poly (ethylene glycol)2000] in a percent mole ratio of 55:40:5.
The concentration of iodine and ICG was 54.1 mg/mL and 0.11 mg/mL, respectively,
with a mole ratio of 1000:1 (iohexol to ICG) (Zheng et al. 2015. In a preclinical animal
model study, rabbits induced with head and neck cancer receiving an intravenous
injection of the dual-modality tracer demonstrated significant contrast enhancement at
the tumour site at 1-4 days post-injection. Fluorescence of the tumour site and
malignant lymph nodes were visualized at 4 days post-injection. No laboratory animals
developed adverse reactions to the agent (Zheng et al. 2015). The prolonged retention
and contrast enhancement of Nanotrast-CF800 for presurgical planning was
demonstrated in a rabbit and pig model to determine enhancement of pulmonary
vasculature on CT (Hu et al 2019). Identification of first and second-tier branches of the
pulmonary arteries in both the rabbit and pig models' post-injection was significantly
different compared to pre-injection. In the rabbit model, there was a significant increase
in signal-to-background ratio at 24 hours post-injection. In addition, contrast
enhancement within the pulmonary vasculature persisted up to 72 hours post-injection.
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Liposomes and lipid-based nanoparticles have been reported to stimulate the innate
immunity through activation of the complement system. This subsequently induces
inflammatory cells, such as, mast cells, basophils, and platelets, to release vasoactive
mediators, including histamine (Szebeni et al. 2007, Szebeni et al. 2011). In humans
and animal models, activation of complement by liposomes can affect the
cardiovascular, respiratory, and cutaneous systems. In dogs, hemodynamic changes
(tachy- and bradyarrhythmias, hypo- and hypertension), transient clinicopathologic
abnormalities (leukopenia, thrombocytopenia), and occasional skin reactions have been
reported (Szebeni et al. 2007). Rarely, anaphylactic reactions have been reported in
humans (Szebeni et al. 2007). Adverse events have not been reported following the
intravenous administration of Nanotrast-CF800; however, administration of antiinflammatory corticosteroids can be considered for patients prior to receiving NanotrastCF800 (Hu et al. 2019).

2.8 Conclusion
Sentinel lymph node biopsy is a standardized procedure in human medicine for
staging breast carcinoma and oral squamous cell carcinoma, and its use is being
applied for various other cancers. As such, this should prompt further investigation for
its routine clinical application in veterinary oncology. Various preoperative and
intraoperative SLN mapping techniques have been evaluated, which have been shown
to be feasible and efficacious for identifying SLNs; however, standardized protocols
have not yet been established. The decision on which method to use is dependent on

75

the availability of the tracer agent, availability of specialized equipment, and surgeon
experience.
Near infrared fluorescence imaging is a newer technology that is rapid,
noninvasive and nonradioactive. It is steadily growing in popularity as a SLN mapping
modality due to its simple and feasible technique, association with high SLN
identification rates and false negative rates, and minimal to no adverse effects. Based
on these studies, NIRF imaging has been validated as an alternative SLN mapping
modality and achieves SLN detection rates and false negative rates similar to the
standard protocol of the combined blue dye and lymphoscintigraphy. Indocyanine green
is also widely available and associated with minimal to no adverse effects. Furthermore,
the wide application of NIRF imaging and ICG to other procedures such as delineating
tumour margins and assessing tissue perfusion allows it to be versatile in the clinical
setting. Although clinical investigation of NIRF imaging for SLN mapping in veterinary
medicine is lacking, initial studies show promising results for its potential efficacy.
Similarities between tumour biology in human and companion animals may allow us to
extrapolate results from NIRF SLN mapping studies from the human literature.
The use of NIRF imaging can be combined with other SLN mapping modalities,
such as CTL, to obtain complementary information of a patient and to aid in imageguided surgery. The combination of methods may improve the accuracy of SLN
identification and achieve low false negative rates. The use of a nanoparticle liposome
based dual-modality contrast agent may allow us to bridge the gap between
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preoperative and intraoperative imaging modalities for accurate and efficient
locoregional staging and minimizing patient morbidity.
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3.1 Abstract
Lymphatic drainage from the head and neck is variable with significant crossover,
therefore sentinel lymph node (SLN) mapping can help ensure the appropriate lymph
nodes are sampled. To improve sensitivity, SLN mapping utilizing multiple modalities
and a combination of preoperative computed tomography lymphography (CTL) and
intraoperative near infrared fluorescence imaging (NIRF) with indocyanine green (ICG)
+/- methylene blue (MB) dye has been suggested. The aim of this study was to
describe a method for intraoperative ICG lymphography and to determine agreement for
SLN detection using preoperative CTL and intraoperative ICG NIRF + MB
lymphography (IOL) in dogs with oral tumours. Fourteen client-owned dogs were
included. All dogs had preoperative CTL with iodinated contrast and IOL with an
exoscope. Lymph nodes with CTL contrast-enhancement, blue staining and/or
fluorescence were considered sentinel. The overall SLN identification rate was 100%
when CTL and IOL were combined. A total of 57 SLNs were identified. Indocyanine
green NIRF identified a greater proportion of SLNs (91%; 52/57) compared to MB
(50.8%; 29/57) and CTL (42.1%; 24/57). Eighteen SLNs were identified by all three
modalities with a fair level of agreement using Fleiss kappa statistical analysis. These
findings suggest a combination of preoperative CTL with intraoperative SLN mapping
techniques may greatly improve the ability to accurately detect the SLN in dogs with oral
tumours.
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3.2 Introduction
Locoregional lymph node evaluation is important for staging various solitary
tumours in dogs. Lymphatic drainage from the oral cavity occurs through afferent
vessels to the mandibular, medial retropharyngeal, and parotid lymphocentrums. 1,2 Most
commonly, the mandibular lymph node is sampled as it is the most superficial and
easily accessible lymph node, however, metastasis may spread to lymph nodes from
other regions without involvement of the mandibular node.1 Therefore, sampling the
mandibular lymph nodes alone is insufficient. Cytology, while helpful in the presence of
gross metastasis, is often inaccurate when lymph nodes are normal in size and requires
that the appropriate lymph nodes are sampled.3 Since lymphatic drainage patterns of
the head and neck are variable, it is important to consider additional techniques to
ensure adequate staging.1,4,5 Recently, bilateral cervical extirpation has become
commonplace to attempt to decrease the risk of understaging.6–8 Extensive cervical
lymphadenectomy can be associated with increased patient morbidity, thus, a less
invasive method of lymphatic staging while ensuring accuracy of information collected is
desired.9,10
In a study by Rossi et al.5 evaluating various malignant tumours in dogs, the
primary draining lymph node was not the anatomically closest lymph node (i.e.
ipsilateral) to the primary tumour in 22.3% of cases, and 26.7% of cases had multiple
draining lymph nodes. Similarly, in another study describing SLN mapping outcomes in
dogs with mast cell tumours, 8/18 dogs had a SLN identified that was different than the
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presumed draining lymph node.11 These studies highlight the importance of accurately
identifying the lymph node(s) that drain a primary tumour and demonstrates a potential
downfall of presumptive regional lymphadenectomy alone.5 An alternative to
locoregional lymph node extirpation is the concept of sentinel lymph node (SLN)
mapping. The SLN is the first lymph node(s) within a lymphocentrum that drains the
primary tumour.12,13 The SLN may be predictive of metastatic status of the
lymphocentrum, in that a negative SLN suggests that there has been no further
lymphatic spread of disease, whereas a positive SLN indicates the need for additional
treatment.13 Sentinel lymph node mapping is standard of care in human medicine for
breast cancer, melanoma, and head and neck cancers.14–16 Various SLN mapping
techniques have been described in human and veterinary medicine including blue
dyes,17–20 lymphoscintigraphy,11,18,20–22 indirect radiographic lymphography,23,24 indirect
computed tomographic lymphography (CTL),4,5,25–30 contrast-enhanced
ultrasonography, 31and near infrared fluorescence imaging (NIRF).31–34 A combined preand intraoperative approach to SLN mapping has been suggested to optimize the
accuracy for SLN detection.5,29 Preoperative CTL and intraoperative NIRF have been
found to be feasible techniques for SLN mapping in humans with oral cancer resulting in
SLN detection rates ranging between 95-96.3%.29,30 In addition, all SLNs identified by
CTL were fluorescent using ICG NIRF in the above studies. These techniques are noninvasive, simple and rapid to perform, and exhibit minimal to no adverse effects. In
veterinary medicine, a limited number of studies have assessed the use of indirect
CTL,4,5,25–27 ICG NIRF, 31,32and blue dyes17,23 individually, however, there are no studies
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investigating the utility of these techniques in combination for SLN mapping in clinical
patients.
The primary objective of this study is to determine the agreement for SLN
detection between preoperative CTL and intraoperative ICG NIRF + MB (IOL) for SLN
mapping in dogs with oral tumours. A secondary objective is to evaluate the outcome of
CTL, NIRF and MB for SLN detection. We hypothesize that there will be a high level of
agreement between preoperative CTL and IOL for SLN detection in dogs with oral
tumours. A secondary hypothesis is that ICG NIRF will detect more SLN than the other
modalities.

3.3 Materials and Methods
3.3.1 Patient Characteristics
Client-owned dogs with a primary tumour of the oral cavity or a scar from a
previously incompletely excised tumour were prospectively enrolled in this study.
Preoperative staging was performed at the discretion of the veterinary oncologist or
referring veterinarian prior to SLN mapping and included a complete blood count,
biochemistry profile, 3-view thoracic radiographs or thoracic computed tomography
(CT), abdominal ultrasound, regional lymph node cytology (mandibular, medial
retropharyngeal, or both) and histopathology of the oral mass. All dogs had a routine CT
scan of the head and neck prior to CTL and clients consented to excision of the primary
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tumour and bilateral cervical lymph node (mandibular and medial retropharyngeal)
extirpation.

3.3.2 Preoperative CTL
All dogs underwent a routine contrast-enhanced CT scan of the head and neck.
Dogs were positioned in sternal recumbency and scanned from the nose extending to
the shoulder. CT images were acquired using a 16-slice detector CT (GE Brightspeed
CT scanner, GE Healthcare, Milwaukee, Wisconsin, United States) with data collected
using 0.625 mm slice thickness and standardized protocol in helical mode, 0.8 second
rotation time, collimator pitch of 1, 120 kV and 200 mAs. Indirect CTL was then
performed by submucosal peritumoral injection of a total of 2 mL of diluted iodinated
contrast agent (Isovue-300, Bracco Imaging Canada, Montreal, Quebec, Canada) in a
1:1 ratio with saline into three to four equal parts around the tumour.4 When the tumour
involved the dental arcade, injections were cranial and caudal on the primary tumour
surface and on the lingual and buccal surfaces. The injection was performed over 30
seconds in each site (2 minutes total injection time) using a 23 g butterfly catheter. Care
was taken to ensure there was no compression on the head and neck region and CT
images were obtained at 1, 3, and 10 minutes post-injection. The first lymph node(s)
identified with contrast enhancement was defined as the SLN and time to detection was
recorded. If no SLN was detected at 10 minutes, the peritumoral injection was repeated
and the patient re-imaged. Additional contrast-enhanced lymph nodes identified on
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subsequent scans were considered second-tier SLNs. Images were analysed using
Horos Imaging Software (v1.1.7, Open Source Licence; Version 3 (LPGL-3.0)) to
identify contrast enhancement within lymphatic vessels and lymph nodes.
3.3.3 Intraoperative Lymphography (ICG NIRF + MB)
Surgical excision of the primary oral tumour or scar and cervical lymph node
dissection was performed with the investigators blinded to the CTL results. Patients
were positioned in dorsal recumbency and aseptically prepared for cervical lymph node
dissection and primary tumour excision. A 2.5 mg/mL ICG solution was prepared by
mixing 25 mg of ICG powder (Seaford Pharmaceuticals Inc., Mississauga, ON, Canada)
with 10 mL of sterile water. A 1.25 mg/mL ICG + MB solution was prepared by mixing
0.1 mL (0.25 mg) ICG solution, 0.1 mL MB (1.0 mg) (10 mg/mL; Omega, Montreal,
Quebec, Canada), and 0.8 mL NaCl). Prior to draping, 1 mL of ICG + MB solution was
administered by peritumoral injection similar to CTL. This injection was performed by
one of the 2 authors involved in the study (JW or MO). A NIR exoscope (VITOMII, Karl
Storz Endoscopy Canada Ltd., Mississauga, ON, Canada) was positioned 20-30 cm
above the patient and connected to a light source and display monitor.35 The surgical
procedure was performed by or under the supervision of an ACVS Diplomate (MO).
Bilateral cervical lymph node dissection was performed regardless of SLN status
through a midline ventral cervical incision as previously described.6,7 A minimum of 6
lymph nodes were removed. Following skin incision, cervical lymph nodes were
inspected in situ and ex vivo for fluorescence using NIRF and for blue staining by visual
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observation. Lymph nodes that were fluorescent and/or stained blue were considered
sentinel. A semi-quantitative scoring system was used to record the amount of
fluorescence or blue staining that appeared on the surface of the SLN; 0 = no
fluorescence/blue, 1+ = 25% lymph node fluorescent/blue, 2+ = 50% fluorescent/blue,
and 3+ = ≥75% fluorescent/blue.36 Presence of fluorescent/blue lymphatic tracts were
noted, but not considered confirmatory of SLN status. Time of injection, fluorescence or
blue visualization and surgical excision of cervical lymph nodes were recorded.
Subsequently, primary tumour excision or scar revision was performed routinely with the
technique and margins based on clinician preference. The primary tumour and cervical
lymph nodes were submitted for histopathology.
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3.4 Statistical Analysis
Descriptive statistics were used to measure the SLN detection rate, number of
SLNs, and time to detection/excision of SLNs by each modality, as well as the degree of
fluorescence and blue staining. A Fleiss kappa analysis was performed to determine the
agreement for individual SLN detection between all three modalities. A McNemar’s test
was used to compare the proportion of SLNs identified by each test modality.
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3.5 Results
Patient Characteristics
Fourteen dogs with a primary tumour of the oral cavity or scar from a previously
incompletely excised tumour that presented to a single academic institution from July
2018 to March 2020 were included in the study. Dogs included had a median age of 10
years (range 5-14 years) and median body weight of 24.3 kg (range 2.3-62.3 kg).
Breeds included mixed breeds (n = 4), Labrador retriever (n = 2) and 1 each of mastiff,
pug, soft coated Wheaten terrier, dandie dinmont, goldendoodle, border collie, boxer,
and Yorkshire terrier. Dogs consisted of neutered males (n = 8), spayed females (n = 5),
and intact male (n = 1).
Complete blood count and serum biochemistry were unremarkable in 13/14
cases and not performed in 1 case. Primary tumour locations included the rostral
mandible (n = 5), caudal mandible (n = 3), rostral maxilla (n = 3), caudal maxilla (n = 1),
buccal mucosa (n = 1), and hard palate (n = 1). Tumours were located on the left in 5
cases, right in 8 cases, and bilateral in 1 case. Initial histologic diagnosis of the primary
tumour was reported for 13/14 dogs and included fibrosarcoma (n = 2), squamous cell
carcinoma (n = 5), osteosarcoma (n = 3), and melanoma (n = 1). In 2 cases, the biopsy
was suspicious for squamous cell carcinoma, but a larger biopsy was recommended for
definitive diagnosis. In dog 5, the appearance of the buccal mass was suspicious for
amelanotic melanoma, but preoperative diagnostics were not performed and the owner
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elected aggressive surgical excision. Tumour size was reported in 13/14 dogs with a
median diameter of 2.0 cm (range 0.4-6.0 cm).
Preoperative staging of the oral mass varied and was based on the discretion of
the attending veterinary oncologist. Imaging included thoracic radiographs alone
(12/14), thoracic CT (2/14), and thoracic radiographs combined with abdominal
ultrasound (3/14). There was no evidence of distant metastasis in any dog. On
palpation, all dogs had small mandibular lymph nodes reported on physical
examination. Fine needle aspiration and cytology of regional lymph nodes were
performed in 11/14 dogs. Medial retropharyngeal lymph nodes were aspirated via
ultrasound-guidance. Lymph nodes aspirated included bilateral mandibular and medial
retropharyngeal nodes in 4 dogs, bilateral mandibular nodes only in 3 dogs, bilateral
medial retropharyngeal nodes only in 2 dogs, and was not reported in 2 dogs. The
remaining 3 dogs did not have lymph nodes aspirated. There was no evidence of
lymphatic metastasis in 10/11 dogs. In dog 11 with an amelanotic melanoma of the
midline caudal hard palate, cytologic metastasis was identified in the left mandibular
lymph node although the node was of normal size on palpation. Patient characteristics
are summarized in Table 3.1.
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Table 3.1 Summary of patient characteristics

CTL
Ca
se

Primary tumour

1

Periodontal
sarcoma
Ameloblastoma

2

3

4

Squamous cell
carcinoma
(SCC)
Spindle cell
sarcoma

5

Oral
fibrosarcoma

6

Gingival fibrous
hyperplasia

7

Ameloblastoma

8

Osteoblastic
osteosarcoma

Primary
Tumour
Location
Left rostral
mandible
Right
rostral
mandible

Primary
tumour
size (cm)
2.0

SLN
Histology

SLN

Reactive
hyperplasia
Follicular
hyperplasia

2

Right
rostral
mandible
Right
rostral
mandible
Right oral
buccal
mucosa
Right
caudal
maxilla
Left rostral
maxilla
Left caudal
mandible

1.0

NIRF

MB

Reinjectio
n
N

Presence of
lymphatic
tracts
Y - ipsilateral

Second
ary LN

SLN

SLN

none

2, 3

2, 5,
6

N

Y - bilateral

none

2, 5, 6

Y

Draining
hemorrhage

4, 5

N

Y - ipsilateral

R MRP

2, 3, 5,
6

Y

3.5

Lymphoid
hyperplasia

2, 5

N

Y - bilateral

None

1, 2,
3, 4
1, 2,
3, 4,
5, 6,
7
1, 2,
4, 5,
6
2, 4,
5

Agreement
CTL +
NIRF/MB
Y

2, 4, 5

Y

2.0

Draining
hemorrhage

6

Y

N

none

4, 5,
6

6

Y

1.0

Follicular
hyperplasia

5, 6

N

Y - ipsilateral

none

4, 5,
6

5, 6

Y

3.0

Follicular
hyperplasia
Normal

2, 3

Y

Y - ipsilateral

none

3

Y

1

N

Y - ipsilateral

none

1, 2,
3, 4
1, 2,
3, 4

1, 3

Y

0.4

N/A
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9

Oral carcinoma
(unknown origin)

2.0

Normal

5, 6

N

Y - ipsilateral

none

4, 6

6

Y

Ameloblastic
fibroma

Right
rostral
maxilla
Left rostral
maxilla

10

4.4

Normal

6

Y

Ycontralateral

none

3, 6

Y

11

Amelanotic
melanoma

Caudal
hard palate

0.8

1, 3,
4, 6

N

Y - bilateral

none

1, 3, 4,
5, 6, 7

Y

12

Osteosarcoma

6.0

2

N

Y - ipsilateral

none

Y

Fibrous
osteosarcoma

6.0

Reactive
hyperplasia

5, 6

N

Y - ipsilateral

none

1, 2,
4
4

2

13

-

N

14

Osteosarcoma

Left rostral
mandible
Right
caudal
mandible
Right
caudal
mandible

Left
dorsolateral
mandibular
lymph node
(3):
metastasis
Normal

1, 2,
3, 4,
6
1, 2,
3, 4,
5, 6,
7

6.0

Draining
hemorrhage

-

N

N

N

4, 5

5

N

SLN Abbreviations: 1; left medial retropharyngeal, 2; left ventromedial mandibular, 3; left dorsolateral mandibular, 4; right medial retropharyngeal,
5; right ventromedial mandibular, 6; right dorsolateral mandibular, 7; accessory lymph node; Bolded numbers indicate SLN identified by all three
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Computed Tomography Lymphography
Indirect CTL identified SLNs in 13/14 dogs (SLN detection rate 92.8%). The
median number of SLNs identified was 2 (range 1-4) per dog. The mandibular lymph
node was the most common SLN identified and 3 dogs also had a medial
retropharyngeal lymph node as the SLN. In one dog, the ipsilateral medial
retropharyngeal lymph node was the only SLN. In all dogs, at least 1 SLN was
ipsilateral to the primary tumour. Three dogs (21.4%) had an additional contralateral
SLN identified. Contrast-enhanced SLNs were identified at a median time of 1 minute
post-injection (range 1-15 minutes). In three dogs, SLNs were not identified by the 10
minute post-injection scan and re-injection was performed and the patient re-scanned.
Following re-injection, contrast uptake could be identified within the mandibular lymph
nodes in all 3 of these dogs. Only 1 dog (case 3) had a second-tier lymph node
identified at 3 minutes post-injection, which was the ipsilateral medial retropharyngeal
lymph node. Contrast-enhanced lymphatic vessels were identified in 12 dogs, which
could be followed to the SLN(s) in all cases. Eight dogs had contrast-enhanced
lymphatic tracts ipsilateral to the primary tumour, 3 dogs had bilateral lymphatic tracts,
and 1 dog had lymphatic tracts contralateral to the primary tumour.

Intraoperative Lymphography (ICG NIRF + MB)
Thirteen dogs had surgery within 7 days of CTL and 1 dog at 14 days. All dogs
underwent IOL. Indocyanine green NIRF imaging identified SLNs in 14/14 dogs (SLN
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detection rate 100%) and MB identified SLNs in 13/14 dogs (SLN detection rate 92.8%).
The median number of SLNs identified for IOL was 3 (range 0-7). With the median
number of SLN for ICG NIRF and MB being 3.5 (range 1-7) and 2 (range 0-6),
respectively. The median degree of fluorescence and blue staining was 2+ and 1+,
respectively. The median times from injection to removal of the first SLN was 29.45
minutes (range 13-49 minutes).

Comparison of CTL and ICG NIRF + MB
Sentinel lymph nodes were identified in all cases by at least one method yielding
an overall 100% SLN detection rate. In 12/14 dogs, the same SLN was identified with all
three modalities. In one dog (case 13), CTL identified the ipsilateral mandibular lymph
nodes while NIRF identified only the ipsilateral medial retropharyngeal lymph node.
These lymph nodes were not stained blue. In a second dog (case 14), ipsilateral
mandibular and medial retropharyngeal lymph nodes were identified with IOL; however,
neither of these nodes were contrast-enhancing on CTL.
A total of 86 cervical lymph nodes were surgically excised with 57 nodes
identified by at least one modality. Eighteen of these 57 SLNs were identified by all
three modalities (i.e. contrast-enhanced, fluorescent, and stained blue) (Figures 3.1 and
3.2) whereas CTL, ICG NIRF, and MB alone identified 24, 52, and 29 of the SLNs,
respectively. Indocyanine green NIRF identified a significantly greater proportion of LNs
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compared to CTL and MB alone (p < 0.0001). There was no significant difference in
proportion of SLNs identified between CTL and MB. Based on Fleiss kappa analysis,
the agreements between CTL + IOL, CTL + NIRF, and NIRF + MB were determined and
are summarized in Table 3.2. The agreement between CTL + IOL for SLN detection
was 0.4 (p < 0.0001). No adverse events from CTL or IOL were identified.
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Figure 3.1 Transverse cross-section CT image of a dog with a left rostral mandibular
mass at 1-minute post-injection in a soft tissue window reconstruction. Contrast uptake
present within the mandibular lymph nodes bilaterally (arrows).
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A

B

Figure 3.2 Intraoperative (A) and ex vivo image (B) of the left ventromedial mandibular
lymph node in the same dog as Figure 3.1. This lymph node was fluorescent on NIRF
and stained blue.
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Table 3.2 Agreement between SLN mapping modalities on SLN detection rates
Agreement

CTL + NIRF

NIRF + MB

CTL + IOL

SLN detection rate 85.7%
(n=57 SLNs)

92.8%

100%

Fleiss Kappa

0.4*

0.4*

0.3*

*indicates significance p<0.001

Histopathology
The primary oral tumour and cervical lymph nodes were submitted for
histopathology in all dogs. Primary tumour histologic diagnosis included fibrosarcoma,
squamous cell carcinoma, osteosarcoma, amelanotic melanoma, oral carcinoma of
unknown origin, periodontal sarcoma, spindle cell sarcoma, ameloblastoma,
ameloblastic fibroma, and gingival fibrous hyperplasia (Table 3.1). In the dogs
diagnosed with ameloblastoma and ameloblastic fibroma, the initial biopsy was
suggestive of squamous cell carcinoma. In the dog diagnosed with gingival fibrous
hyperplasia the preoperative suspicion was amelanotic melanoma and the owner
elected an aggressive surgical approach.
Histopathologic analysis of the cervical lymph nodes did not reveal evidence of
metastatic disease in 13/14 dogs. Only 1/57 SLNs was positive for metastatic disease.
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The remainder of the non-SLNs were negative for metastasis. In case 11, the dog was
diagnosed with amelanotic melanoma of the caudal hard palate and the left mandibular
lymph node was positive for metastasis on cytology and confirmed with histopathology.
In this case, 2 serial sections of the left dorsal mandibular lymph node were evaluated,
which revealed that 70% of the node was effaced with neoplastic cells identical to that
of the primary tumour. This lymph node was identified as the SLN on CTL, but was
negative on IOL with blue staining observed within the lymphatic tracts but no visible
fluorescence or blue staining of the LN. There was no evidence of metastasis in any
lymph node that was not sentinel based on at least one modality.

123

3.6 Discussion
The overall SLN detection rate was 100% when preoperative CTL and IOL were
combined for SLN mapping in dogs with oral tumours indicating that at least 1 SLN was
identified in all dogs using at least 1 modality. In comparison, the SLN detection rate for
each modality alone was 92.8% CTL, 100% ICG NIRF, and 92.8% MB. A combination
of preoperative and intraoperative diagnostic modalities has been advocated for SLN
mapping in both human and veterinary medicine in order to improve our ability to
identify the SLN. When CTL was combined with ICG NIRF29,37 or lymphoscintigraphy
and MB,25 in human studies the SLN detection rate improved to 100%, which is similar
to the results of our study.
The addition of preoperative CTL to IOL for SLN mapping techniques can aid in
improving the accuracy of SLN identification due to the ability to evaluate a larger field
of view and trace lymphatic pathways from the primary tumour directly to the SLN
allowing for specific localization of the SLN.4,5,25,28,37,38 As the SLN may not always be
the ipsilateral regional lymph node, having advanced knowledge of the targeted lymph
node will be important to ensure an accurate surgical approach and therefore accurate
sampling. When the SLN is far outside of the standard sampling basin, this information
can alter preoperative preparation and surgical approach, making advanced knowledge
critical.25 Since there are often at least 2 mandibular lymph nodes per side, it is
important that the correct lymph node in this basin is sampled and prior knowledge of
the target can be helpful, especially when a more limited surgical approach is elected. In
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one recent study evaluating CTL techniques in dogs with head and neck cancer,
variable lymphatic drainage patterns to specific mandibular lymph nodes and variations
in the number of mandibular lymph nodes were identified.25 This finding is in
accordance with the findings of this study in which CTL identified a specific mandibular
lymph node as sentinel. It is possible that identification of additional fluorescent/blue
staining lymph nodes intraoperatively may represent second- or third-tier nodes and,
thus, biopsy of these lymph nodes may not be necessary for staging; however, further
investigation is required before these recommendations can be justified. This finding
suggests that the use of CTL preoperatively in combination with IOL may allow for more
accurate targeting of the SLN and subsequently increased accuracy and decreased
morbidity.
The agreement for detecting the same SLN by all modalities (CTL + IOL) was
determined to be fair based on Fleiss Kappa analysis. Of the 57 total SLNs, only 18
were identified in agreement by all three methods, which was lower than hypothesized.
A possible reason for this could be because there was a greater number of lymph nodes
that were fluorescent and/or blue compared to nodes that were contrast enhanced.
Previous human studies utilizing NIRF for SLN mapping have also reported that NIRF
resulted in a higher average number of SLNs compared to other modalities and this
may be due to differences in the timing of evaluation or properties of ICG resulting in
altered uptake.37,39,40 Indocyanine green has a low molecular weight of 776 Daltons,
which may contribute to its rapid transit time within lymphatic vessels and short
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retention time within lymph nodes.41 This rapid transit may allow for contrast uptake and
fluorescence of second- and third-tier lymph nodes leading to misidentification of the
SLN and possibly unnecessary node excision. Indocyanine green combined with human
serum albumin has been investigated to increase tissue retention time; however, no
difference in SLN number was identified.42,43Therefore, the combination of preoperative
and intraoperative SLN mapping modalities may be important in accurately determining
the SLN by identifying a node that has uptake of multiple contrast agents. Ideally, these
results will be compared to the ability to detect metastatic lymph nodes, which was not
possible given the low metastatic rate in this study.
Methylene blue has been used in human oncology to aid in intraoperative visual
guidance of lymphatic tracts to the SLN; however, some studies have reported MB to be
inferior when used alone compared to combined techniques.37,40 In a comparative study
of SLN mapping techniques using ICG and MB in breast cancer patients, the
combination of ICG + MB resulted in a 99.5% SLN detection rate compared to ICG
alone (97%) and MB alone (89%). Importantly, the combination of these modalities led
to the detection of metastatic SLNs in 72.7% of patients compared to ICG alone (22.7%)
and MB alone (4.6%). 40 We chose to include MB for IOL due to its ability to provide
gross visualization of lymphatic tracts and lymph nodes under white light.
In our study the timing between CTL and IOL were different. In CTL, injection and
evaluation was performed at set time points, but with IOL, injection was performed prior
to skin incision to ensure the surgical procedure did not interrupt lymphatic flow. While
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ideally this timing would have been synchronized, it is not possible in a clinical
setting. In addition, patient positioning differed between CTL and IOL. Patients were
positioned in sternal recumbency for CTL, whereas patients were positioned in dorsal
recumbency for lymphadenectomy. The positioning of patients also has the possibility of
affecting lymphatic flow, thus, impacting our results.
In 2 dogs, CTL and IOL had a complete lack of agreement for SLN identification.
In 1 dog, the lymph node was metastatic which may have altered lymphatic pressure in
a way that potentially impacted ICG more than the iodinated contrast. Tumour infiltration
of afferent lymphatic channels and lymph nodes has been theorized to obstruct
lymphatic flow and potentially cause reduction of contrast uptake within the node
leading to misidentification of the SLN.44,45 One study demonstrated that an increased
metastatic lymph node burden decreased the SLN detection rate when blue dye,
radiocolloid, or the combination of these agents were used.44 In another study, blue dye
was not found to be affected by nodal tumour burden; however, uptake of radioisotope
decreased with an increasing nodal tumour burden.45 To the authors’ knowledge, the
effect of nodal tumour burden on ICG or iodinated contrast uptake has not been
investigated.
In order to reduce variation with injection technique, the injection was performed
by the same operator at similar injection sites for both modalities. Ultimately, these were
2 different injection times so injection technique may still have varied. Ideally, a single
injection for both CTL and IOL would prevent this element of variation but would again
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present a challenge regarding timing and identification for additional later tier LNs with
IOL. A novel contrast agent, which incorporates iohexol and ICG within a liposomal
nanoparticle, could help to resolve some of these concerns as only a single injection is
administered, but still allows for CTL and IOL to be performed at different times with
prolonged entrapment within the lymph nodes occurring as a result of the nanoparticle
encapsulation.46
Out of the 11 dogs with a final histologic diagnosis of a malignant oral tumour,
only 1 dog with amelanotic melanoma of the caudal hard palate had evidence of
metastasis to 1 of the left mandibular lymph nodes. This lymph node was contrastenhanced on CTL with a heterogenous contrast pattern appearance; it was not
fluorescent or stained blue; however blue staining of the lymphatic tract was visualized.
The cause for a positive identification by preoperative CTL and not IOL is unclear. It is
possible that infiltration of neoplastic cells within the lymph node may have affected
lymphatic drainage to the SLN.47,48 In one study evaluating the effects of tumour burden
for SLN mapping in human breast cancer patients, radioisotope uptake within the node
was associated with tumour replacement of lymphoid tissue. Sentinel lymph nodes with
a tumour burden of ≥ 55% was associated with reduced uptake of radioisotope within
the lymph node leading to a false negative result; however, blue dye did not have a
similar association.45 In our study, histologic assessment of the positive SLN identified
that 70% of the node was effaced with neoplastic cells. It is possible that intraoperative
contrast uptake to the left mandibular node was obstructed due to infiltrative metastasis
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with redistribution of flow to other cervical nodes. It is also possible for technical errors,
such as patient positioning or injection technique, that could have affected lymphatic
flow.27,48 Since fluorescence uptake was identified within the remainder of the cervical
lymph nodes, a technical error is less likely. Another reason may be due to differences
in pharmacokinetics between the contrast agents, which is evident by some SLNs
identified by fluorescence and not blue and vice versa. This is an interesting point of
future study.
Limitations to this study include small sample size, varied histopathologic
diagnoses and that timing of injection to SLN identification and removal, and patient
positioning were not standardized. Due to the clinical nature of this research, these
limitations are acknowledged but difficult to control. The low metastatic rate in this study
precluded conclusions on the accuracy of the combined preoperative CTL and IOL
technique of SLN mapping with histopathologic analysis, which is considered the ‘gold
standard’. In our study population, several of the malignant oral tumours were
sarcomas. Many of these tumours are typically locally aggressive with a low to
moderate metastatic rate, 49 thus, inclusion of these tumours may have led to a higher
population of lymph nodes that were negative for metastasis. Inclusion of a greater
number of cases with malignant tumours having a propensity for lymphatic spread, such
as squamous cell carcinoma or melanoma, may increase the possibility to detect a SLN
positive for metastasis, thereby, allowing for comparison of SLN agreement between
SLN mapping modalities.
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Peritumoral injections were performed once the patient was in the operating
room and prior to final aseptic preparation and draping. Multiple factors could have
affected time to SLN identification and removal including time to perform final aseptic
cleansing of the patient, draping, equipment set-up, and whether a surgery resident or
ACVS Diplomate performed cervical node dissection. Therefore, time to identify a SLN
is grossly overestimated in our study. In the future, based on our experience and the
fast transit time of both ICG and MB, we would recommend delaying the injection until
all preparation and draping of patients are completed.
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3.7 Conclusion
The combination of preoperative CTL with IOL utilizing ICG NIRF and MB
achieved a high SLN detection rate with a fair agreement between modalities for SLN
detection. Both techniques have proven to be simple and feasible to perform and were
not associated with any adverse events. The identification of the only metastatic lymph
node in this study by CTL and not IOL emphasizes the importance of using a
combination of SLN mapping modalities to improve our ability to accurately detect the
SLN.
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4.1 Abstract
A combination of pre- and intraoperative sentinel lymph node (SLN) mapping
techniques has been suggested to optimize SLN detection. A novel liposomal
nanoparticle, Nanotrast-CF800 (CF800), utilizes computed tomography lymphography
(CTL) and near infrared fluorescence imaging (NIRF) for image-guided surgery and
SLN mapping. This novel tracer agent has not been evaluated in companion animals.
The objective of this study was to evaluate the feasibility and efficacy of CF800 for SLN
mapping in the oral cavity of healthy dogs and to report any local adverse effects. Six
healthy adult purpose-bred research dogs randomly received either 1 mL (group 1) or 2
mL (group 2) of CF800 injected into the submucosa at the level of the right canine
maxillary tooth. CTL and percutaneous NIRF were performed at 1, 3, and 10 minutes,
then 1, 2, 4, 7, and 10 days post-injection (p.i). Overall, both CTL and NIRF identified
SLNs in all dogs. The overall peak mean contrast enhancement of the SLNs was 73.98
HU (range 63.45-86.27 HU) at 2 days p.i. Peak fluorescence of the SLN occurred at 1
day p.i. The agent was retained within the SLN for at least 7 days for CTL and 4 days
for NIRF. No adverse effects were observed. Local administration of CF800 was simple
and feasible for the detection of SLNs using CTL+NIRF in the head and neck of healthy
dogs and was not associated with significant local adverse events.
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4.2 Introduction
Lymph node assessment for metastatic disease is integral for staging many
solitary cancers as it provides valuable prognostic information and can guide treatment
recommendations. The SLN is defined as the first lymph node(s) that drains a primary
tumor and is based on the theory that metastasis occurs in an orderly and sequential
manner through the regional lymphatic basin.1,2 The SLN has been demonstrated to be
predictive of metastatic disease.3–5 A negative SLN suggests that there has been no
further systemic spread and requires no additional therapy while a SLN positive for
metastasis suggests that there is further spread and adjuvant therapies such as
additional surgical excision, chemotherapy, or radiation may be warranted.1–4 As such,
the SLN can reflect the status of the remaining lymphatic basin. The anatomic regional
lymph node is often sampled for oncologic staging; however, it may not accurately
represent the SLN. In one study of dogs with various malignant tumors, the SLN was
different from the regional lymph node in 22.3% of cases.6 Nonselective
lymphadenectomy has been performed for locoregional control; however, has been
found to lead to increased postoperative complications.7,8 Alternatively, biopsy of the
SLN is preferred, as this is a less invasive surgical technique for clinical staging and can
reduce patient morbidity.7,8
Several mapping techniques have been described to localize and identify the
SLN, and historically, included dyes9,10 and lymphoscintigraphy.11 The combination of
lymphoscintigraphy and blue dye is currently the standard of care for SLN mapping in
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human oncology; however, there are limitations associated with these techniques. 2,12,13
The use of blue dyes has the potential to cause severe allergic reactions9,14, while
lymphoscintigraphy requires the use of specialized equipment, is associated with
radiation exposure, and has higher costs.2
Computed tomography is a rapid and noninvasive diagnostic modality that
provides detailed anatomic information and high spatial resolution for accurate
preoperative planning. Computed tomography lymphography (CTL) is an alternative
SLN mapping modality that utilizes a water soluble based iodinated contrast, which
results in the rapid identification of contrast-enhanced lymphatic tracts and SLNs.15–17
While this modality has excellent utility for preoperative mapping, it does not provide the
surgeon with intraoperative guidance, thus, CTL should be combined with an optical
imaging modality to ensure accurate intraoperative SLN identification.16,17
There is growing interest in the use of near infrared fluorescence imaging (NIRF)
with indocyanine green (ICG) for SLN mapping modality in both human and veterinary
medicine. This technique provides real-time optical intraoperative guidance for the
detection of fluorescent SLNs. Its use has been favorable due to its ease of application,
high SLN detection rates, and association of ICG with reasonable cost and minimal
adverse effects.2,18,19 In a 2016 meta-analysis review, the use of ICG alone for SLN
mapping in human breast cancer patients yielded an overall SLN detection rate of 98%
with a high sensitivity and specificity and low false negative rate.5 A potential limitation
of ICG is associated with its rapid migration through the lymphatic system. ICG has a
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small molecular weight and binds to plasma proteins, which allows it to become quickly
distributed throughout the lymphatic system.20–22 As a result, ICG may not retain within
the SLN and could migrate to second- and third-tier lymph nodes causing
misidentification of the true SLN and leading to the unnecessary excision of additional
lymph nodes.21 Furthermore, NIRF SLN mapping needs to be performed almost
immediately after contrast injection.
A combination of preoperative and intraoperative SLN mapping techniques, such
as CTL with intraoperative NIRF, has been suggested to facilitate the accurate detection
of SLNs. A limitation of this technique is the need to perform two separate injections.
Due to the time that elapses between preoperative imaging and surgery, there can be
significant time between these injections and often different operators will perform the
injections. As a result, there may be variability in the location and injection techniques
which could alter their agreement accuracy. A novel dual-imaging modality tracer agent
Nanotrast-CF800 (CF800) was recently developed and evaluated in a preclinical animal
model.23 This novel tracer incorporates both iohexol and ICG within a liposomal
nanoparticle capsule (mole ratio 1000:1) for the use of preoperative and intraoperative
image-guided tumor and metastatic lymph node localization. Results of that study
demonstrated CT contrast enhancement and fluorescence intensity within metastatic
cervical lymph nodes up to 4 days p.i. in rabbits with induced tumorigenesis of the oral
cavity. The authors proposed that this novel agent can be administered to utilize both
preoperative and intraoperative SLN mapping for staging various cancers while
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achieving an increased retention time within the targeted tissues and allow for
appropriate surgical planning. The use of this novel agent has not yet been investigated
in companion animal patients.
The main objective of this experimental study is to evaluate the feasibility and
efficacy of a dual-modality nanoparticle, Nanotrast-CF800 for image-guided SLN
mapping in the oral cavity of healthy dogs. A secondary objective is to report any local
adverse effects associated with CF800 and to determine an appropriate volume of
CF800 to be administered. We hypothesized that the use of CF800 will be feasible and
effective for SLN mapping within the oral cavity of healthy dogs and the local
administration within the oral cavity will not result in local adverse events.
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4.3 Materials and Methods
4.3.1 Animals
Six adult purpose-bred research beagle dogs were utilized for this experimental
study. This research project was approved by the University of Guelph Animal Care
Committee (AUP #3775). All dogs were approximately 1-2 years of age with a mean
body weight of 7.9 kg (range 6.9-9.6kg). There were 3 intact males and 3 intact females.
All dogs were determined to be healthy based on physical examinations, complete
blood count, serum biochemical profile, and urinalysis prior to the start of the study.
Dogs were randomly divided into two groups to receive either 1 mL (group 1) or 2 mL
(group 2) of CF800.
4.3.2 Study Design
Dogs were fasted for at least 8 hours prior to the start of the study. On the day of
the procedure, dogs were sedated using 0.05 mg/kg hydromorphone and 5-10 mcg/kg
dexmedetomidine IV via the cephalic or lateral saphenous vein. Dogs were positioned in
left lateral recumbency on the CT scanner table and the fur from the ventral mandible to
thoracic inlet was clipped. Cardiorespiratory parameters including heart rate, respiratory
rate, temperature, and indirect oscillometric blood pressures were monitored from
starting at 10-15 minutes prior to injection then every 5 minutes following injection until
recovery from sedation. All dogs underwent a pre-contrast CT scan extending from the
nose to the thoracic inlet using a 16-slice detector CT (GE Brightspeed CT scanner, GE
Healthcare, Milwaukee, Wisconsin, United States) with data collected using 0.625mm
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slice thickness and standardized protocol in helical mode, 0.8 second rotation time,
collimator pitch of 1, 120 kV and 200mAs. The same algorithm was used for all CT
scans. A near infrared (NIR) exoscope (VITOMII, Karl Storz Endoscopy Canada Ltd.,
Mississauga, ON, Canada) was positioned 20 cm above the patient’s oral cavity and
ventral neck and connected to a light source and display monitor.24
The CF800 liposome preparation (Nanotrast-CF800, Nanovista, University
Health Network, Toronto, ON, Canada) used for this study has been described in a
previous study.23 Briefly, the lipid bilayer is comprised of 1,2-dipalmitoyl-sn-glycero-3phosphocholine, cholesterol, and 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N[poly(ethylene glycol)2000]. This lipid mixture was first dissolved in ethanol then
hydrated in ICG and finally dissolved in Omnipaque350. The final liposome solution was
extruded between pressures of 100-400 psi then purified with Sephadex G-25 column.
The resultant CF800 contains ICG 0.11mg/ml and iodine 54.1 mg/ml. Based on the
assigned group, 1 or 2mL of CF800 was injected using a 25g needle into the labial
mucosa at the dorsal aspect of the right canine maxillary tooth over 1 minute, as
previously described by Townsend et al. (2019).25 Post-injection massage of the
injection site was not performed. Fluorescence was observed continuously during
injection. Following injection, CT scans of the head and neck were performed at 1, 3,
and 10 minutes p.i. using the previously described parameters. In between CT scans,
NIRF was observed to evaluate the injection site and ventral cervical region for the
presence of percutaneous fluorescent lymphatic tracts and right mandibular lymph
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nodes. The SLN was defined as the first lymph node that was contrast-enhancing on CT
and/or the presence of percutaneous fluorescence. Second- and third-tier SLNs were
defined as lymph nodes that were not contrast enhanced when the SLN(s) was
identified but were enhanced on subsequent scans. The distance between the injection
site to the right mandibular lymph node was measured and recorded. The degree of
fluorescence intensity was determined based on a semi-quantitative scoring system on
a scale from 0 - 3+ (0 = no fluorescence, 1+ = mild fluorescence, 2+ = moderate
fluorescence, 3+ = marked fluorescence). 26 Videos and images were recorded from the
NIR exoscope. Dogs were then reversed using atipamezole IM.
For all subsequent imaging, dogs were sedated using the same protocol as the
day of the procedure. Repeat CT scans and NIRF of the head and neck were performed
on days 1, 2, 4, 7, and 10 p.i. Daily physical examination and assessment and
documentation of the local injection site were performed. Repeat complete blood count
and serum biochemistry profiles were performed on day 7. Dogs were returned to the
research colony at the conclusion of the study.
4.3.3 Outcome Measures
4.3.3.1 CT Lymphography
Images from the CT scans were reviewed and analyzed using Horos Imaging
Software (v1.1.7, Open Source Licence; Version 3 (LPGL-3.0). Images of the injection
site were evaluated in a transverse plane and bone window (WW: 2000; WL: 350) while
images of the right cervical lymph nodes (mandibular and medial retropharyngeal) were
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evaluated in a multiplanar (transverse, sagittal, and dorsal planes) and soft tissue
window (WW: 400; WL: 40) reconstruction. The number and location of the right
mandibular lymph nodes was recorded. The SLN and time to identification were
recorded.
The injection site was assessed for the following measures:
1. Attenuation of contrast enhancement measured in Hounsfield units (HU) in preand post-injection studies at each time point. This was determined by placing a
representative region of interest (ROI) within a maximally enhancing region of the
injection site and the mean HU was recorded. Three measurements were
performed for each dog at each time point and averaged.
2. The ROI volume of contrast was determined by manually drawing the borders of
contrast enhancement every 2-3 slices moving from rostral to caudal through the
imaging studies at each time point. The mean ROI volume was recorded.
The right cervical lymph nodes (mandibular and medial retropharyngeal nodes) were
assessed for the following measures:
1. Attenuation of contrast enhancement measured in HU in pre- and post-injection
studies at each time point. A representative ROI was placed at a maximally
enhancing region within the lymph node and the mean HU was recorded.
2. The ROI volume of contrast within the lymph node was determined by manually
drawing the outline of each lymph node every 2-3 slices moving from rostral to
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caudal through the imaging studies at each time point. The mean ROI volume of
each lymph node was recorded.
3. The length and height of each lymph node was measured in the sagittal and
dorsal planes at its largest cross-sectional area, respectively. The width of each
lymph node was measured in the transverse plane at its largest cross-sectional
area. These measurements were used to calculate the volume of each lymph
node using the following formula for calculating the volume of an ellipsoid:
𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑎 𝑥 𝑏 𝑥 𝑐 𝑥 4/3𝜋
The lymph node volume of each lymph node at each time point was recorded.
4.3.3.2 NIRF
Images captured from the NIR exoscope were exported to a workstation
(Microsoft Surface, Microsoft Corporation, Redmond, WA, USA) and reviewed using an
open source imaging program (ImageJ). Data collected include the presence of
percutaneous fluorescence of the right mandibular lymphocentrum, time to detection of
the SLN, the presence of percutaneous fluorescent lymphatic tracts, and the degree of
fluorescence of the right mandibular lymphocentrum. The fluorescence intensity at the
injection site was measured by outlining the borders of fluorescence and the corrected
total fluorescence was measured in pixels.26 The velocity of Nanotrast-CF800 was
calculated by dividing the average time to detection of nodal fluorescence from the
average distance.
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4.3.4 Statistical Analysis
Descriptive statistics were used to determine the time to detection of SLNs, the
number of SLNs on CTL, contrast enhancement of the injection site and SLNs, degree
of fluorescence intensity at the injection site and right mandibular lymph node, ROI
volume of the injection site and cervical lymph nodes, and lymph node volume of the
cervical lymph nodes. Categorical variables were measured as proportions (i.e.
presence of percutaneous lymphatic tracts).
For statistical analysis of CT images, the right cervical lymph nodes were
grouped as a single unit (if there were ≥1 SLNs identified) and defined as an overall
SLN. The mean peak HU and time to peak HU was identified for the injection site and
SLNs. Analysis of Variance (ANOVA) of repeated measures was performed to compare
mean contrast enhancement and mean ROI volume at the injection site and SLN
between groups and over time. The mean lymph node volume was also compared
between groups and over time. ANOVA for repeated measures was also used to
determine the mean peak HU at the injection site and SLNs and median peak
fluorescence of the right mandibular lymph node and compared between groups.
A general linear mixed model for binary distribution was used to compare the
degree of fluorescence intensity at the injection site and SLN between groups and over
time. Statistical significance was set as p<0.05.
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4.4 Results
4.4.1 CTL
A summary of findings from CTL is presented in Table 4.1. Sentinel lymph nodes
were identified in all dogs and were detected at 1 minute in 3 dogs, 10 minutes in 2
dogs, and 24 hours in 1 dog. All SLNs identified were ipsilateral to the site of injection.
There was a median of 2 SLNs (range 1-3) identified. The right dorsolateral mandibular
lymph node (DLM) was identified as sentinel in all dogs (Figure 4.1). In 2 dogs, the right
ventromedial mandibular lymph node (VMM) was also identified, and in another 2 dogs,
both the right VMM lymph node and medial retropharyngeal lymph nodes (MRP) were
also sentinel. One dog from group 2 had a parotid lymph node identified as sentinel in
addition to the DLM. Second-tier SLNs were identified in 4/6 dogs at a median of 24
hours p.i. The VMM node was identified in 2 dogs and the MRP in all four dogs. A thirdtier lymph node was identified in only 1 dog, which was the MRP. Contrast attenuation
could be identified within the right DLM at 7 days p.i. in all dogs. By 10 days p.i. 5/6
dogs had contrast visible within the right DLM. Contrast-enhanced lymphatic tracts were
identified in 2/6 dogs and were only identified in group 2 dogs at 1 minute p.i. (Figure
4.2).
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Table 4.1 Summary of general CTL and NIRF results

CTL
Dog

SLN
Time to SLN SLN
Identified Identification Identified
(Y/N)

1

Y

1 min

2

Y

10 min

3

Y

1 min

R DL
mandibular
R DL
mandibular
R DL & VM
mandibular,
R MRP

NIRF
Mean
Mean Mean
SLN
Time to SLN *Degree of
Presence
ROI
ROI
LN
Identified Identification Fluorescence of
Injection LN
Volume (Y/N)
Lymphatic
(cm3)
(cm3) (cm3)
Tracts
(Y/N)
Group 1
Y
8 min
2+
N

0.94

0.27

Y

24 h

2+

N

Y

5 min

1+

N

Y

9 min

1+

Y

Y

5 min

3+

Y

Y

6 min

2+

Y

2.98

Group 2
4

Y

10 min

5

Y

1 min

6

Y

24 h

R DL & VM
mandibular
R DL & VM
mandibular
R DL & VM
mandibular,
R MRP

1.20

0.18

2.14

Abbreviations: DL = dorsolateral; VM = ventromedial; MRP = medial retropharyngeal; LN = lymph node; ROI = region-ofinterest; SLN = sentinel lymph node
*Degree of fluorescence: 0 = none; 1+ = mild; 2+ = moderate; 3+ = marked
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Figure 4.1 Serial cross-sectional CTL images in a transverse plane set in a soft tissue window of
the same dog compared to pre-injection (A). Images B-F demonstrate contrast enhancement
present within the right dorsolateral mandibular lymph node (colored outline) at day 1 postinjection (B), day 2 post-injection (C), day 4 post-injection (D), day 7 post-injection (E), and day
10 post-injection (F).
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HEAD

R

Figure 4.2 Cross-sectional CTL image in a dorsal plane set in a soft
tissue window of a dog in group 2 at 1 minute post-injection
demonstrating the presence of an efferent lymphatic tract (arrow heads)
coursing from the injection site (red dotted outline) to the right
dorsolateral mandibular lymph node (star).
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The overall mean ROI volumes of the injection site were 0.94cm 3 (group 1) and
1.20cm3 (group 2). There was a significant difference in mean ROI volume at all time
points when compared to baseline (p<0.0001); however, there was no significant
difference between groups. The overall mean ROI volume of the cervical lymph nodes
was 0.27cm3 (group 1) and 0.19cm3 (group 2). There was no significant difference
between groups at all time points; however, when mean ROI volume of the lymph node
was analyzed within each group, a significant difference was identified within group 2
starting at day 1 p.i compared to baseline (p<0.05); however, no significant difference
was found within group 1.
The overall peak mean contrast enhancement at the injection site was 910.619
HU (range 697.94-1188.10 HU) at 1 min p.i. and the peak mean contrast enhancement
of the SLNs was 73.98 HU (range 63.45-86.27 HU) at 48 hours p.i. Based on ANOVA
for repeated measures analysis, there was a significant difference in overall mean
contrast enhancement at the injection site and SLNs when compared to baseline. The
mean SLN contrast enhancement within group 1 was 49.96 HU (range 40.15-62.18 HU)
and in group 2 was 57.13 (42.54-71.09 HU). No significant difference in overall mean
peak contrast-enhancement of the injection site and SLN was identified between groups
(p=0.71) (Figure 4.3).
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Figure 4.3 The overall peak mean contrast enhancement of the SLNs was 73.98 HU at 2 days postinjection. There was a significant difference in SLN contrast enhancement at each time point
compared to baseline (p<0.01). There was no significant difference identified between groups
(p=0.71).

4.4.2 NIRF
Fluorescence was detected at the injection site in all dogs at all time points and was
still present at day 10 p.i (Figure 4.4). Using ImageJ analysis, a corrected total
fluorescence measured in pixels was recorded. There was no significant difference in
the overall corrected total fluorescence at each time point.
Percutaneous fluorescence of the right mandibular lymphocentrum was also
detected in all dogs (Figure 4.4). The mean time to detection of SLN was 6.16 ± 0.72
minutes with an overall median fluorescence intensity of 1+ in both groups. Based on a
general linear mixed model, there was a significant difference between degree of
fluorescence and time (p=0.0061) with degree of fluorescence significantly reduced at
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days 7 and 10 p.i. compared to the day of injection (p=0.0027). There was no significant
difference in fluorescence intensity between groups; however, subjectively, the
fluorescence intensity appeared greater in group 2 compared to group 1 immediately
following injection. The velocity of CF800 was 1.4cm/min. In half of the dogs,
fluorescence was still present within the right mandibular lymphocentrum by day 7 p.i.
By day 10 p.i., no dogs had detectable percutaneous fluorescence. The proportion of
fluorescent lymph nodes was 96% up to day 4 p.i. compared to after 4 days (p=0.0015).
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B

E

C

F

Figure 4.4 Serial near infrared fluorescence images using a NIR exoscope. Fluorescence appears as blue
based on the exoscope algorithm and is present at the injection site (A-C) during injection administration
(A), 4 days post-injection (B), and 10 days p.i (C). Images D-F demonstrate percutaneous fluorescence
present at the right mandibular lymphocentrum at day 1 (D) and day 4 p.i. (E). There is no longer
percutaneous fluorescence detected within the right mandibular lymphocentrum at day 10 p.i. (F).
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Percutaneous lymphatic tracts were identified in group 2 dogs only immediately p.i.,
but not in group 1 dogs; however, this difference was not found to be significant
(p=0.13). Percutaneous lymphatic tracts were present in 45% of cases up to 4 days p.i.
compared to after 4 days (6%), which was significant (p=0.04).
4.4.3 Adverse Events
There were no changes in physical examination parameters between baseline
and day 7 p.i. for both groups. Based on complete blood count and serum biochemistry
results, there were no clinically significant abnormalities detected between day 7 and
baseline values. Evaluation of the local injection site revealed mild swelling and
erythema immediately following injection, which resolved within 24 hours.

4.5 Discussion
Our study demonstrates that the submucosal administration of CF800 within the
oral cavity of healthy dogs was feasible and effective for image-guided surgery and
allowed for the use of both preoperative CTL and NIRF modalities for SLN mapping.
Sentinel lymph nodes were identified in all dogs using CTL and NIRF. The
combination of preoperative CTL and intraoperative NIRF for SLN mapping have been
suggested to improve the accuracy for SLN detection in oncologic staging in human
medicine. In both human and veterinary medicine, the combination of CTL with
NIRF16,27 or lymphoscintigraphy and methylene blue dye28, the SLN detection rate
improved to 100%. Preoperative CTL provides rapid imaging of contrast enhanced
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lymphatic tracts and SLNs, as well as, high spatial resolution and anatomic detail, which
is beneficial for surgical planning.6,15–17,27,28 As the SLN may not always be the
ipsilateral regional lymph node, having advanced knowledge of the targeted lymph node
will be important to ensure accurate sampling. When the SLN is far outside of the
standard sampling basin, this information can alter preoperative preparation and
surgical approach, making advanced knowledge critical.6 Preoperative CTL should then
be paired with an intraoperative imaging modality in order to guide the surgeon to the
correct SLN for biopsy as there can often be several within a single lymphocentrum, as
seen with the mandibular lymph nodes.
The majority of dogs (5/6) had detection of contrast-enhanced SLNs based on
CT within 1-10 minutes following local injection within the oral cavity, which is slightly
prolonged compared to previously reported studies. Canine studies investigating
indirect CTL using water soluble iodinated contrast identified SLNs within 1-3 minutes
following local injection despite variations in contrast volume and injection
technique.6,28,29 The difference reported in our study could be associated with the
liposomal nature of the novel contrast agent affecting transit time or other factors that
may have affected lymphatic flow. In one case, the SLNs could not be identified until 1
day p.i. however, it is possible that the SLN would have been identified earlier, i.e.
between 10 minutes and 24 hours p.i., if more frequent imaging studies were
performed. This delayed drainage but later visualization highlights a potential strength of
CF-800. Since the contrast is retained in the SLN for a prolonged period, if a SLN is not
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identified on the immediate scans, there is still the opportunity to have a successful
study on a follow-up scan without requiring re-injection. The overall mean peak contrast
enhancement within the SLN was 73.98 HU which is much lower compared to
previously reported studies. A potential factor contributing to a lower HU may be
associated with the co-encapsulation of iohexol and ICG. These contrast agents may
interfere with each other resulting in decreased contrast-enhancement or fluorescence
intensity, respectively.20 Studies that evaluated iohexol alone for CTL of the head and
neck reported HU ranging between 273.1-375.5 HU.6,15 Despite this marked difference
in mean HU between studies, contrast-enhancement could easily be detected visually
within the SLN in our study and a significant difference in contrast enhancement p.i.
compared to pre-injection was identified.
The mean peak contrast enhancement of the SLN was identified at 2 days postinjection and was retained within the SLN for at least 7 days. This suggests that CTL
can be performed up to 7 days p.i., but may be best detected at 2 days p.i. However, if
CTL fails to identify a SLN by 24-48 hours p.i. then re-injection should be considered
with repeat imaging performed within 24 hours. This finding is similar with other studies,
in which CF800 was evaluated.30,31 In these studies, CF800 was injected intravenously
in a rabbit model and was retained within the primary tumor up to 8 days p.i30 and 10
days p.i.31 Second tier lymph nodes were identified as early as 1 day post-injection, so
the potential for second tier drainage must be considered if there is a prolonged period
between injection and the study.
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In our study, dogs that received a 2 mL volume of CF800 (group 2) had detectable
contrast-enhanced (2/3) and percutaneous fluorescent (3/3) lymphatic tracts compared
to dogs that received a 1 mL volume (group 1). This is an important finding as contrast
uptake within the lymphatic vessels can be traced from the primary tumor to the SLN. In
one study, the specific mandibular LN within the mandibular lymphatic basin could be
determined from CTL based on the draining lymphatic vessels.28 Visualization of the
lymphatic system has allowed for the identification of multiple SLNs, contralateral SLNs,
and SLNs that are located away from the primary tumor6,15 suggesting that the closest
anatomical draining node may not always be sentinel. In addition, the SLN may be
differentiated from second- and third-tier lymph nodes ensuring that the correct node is
identified.
The mean ROI volume of the SLNs was significantly different in group 2 dogs at
days 1-7 when compared to baseline, which may suggest that contrast accumulates
within the SLN. Based on daily physical examinations of the dogs, there was no pain on
palpation of the mandibular lymph nodes (most easily accessible for palpation) that may
be associated with lymph node swelling secondary to contrast accumulation. Based on
our results, the authors recommend using 2 mL of CF800 for local administration to
enhance contrast uptake within draining lymphatic vessels and SLN. The use of this
increased volume improved visualization but there was no increase of second-tier SLN
or evidence of increased morbidity associated with the increased volume.
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The mean time to fluorescence within the SLN was 6.3 minutes, which is similar
to a previous study.25 In our study, retention of fluorescence was demonstrated to be
present in the SLN up to 4 days p.i. Since no studies have evaluated the expected time
of retention of ICG alone, beyond 2 hours it is difficult to directly compare retention
times between ICG alone and CF800 but it is anticipated that retention of CF800 is
significantly prolonged compared to ICG.32 Indocyanine green has a low molecular
weight of 776 Daltons, which may contribute to its rapid transit time within lymphatic
vessels and short retention time within lymph nodes.22 This may cause “spillover” of
contrast into second- and third-tier lymph nodes, which may lead to the misidentification
of these nodes as sentinel. As a result, the recommendation is for ICG to be
administered at the time of surgery to allow for real-time visual guidance and extirpation
of the SLNs.33 This fast transit precludes the ability to perform preoperative imaging and
planning under the same injection. Human studies have investigated combining ICG
with human serum albumin to improve retention time and increased fluorescence
intensity within SLNs; however, no significant differences were identified when
compared to ICG alone.21
Patient positioning has been reported to be a factor that could affect lymphatic
flow of tracer agents. 15,34 Additional factors, such as, endotracheal tube tie placement,
can potentially impede lymphatic flow.29 Townsend et al. evaluated the feasibility of ICG
injected within the oral cavity of healthy dogs.25 Dogs were positioned in right lateral, left
lateral, and dorsal recumbency for evaluation with NIRF and resulted in the identification

165

of fluorescent lymphatic tracts and SLN in all dogs. In our study, dogs were placed in
left lateral recumbency and did not have any physical barriers, such as ties or bite
blocks, that could potentially obstruct lymphatic flow. Percutaneous fluorescence was
detected within the SLN in all dogs in our study. The velocity of CF800 was calculated
at 1.4 min/cm, which is similar to a previous study of healthy dogs injected with ICG
within the oral cavity.25
Liposomes have been suggested to initiate the innate immunity resulting in
hypersensitivity reactions, which have been reported in dogs with IV administration of a
liposome based carrier.37,38 This reaction can manifest as changes to the cardiovascular
system and skin, which are typically mild and transient. Rarely, they can result in severe
cardiopulmonary effects.37 The dogs in this study were monitored for changes in
cardiovascular parameters during administration of CF800 and the injection site was
monitored daily for any local changes. No systemic adverse effects were encountered.
The injection site was noted to be mildly erythemic at the time of injection in all dogs,
but was self-limiting and resolved within 24 hours.
We have demonstrated that CF800 achieves a high SLN detection rate utilizing
both preoperative CTL and intraoperative NIRF with a prolonged retention time. The
application of this novel contrast agent would be advantageous in a clinical setting for
several reasons. Utilizing a dual-modality contrast agent will allow for the administration
of a single injection at the target of interest, thus, reducing/minimizing variations in
injection technique when multimodal SLN mapping techniques are performed. The
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prolonged retention time will allow for these imaging procedures to be performed on
separate days yet still allow for accurate and consistent SLN identification between
modalities.
There are potential limitations associated with this study including the inherent
nature of a preclinical experimental study. Young healthy dogs were used in our study,
thus, results may differ in clinical patients with primary oral tumors, in which lymphatic
drainage may be disrupted due to the presence of neoplastic cells. 36 Cervical
lymphadenectomy was not performed, thus, evaluation for fluorescence uptake within
deeper cervical lymph nodes (i.e. medial retropharyngeal node) was not assessed and it
is likely that as a result we underestimated the fluorescence retention time. Lastly, as
CF800 has not yet been investigated in dogs, a validated dose or volume has not yet
been established.

4.6 Conclusion
The local administration of CF800 has been demonstrated to be a simple and
feasible technique for utilizing preoperative CTL and intraoperative NIRF for SLN
mapping in the oral cavity of healthy dogs with a single injection. The authors
recommend administering 2 mL of CF800 to enhance contrast uptake within the SLN
and lymphatic tracts. Retention of the contrast agent within the SLN was present for at
least 4 days for percutaneous fluorescence and 7 days for CT enhancement. Later-tier
SLNs occurred in 4/6 dogs but did not occur until 24 hours following injection. In one
dog, a 3rd-tier SLN was identified 10 days following injection. CF800 was found to be
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safe to use with minimal to no local adverse reactions. The application of this novel
contrast agent may facilitate preoperative and intraoperative SLN mapping in dogs with
tumors of the head and neck; however, further investigation in clinical patients is
warranted.
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5.1 Abstract
Surgical oncology often requires the use of contrast-enhanced cross-sectional
imaging prior to surgery to characterize solitary tumours and identify sentinel lymph
nodes. Intraoperative optical guidance can effectively aid the surgeon in performing
tissue-sparing tumour excision and locating sentinel lymph nodes. Nanotrast-CF800
(CF800) is a novel dual-modality contrast agent, which co-encapsulates iohexol and
indocyanine green (ICG) within a liposomal nanoparticle. Its use has been developed
for preoperative and intraoperative imaging of solitary tumours and sentinel lymph node
mapping and its efficacy has been demonstrated in preclinical animal models.1 The
objective of this study is to evaluate the safety profile of CF800 following intravenous
administration in healthy dogs. Six purpose-bred research dogs were randomized into
two groups. Group 1 received a low dose (1 mL/kg) and group 2 received a high dose (5
mL/kg). Dogs were placed under general anesthesia and a continuous rate infusion of
CF800 was administered based on group allocation. Variable physiologic parameters
including heart rate, respiratory rate, direct arterial blood pressure, cardiac output, and
temperature were measured at set time points. Plasma concentrations of iohexol and
ICG were measured for pharmacokinetic analysis. Plasma histamine concentrations
were also measured. Dogs underwent whole body computed tomography (CT) scans
pre-injection and at 2- and 7-days post-injection (p.i.). Contrast enhancement was
measured in select organ systems and great vessels at each time point. There were no
significant changes in physiologic parameters following IV infusion of CF800 in all dogs.
Plasma iohexol and ICG concentrations peaked at 1-minute p.i. and a significant
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difference was identified between groups. Plasma histamine concentrations peaked at
30 minutes p.i.; however, there was no significant difference between groups.
Significant contrast enhancement was noted within the liver, heart, aorta, and caudal
vena cava on day 2 p.i., which was significantly different compared to baseline.
Prolonged contrast retention within the liver was identified. Intravenous administration of
CF800 was safe to use in healthy dogs with no significant systemic adverse effects.
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5.2 Introduction
Surgery is the primary modality for the treatment of solitary tumours and can
have a significant impact on patient survival. Surgical oncology often requires the use of
contrast enhanced CT prior to surgery to characterize solitary tumours and determine
their size, location, and extent of disease.2–4 This technique is particularly advantageous
in areas involving critical anatomical structures, such as, the head and neck, to
determine tumour resectability.2–4 In addition, preoperative CT is useful for staging
regional lymph node and distant metastases.5 The ability to improve tumour
visualization and determine SLNs using cross-sectional imaging can influence surgical
performance and may have a positive effect on patient outcome.
Intraoperative optical imaging can effectively guide the surgeon to perform
appropriate tissue-conserving surgeries for tumour excision, which is highly desirable to
minimize patient morbidity while achieving tumour-free margins. The use of nearinfrared fluorescence (NIRF) imaging and indocyanine green (ICG) has been shown to
improve detection of tumour margins and identify metastatic lymph nodes.6–9 Mehta et
al. demonstrated that NIRF imaging of pulmonary tumours resulted in increased surgical
margins between the tumour and resected lung were necessary to achieve clean
margins, compared to surgeon prediction of surgical margins.8 This finding suggests
that precise tumour margins can be determined with the use of intraoperative optical
imaging techniques in order to obtain tumour-free margins and reduce excessive
excision of normal tissue parenchyma.
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A potential limitation associated with preoperative contrast imaging is that
commonly used contrast agents have short half-lives and are rapidly distributed and
excreted.9,10 In addition, timing of injection of fluorescent contrast agents may require
additional hospital visits or prolonged hospitalization. A novel liposomal nanoparticle dualmodality contrast agent, Nanotrast-CF800, was developed to overcome these
challenges.1 CF800 can be utilized for the preoperative and intraoperative visualization
of solitary tumours and SLN mapping by co-encapsulating both iohexol and ICG within a
liposomal nanoparticle. Iohexol is a water-soluble based nonionic contrast agent
commonly used for CT imaging, and ICG is an FDA-approved fluorescent contrast agent.
Both contrast agents are commercially available, clinically approved, and are associated
with minimal adverse reactions in both human and veterinary patients.9,11 Following
intravenous injection, nanoparticles have been found to retain and accumulate in solitary
tumours and metastatic lesions through the enhanced permeability and retention (EPR)
effect.12 This effect occurs as result of increased tumour vascular permeability and lack
of lymphatic drainage, which allows for the selective targeting of nanoparticle agents.12
The liposome capsule is intended to prolong the biological half-life of the
encapsulated contrast agents, which can allow for repeated preoperative CT imaging with
the adjunctive use of intraoperative NIRF imaging via a single preoperative injection.1 In
a preclinical animal model study, tumours and metastatic lymph nodes could be identified
by CT contrast enhancement and intraoperative fluorescence in tumour-bearing mice and
rabbits up to 4 days p.i.1 The authors of that study proposed that the use of this dual
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modality contrast agent could allow for appropriate presurgical planning, as well as, guide
precise tumour resection and SLN identification. This can overall improve patient outcome
by reducing the risk of tumour recurrence and the need for repeated surgical procedures.
In veterinary medicine, challenges associated with evaluation of local and
metastatic disease results in wider surgical margins, which can increase surgical
morbidity. The identification and removal of SLNs is also a growing field of interest. The
authors have conducted a pilot study demonstrating the efficacy of CF800 for SLN
mapping following local administration within the oral cavity of healthy dogs.13 As with
humans, veterinary patients would benefit greatly from access to advanced methods for
diagnosis and intraoperative tumour bed evaluation, resulting in less aggressive surgery
and improved disease-free and survival outcomes.
The purpose of this study is to perform an initial safety evaluation in purposebred research dogs following an intravenous infusion of Nanotrast-CF800. Following
this safety study, a clinical trial will be developed to evaluate the efficacy of this novel
nanoparticle agent in tumour-bearing dogs. The results obtained from these studies will
provide valuable translational information that will impact the human population.
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5.3 Materials & Methods
5.3.1 Animals
Six healthy purpose-bred adult research dogs obtained from a research colony
(Intervivo Solutions, Fergus, Ontario, Canada) were utilized for the study. Dogs were
determined to be healthy and free of disease based on physical examination, a
complete blood count, biochemistry profile and urinalysis. At 48 hours prior to the start
of the study, dogs were administered dexamethasone 0.1 mg/kg IM and
diphenhydramine 2 mg/kg IM to reduce the risk of an anaphylactic reaction. Dogs were
randomized into two groups using a random number generator to receive either a low
dose (1 mL/kg, Group 1) or high dose (5 mL/kg, Group 2) of CF800. A complete blood
count, serum biochemical profile, and urinalysis were performed for all dogs prior to the
injection and on days 2 and 7 p.i.. Dogs were monitored for 10 days following CF800
infusion. At the completion of the study, dogs were returned to the research colony.
5.3.2 CT Imaging
All dogs underwent a whole-body CT scan 24 hours prior to the start of the study
(p.i. day -1). The dogs were sedated using butorphanol 0.1 – 0.3 mg/kg IV and
dexmedetomidine 2 – 5 ug/kg IV. Dogs were positioned in dorsal recumbency and CT
imaging was performed using a 16-slice detector CT (GE Brightspeed CT scanner, GE
Healthcare, Milwaukee, Wisconsin, United States) with data collected using 0.625mm
slice thickness and standardized protocol in helical mode, 0.8 second rotation time,
collimator pitch of 1, 120 kV and 200mAs. Dogs then received an intramuscular injection
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of atipamezole at a volume equivalent to the amount of dexmedetomidine previously
administered and returned to their housing unit. Whole body CT scans were repeated
on days 2 and 7 p.i. using the previous sedation protocol.
5.3.3 Nanotrast-CF800 infusion
On the day of the study (day 0), baseline physical examination and vital
parameters (heart rate, respiratory rate, rectal temperature, and
indirect oscillometric blood pressure) were obtained. A 20 – 22-gauge intravenous
catheter was placed in the right or left cephalic vein. Two milliliters of whole blood
were collected for baseline measurements of iohexol, ICG, and histamine analysis. A
test dose of CF800 was administered slowly at 0.1 mL/kg IV. Vital parameters were
repeated every 5 minutes for a total of 15 minutes and any changes were recorded. An
additional 2 mL of venous whole blood was collected 5 minutes following the test dose
injection for iohexol and ICG analysis. Dogs were then premedicated using
hydromorphone 0.05 mg/kg IV. General anesthesia was induced using propofol 1 – 4
mg/kg IV titrated to effect. Dogs were intubated using a cuffed endotracheal tube
and general anesthesia was maintained using isoflurane delivered on 100% oxygen
with an end-tidal isoflurane concentration (ETISO%) of 1.3%. Following anesthetic
induction, a 16-gauge indwelling double lumen jugular catheter (MILA International Inc.,
Brampton, Ontario, CA) was placed in either the right or left jugular vein and bandaged
in place. An arterial catheter was placed using a 22-gauge needle in the left or
right dorsal pedal artery. Intermittent positive pressure ventilation was provided at a rate
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of 8-10 breaths per minute and tidal volume (TV) of 10-15mL/kg in order to maintain an
end-tidal CO2 of 35 to 45 mmHg. Dogs received intravenous isotonic crystalloid fluid
therapy (Plasmalyte) at a rate of 5mL/kg/hr.
Nanotrast-CF800 was infused at an initial rate of 5 mL/hr. The rate doubled every
15 minutes until infusion of the total volume was completed (determined based on group
allocation). Group 1 dogs completed the infusion in 45 minutes and group 2 dogs
completed the infusion in 75 minutes. A multiparameter monitor (Datex-Ohmeda S/5
Anesthesia Monitor; GE Healthcare, Helsinki, Finland) was used to record heart rate
and rhythm (ECG), respiratory rate, end-tidal carbon dioxide (ETCO2), ETISO%,
esophageal temperature, peripheral pulse oximetry (SpO2), indirect blood pressure,
systolic (SAP), diastolic (DAP), and mean (MAP) arterial pressures, tidal volume, and
peak inspiratory pressures. Dogs were monitored using an electrocardiogram, direct
arterial blood pressure, pulse oximeter, and temperature. Tachycardia was defined as a
heart rate > 160 bpm and bradycardia was defined as a heart rate < 50
bpm. Hypotension was defined as a mean arterial pressure of < 60 mmHg and/or
systolic pressure of < 90 mmHg. Cardiac output was measured every 15 minutes using
a lithium dilution cardiac output monitoring system (LiDCO Ltd, Lake Villa, IL,
USA). Other cardiorespiratory and physiological parameters were recorded every 5
minutes up to 30 minutes after the completion of the infusion. In addition, 2 mL
of venous whole blood was collected from the jugular catheter every 15 minutes
for histamine analysis. Blood samples for histamine analysis were placed
in heparinized tubes and immediately spun in a refrigerated centrifuge at 3000rpm
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at 4°C. For each sample, plasma was separated and placed in cryotubes in 0.5 mL
aliquots. The cryotubes were stored in a freezer at -80°C until assay. Following
completion of the study, dogs were recovered from anesthesia. The arterial
catheters were removed, and dogs were returned to their housing unit.
5.3.4 Plasma Iohexol and ICG Analysis
Daily physical examinations were performed on all dogs for a total of 9-10 days
post-infusion. Two milliliters of venous whole blood were collected from the indwelling
jugular catheter daily. Blood samples were placed in heparinized tubes and immediately
spun in a refrigerated centrifuge at 3000rpm at 4°C. For each sample, plasma was
separated and placed in cryotubes in 0.5 mL aliquots. The cryotubes were stored in a
freezer at -80°C until assay. The samples were then shipped to an external lab for
measurement of plasma iohexol and ICG concentrations.
5.3.5 Histamine Concentration Assay
Histamine concentrations were measured from collected plasma samples using
a commercialized enzyme immunoassay (EIA) Histamine Kit (Immunotech s.r.o,
Prague, Czech Republic) according to the manufacturer’s recommendations. The
assay has an analytical sensitivity of 0.057 ng/mL. Briefly, an acylation reagent,
conjugate solution, wash solution, and substrate solution were
prepared. Plasma samples were thawed at room temperature and
200 uL of plasma from each sample were placed into separated centrifuge tubes then
mixed with 50 uL of acylated reagent. Using a 96 well plate, the provided control sample
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and calibrated samples (0 nM, 1.3 nM, 3.6 nM, 12 nM, 35 nM, and 100 nM) were placed
into individual wells followed by the plasma solution. Plasma samples were performed in
triplicates. Conjugate solution was added to each well then, the samples incubated for 2
hours at 2-8 °C with shaking (350 rpm). Following incubation, the plate was washed with
the wash solution three times. An additional 200 uL of conjugate was added to each
well and the samples incubated for 30 minutes at room temperature with shaking in the
dark. A stop solution was then added to each well. The plate was run through a
microplate reader (Epoch 1310285, V. 2.04.11, BioTek Instruments Inc, Winooski, VT,
USA) at a wavelength of 405 nM and the results displayed in an Excel worksheet
(Microsoft Excel 2002, Microsoft Corporation, Washington, USA)
For three samples, the resultant concentrations exceeded 100 nM, thus, further
dilutions were performed in order to obtain an absolute number. This was performed by
diluting the plasma sample in bovine serum albumin solution (40mg/ml; Sigma-Aldrich
Co, St Louis, MO) to create a 1:10 dilution as per the procedural instructions provided
with the histamine kit. The sample was then prepared as previously described and run
through the microplate reader. Results were provided in nM (nmol/L) units, which was
converted to ng/mL by dividing nmol/L units by 9.
5.3.6 Image Analysis
All CT images were analyzed using AGFA Enterprise Imaging Platform (Agfa
Healthcare N.V, Mortsel, Belgium). Evaluation of the liver, spleen, heart, aorta, and
caudal vena cava were performed at each time point in a soft tissue window
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reconstruction (WW:400 WL:40) and axial plane. For evaluation of the liver, a region-ofinterest (ROI) measuring 1.5cm2 was manually drawn in each hepatic division (left,
central, and right) within the parenchyma in a region that was devoid of blood vessels or
focal lesions. Measurements were performed in 3 separate slices minimizing variation in
ROI placement (total of 9 measurements per scan). Evaluation of the spleen was
performed similarly to the liver but utilizing two ROIs (total of 6 measurements per
scan). Measurements were performed based on a previous study.11 Evaluation of the
heart was performed using a 1.5cm2 ROI within the left ventricle taking care to avoid the
ventricular wall. The aorta and caudal vena cava were evaluated with an ROI of 0.5cm 2
at the level of the heart and diaphragm, respectively. Data recorded included the
minimum, maximum, mean, and standard deviation measured in Hounsfield Units (HU).
The mean contrast enhancement for each organ at each time point was
determined. The percentage of contrast enhancement within each organ compared to
the pre-injection image was calculated by using the following formula:11

% 𝐶𝑜𝑛𝑡𝑟𝑎𝑠𝑡 𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 =

𝑃𝑜𝑠𝑡𝑐𝑜𝑛𝑡𝑟𝑎𝑠𝑡 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 − 𝑃𝑟𝑒𝑐𝑜𝑛𝑡𝑟𝑎𝑠𝑡 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
𝑥 100
𝑃𝑟𝑒𝑐𝑜𝑛𝑡𝑟𝑎𝑠𝑡 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

5.3.7 Statistical Analysis
Continuous descriptive data was used to calculate mean +/- SD for normally
distributed data. Shapiro-Wilk, Kolmogorov-Smirnov, Cramer-von Mises, and AndersonDarling tests were used to assess for normality. A logit transform was performed on
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data that were not normally distributed. For percentage data, logit transform was also
performed to meet the assumptions of normality. Analysis of variance (ANOVA) for
repeated measures was used to determine any differences in mean iohexol, ICG, and
histamine concentrations between groups and over time. For statistical comparison,
only time intervals which had measured values for both groups were included. ANOVA
for repeated measures was used to determine any differences in mean contrast
enhancement between organ systems at each time point and between groups. Tukey
and Dunnetts adjustments were performed for pairwise comparisons. Percent contrast
enhancement between groups and over time was also determined using ANOVA for
repeated measures. A general mixed linear regression model was used to evaluate for
an association between histamine concentration and mean arterial pressure and cardiac
output between groups and over time.
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5.4 Results
5.4.1 General
Six healthy purpose-bred research dogs were utilized for this study. All dogs were
intact female Beagles. The overall mean body weight was 9.78 kg (range 8.911.3kg) and the median age was 2 years. All dogs completed the study and received
the total dose based on group allocation. During administration of the IV test dose of
CF800, all dogs exhibited mild to moderate sedation and hypersalivation, which
spontaneously resolved within minutes. There were no changes in vital parameters
(heart rate, respiratory rate, indirect blood pressure, and body temperature).
5.4.2 Plasma Iohexol, ICG, and Histamine Concentrations
The overall mean plasma iohexol, ICG, and histamine concentrations were
determined for each group and at each time point (Figure 5.1). The mean iohexol and
ICG concentrations significantly differed between groups and over time (p<0.0001). The
mean iohexol concentration peaked at day 1 p.i. and was significantly higher in group
2 (7394.04 μg/mL; range 7057.22-7730.85 μg/mL) compared to group 1 (1596.75
μg/mL; range 1259.91-1933.54 μg/mL) (p<0.0001). Similarly, the mean ICG
concentration peaked at day 1 p.i. and was significantly higher in group 2 (2147.06
ng/mL; range 2053.28-2240.85 ng/mL) compared to group 1 (459.68 ng/mL; range
365.90-553.46 ng/mL) (p<0.0001). Plasma histamine concentrations peaked at 30
minutes p.i. in both groups (Group 1 = 2.12 ng/mL; range 1.11-4.04 ng/mL, Group 2
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= 9.42 ng/mL; range 4.93-18.01 ng/mL), which was significantly increased compared to
baseline and between groups (p < 0.0001).

a

b

c
Figure 5.1 Graphical representation of plasma iohexol (a), ICG (b), and histamine (c) concentrations
over time and between groups. Group 1 (■) Group 2 (●). * indicates significance (p<0.0001) between
groups on Day 1 post-injection (a, b) and compared to baseline at 30 minutes post-injection (c).
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A general mixed linear regression model was used to determine the relationship
between plasma histamine concentration with cardiac output and mean arterial
pressure. There was no association between histamine and cardiac output identified (p
= 0.06). However, there was a positive association between histamine and mean arterial
pressure and this was significant (p = 0.0009). For every logarithmic unit increase in
histamine, mean arterial pressure also increased (slope = 0.028) (Figure 5.2).

a

b

Figure 5.2 Correlation between overall histamine concentration and mean arterial pressure (a) and
cardiac output (b).
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5.4.3 CT Image Analysis
Contrast enhancement within selected organs of each group is illustrated in
Figure 5.3. The overall mean HU significantly differed over time and was significantly
greater at 2 and 7 days p.i. compared to baseline (p<0.0001). There was no significant
difference in mean HU between groups (p=0.6). The overall percent enhancement was
significantly different over time (p<0.0001); however, there was no difference between
groups (p=0.6). Group 1 dogs had a 15.2% increase in contrast enhancement at
day 2 compared to baseline while group 2 dogs had a 27.5% increase in contrast
enhancement at day 2.
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Pre-injection
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Day 2

Figure 5.3 Mean contrast enhancement within select organs over time and between groups (left). CT
images in the axial plane and soft tissue window (WW:400; WL:40) at day 2 post-injection from the same
dog in group 2 (right). * indicates significance between day 2 and baseline (day -1); ** indicates
significance between day 7 and day 2.

When organ systems were compared over time, there was a significant increase in
contrast enhancement within the liver, heart, aorta, and caudal vena cava at day 2
compared to baseline. At day 7 p.i., contrast enhancement within the heart, aorta, and
caudal vena cava was significantly decreased compared to day 2 p.i. whereas there
was no difference within the liver and spleen. These values are summarized in Table
5.1.
Table 5.1 Mean contrast enhancement within select organ systems over time

Day

Liver

Spleen

Mean (HU)
Heart

-1
2
7

62.92
78.52*
73.68

67.07
74.65
69.01

46.93
67.75*
44.67**

Aorta
41.95
62.48*
45.84**

Caudal
vena cava
44.17
72.26*
38.67**

*indicates significance when value is compared to value at baseline (Day -1)
**indicates significance when value is compared to value Day 2

5.4.4 Adverse Events
The effects on heart rate, temperature, arterial blood pressure, and cardiac output
are summarized in Table 5.2. All dogs had a normal heart rate and normal
electrocardiogram with sinus rhythm. All dogs were normotensive, except for 2 dogs, in
which mild hypotension was observed. There were no significant differences in arterial
blood pressure, heart rate, body temperature, or cardiac output between groups or over
time. No generalized external abnormalities, such as facial swelling, urticaria,

194

wheals, or hyperemia were identified during CF800 infusion or throughout the study
period. There were no clinically significant abnormalities in laboratory data.
Table 5.2 Summary of mean ± SD cardiovascular parameters for each group during NanotrastCF800 infusion.

Time (min)

Heart Rate
(bpm)

0
15
30
45

85.6 ± 5.1
73 ± 6.2
75.3 ± 8.6
81 ± 26.1

0
15
30
45
60
75

104.3 ± 11.7
92.6 ± 15.0
72 ± 15.5
76.6 ± 23.5
75.6 ± 19.6
82.3 ± 22.4

Mean arterial
pressure
(mmHg)

Systolic
arterial
pressure
(mmHg)
Group 1
73 ± 17.3
109.3 ± 26.5
64.3 ± 7.0
92.3 ± 9.7
73.3 ± 24.0
97.3 ± 18.15
65 ± 12.3
94.6 ± 15.7
Group 2
70 ± 10.8
94.3 ± 13.5
65.3 ± 8.4
97.3 ± 14.3
60.3 ± 9.6
96 ± 13.7
61 ± 5.3
97.6 ± 8.7
62.3 ± 9.7
98.3 ± 11.8
76 ± 30.4
112.6 ± 43.8

Diastolic
arterial
pressure
(mmHg)

Cardiac
output
(L/min)

57.6 ± 13.3
53 ± 7.9
51.6 ± 11.1
52 ± 9.6

1.07 ± 0.17
0.99 ± 0.10
0.96 ± 0.15
0.88 ± 0.03

58 ± 10.4
52.3 ± 6.8
47 ± 8.0
49.3 ± 6.6
48.6 ± 8.6
60.6 ± 25.6

1.29 ± 0.28
1.07 ± 0.15
1.04 ± 0.36
1.04 ± 0.60
1.13 ± 0.61
1.02 ± 0.20

5.5 Discussion
The overall findings from this study demonstrate that the intravenous
administration of CF800 was associated with no systemic adverse events in healthy
dogs. Liposomes and lipid-based nanoparticles have been reported to stimulate the
innate immunity through activation of the complement system. This subsequently
induces inflammatory cells, such as, mast cells, basophils, and platelets, to release
vasoactive mediators, including histamine.14,15 In humans and animal models, activation
of complement by liposomes can affect the cardiovascular, respiratory, and cutaneous
systems. In dogs, hemodynamic changes (tachy- and bradyarrhythmias, hypo- and
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hypertension), transient clinicopathologic abnormalities (leukopenia, thrombocytopenia),
and occasional skin reactions have been reported.15 Rarely, anaphylactic reactions
have been reported in humans.16 In preclinical studies in laboratory animals, no
systemic adverse events were observed following intravenous injection of CF800.1,17–20
In our study, cardiovascular parameters were evaluated for any abnormal changes
during contrast infusion; however, no significant changes were identified.
The histamine concentration was higher in group 2 dogs compared to group 1
dogs. The histamine concentration was demonstrated to peak at 30 minutes following
CF800 infusion in both groups then sharply decline; however, no corresponding
changes in cardiovascular parameters occurred during this time. Drug-induced
histamine release and its effects on variable physiologic parameters has been
evaluated in dogs receiving morphine16,21,22 and muscle relaxants22. Studies in dogs
receiving morphine reported variable histamine concentrations; however, dogs receiving
a higher dose of morphine had significantly higher histamine release compared to
histamine concentrations in our study. In addition, histamine release was associated
with minimal cardiovascular abnormalities.16,21 To the authors’ knowledge, the
evaluation of histamine release following the administration of liposomal nanoparticles
has not been previously reported.
Only 2 dogs exhibited mild hypotension during infusion of CF800. One dog was
from group 1 and had a mean systolic arterial pressure of 79.4 mmHg (range 66-89
mmHg) and mean arterial pressure of 53.8 mmHg (range 45-62 mmHg). The second
196

dog was from group 2 and had intermittent episodes of mild hypotension at 5, 20, 30,
35, and 45 minutes during infusion. The most common cardiovascular side effects
associated with significant histamine release are vasodilation and tachycardia., In
humans and dogs, normal plasma histamine concentration ranges between 0.2-1.4
ng/mL23 and up to 0.8 ng/mL16, respectively. Increased histamine concentrations were
associated with dose-related hypotension following administration of muscle relaxants
and morphine in dogs in one study.22 In another study of dogs16, maximal plasma
histamine concentrations were 9.7 ng/mL and 589 ng/mL following high doses of
hydromorphone (0.2 mg/kg IV) and morphine (1.0 mg/kg IV), respectively. All dogs
remained normotensive throughout the study; however, 1 dog exhibited moderate
hypotension corresponding with histamine concentrations of 589 ng/mL.16 In our study,
the maximum plasma histamine concentration in all dogs was 44.08 ng/mL and this was
not associated with hypotension or any other cardiovascular side effects. The mild
hypotension exhibited by the two dogs could be associated with isoflurane anesthesia
and lack of stimulus. Thus, administration of CF800 with the doses used in our study did
not appear to stimulate a high enough histamine release to cause significant changes in
physiologic parameters in these dogs.
Interestingly, a positive relationship between histamine concentration and mean
arterial pressure was identified. This finding is contradictory to previous studies in which
an increasing plasma histamine concentration was associated with hypotension. 16,22
Histamine can stimulate adrenal secretion of epinephrine, as well as, has a positive
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effect on chronotropic and inotropic cardiac effects with an overall increase in cardiac
output.16 This effect is less likely in our study as sympathetic nervous response may be
diminished in anesthetized dogs. It is possible that this finding could be due to low
statistical power and further investigation in a larger sample size is warranted.
All dogs exhibited mild to moderate sedation and nausea during the test dose of
CF800, which was short-lasting (several minutes) and spontaneously resolved without
intervention. These clinical signs could have been associated with mild histamine
release. To the authors’ knowledge, this is not a previously reported adverse effect of
CF800 or liposomal nanoparticles since published studies have been performed on
anesthetized subjects at the time of contrast administration. If CF800 will be
administered in the awake patient, administration of an anti-emetic medication could be
considered to manage the effects of nausea.
Iodinated contrast agents and ICG have small molecular weights and are rapidly
distributed and excreted, which prevents the ability to perform longitudinal imaging
studies and repeated contrast administration is necessary.24 Liposomes have a larger
molecular weight, which allows for prolonged retention within the vascular system and
decreases its volume of distribution.24 Published studies have consistently
demonstrated the prolonged vascular half-life of liposome encapsulated contrast
agents, including Nanotrast-CF800, in preclinical animal models ranging from 18 – 72
hours.1,17–20 Vascular half-life of the contrast agent can be determined by measuring
ROI within the aorta or left ventricle, which correlates with serological half-life.1,20 Taking
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this into account, the overall contrast enhancement within the aorta and left ventricle
occurred at day 2 p.i. in our study, which is consistent with the results of previous
studies.1,17,20
Contrast enhancement was detected on CT images within the liver, heart, aorta,
and caudal vena cava at 2 days p.i., which was significantly different from baseline.
Contrast enhancement was noted within the spleen at this time; however, this finding
was not significant. It is important to note that an increase in contrast enhancement from
baseline was only observed in 3/6 dogs (1 dog from group 1 and 2 dogs from group 2).
Furthermore, contrast enhancement was still present within the liver at day 7 p.i. This is
longer than previous studies, which report the visualization of contrast enhancement in
preclinical animal model studies between 1 to 4 days p.i. of CF800.1,17,20 Contrast
enhancement was significantly decreased within the heart, aorta, and caudal vena cava
at day 7 p.i. compared to day 2 p.i. This could reflect the redistribution and/or excretion
of the nanoparticle throughout the blood stream. These findings demonstrate that
CF800 accumulates within various organ systems, particularly the liver, allowing for
prolonged retention of the agent and identification of contrast enhancement.
A limitation of this study included a small sample size, as these small numbers
may affect the power for statistics demonstrated by the positive correlation between
histamine and MAP. In addition, this study was performed on healthy research dogs,
thus, pharmacokinetics of CF800 and the development of systemic adverse effects may
differ in oncologic patients. Patients with cancer are typically middle to older aged
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animals and may have concurrent morbidities, which could affect the distribution and
excretion of the contrast agent. Studies evaluating CF800 demonstrate CT contrast
enhancement within the primary tumour between 24-96 hours p.i.1,20 In our study, CTL
was performed at 2 and 7 days p.i. Additional time points for CTL performed closer to
the time of injection would be useful to better determine the earliest time to detection of
contrast enhancement, as well as to confirm peak contrast enhancement. Based on
peak mean plasma concentration of iohexol at 1 day p.i, it would have been interesting
to correlate this finding with its contrast attenuation on CTL images.
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5.6 Conclusion
This study demonstrates that the intravenous administration of Nanotrast-CF800
was safe to use in healthy dogs at the reported doses. The higher dose should be
considered as this may provide enhanced contrast images. Prolonged contrast
enhancement was demonstrated within the liver at 7 days p.i.. While fluorescence is
anticipated to parallel contrast enhancement, evaluation of fluorescence detection using
NIRF was beyond the scope of this study and was not performed. Future investigations
aim to utilize CF800 in the clinical setting with evaluation of CTL and NIRF imaging for
cancer surgery dogs.
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CHAPTER VI:
6.1 General Discussion and Conclusions
Overview and rationale for the use of NIRF for SLN mapping in dogs
Sentinel lymph node mapping with SLN biopsy has become standard practice in
many institutions for staging early-stage breast cancer, cutaneous melanoma, and head
and neck cancers, such that practice guideline recommendations have been published
(Lyman et al. 2017, Gradishar et al. 2017, Wong et al. 2018). This minimally invasive
practice for locoregional staging has sparked interest in veterinary oncology and the
rationale is based on the demonstration of high SLN detection rates and SLN prediction
of metastatic disease in human medicine (Tuohy et al. 2009, Beer et al. 2018). The
ability to perform SLN biopsy has been demonstrated to reduce patient morbidity and
convalescence; thereby, reducing the need to perform radical lymph node dissections
(Mansel et al. 2006, Murer et al. 2010, Ashikaga et al. 2010, Garrel et al. 2020).
Near infrared fluorescence imaging with ICG provides real-time intraoperative
optical guidance for SLN mapping. This modality has resulted in high SLN detection
rates with low false negative rates for staging breast cancer (Krag et al. 2010, Veronesi
et al. 2010, Canavese et al. 2016) and head and neck tumours (Civantos et al. 2010,
Yamauchi et al. 2015, Liu et al. 2017, Kim et al. 2019). Minimal to no adverse events
have been reported following administration of ICG. There are no reports in the
veterinary literature that describe the clinical application of NIRF ICG for SLN mapping.
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The objective of this thesis research was to describe NIRF ICG for SLN mapping in
dogs and evaluate a potential novel agent to improve the technique.
The first study evaluated NIRF in combination with preoperative CTL and
intraoperative ICG + MB for SLN mapping in dogs with oral tumours. We found that
NIRF ICG achieved a 100% SLN detection rate and identified a greater proportion of
SLNs compared to the other modalities. Our findings are similar to human studies in
which NIRF SLN mapping resulted in SLN detection rates of ≥98%, suggesting that this
can be a reliable method for SLN mapping in companion animals (Ballardini et al. 2013,
Verbeek et al. 2014, Zhang et al. 2016). While NIRF and ICG is highly accurate for
detecting metastatic SLNs in breast cancer patients (Murawa et al. 2009, Hirche et al.
2010), we were unable to demonstrate accuracy in our study due to the lack of positive
metastatic SLNs in which only 1/57 SLNs was positive.
Near infrared fluorescence imaging identified more SLNs compared to CTL and
MB, which is consistent with findings from other studies (Sugie et al. 2013, Guo et al.
2017, Shen et al. 2017). In our study, NIRF ICG identified a median of 3.5 SLNs
compared to 2 SLNs for MB and CTL. This higher number has been regarded as a
potential limitation of ICG as it suggests that the tracer becomes rapidly distributed
throughout the lymphatic system and can, therefore, spill over into higher-tiered nodes
(Hutteman et al. 2011, Guo et al. 2017). Despite this rationale, the difference in SLNs
identified by ICG compared to other modalities will likely have little clinical relevance
and may not increase patient morbidity (Guo et al. 2017).
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The degree of SLN fluorescence based on semi-quantitative data was moderate
indicating that approximately 50% of the lymph node surface was fluorescent. The use
of an intraoperative scoring system has not been previously reported. We elected to
utilize a semi-quantitative scoring system to provide more measurable data to determine
the pattern of distribution of fluorescence throughout the lymph node. It would also be
an indication of ICG uptake within the SLN and may help differentiate between the SLN
with non-SLNs. This method was modified based on a semi-quantitative method for
assessing the degree of methylene blue staining in SLNs (Ram et al. 2020).
The combination of preoperative CTL with intraoperative lymphography (NIRF +
MB) resulted in a 100% SLN detection rate compared to CTL and MB alone (92%).
Previous studies have suggested that a combination of modalities may optimize the
accuracy for SLN detection (Yamamoto et al. 2016, Rossi et al. 2018, Ishiguro et al.
2020). Preoperative CTL allows for surgical planning and provides spatial anatomical
information while NIRF provides intraoperative optical guidance for SLN biopsy.
Information obtained from both modalities can provide a comprehensive understanding
of the patient to optimize their surgical management while reducing morbidity.
A fair level of agreement was identified between CTL and intraoperative
lymphography. While there were two dogs that did not have SLNs identified by CTL, all
SLNs that were contrast-enhanced on CTL were identified with NIRF. These findings
are similar to previous studies of human oral cancer suggesting that NIRF SLN mapping
corresponds with the contrast-enhanced SLN identified preoperatively (Sugiyama et al.
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2019, Ishiguro et al. 2020). In addition, although anatomical differences in cervical
lymphocentrums between humans and dogs exist, these findings demonstrate that CTL
and NIRF can be used for both species with similar success rates.
A combination of preoperative CTL and intraoperative ICG has limitations due to
the need for 2 separate injections. In addition, ICG lacks specificity and is rapidly
diffused. To address these limitations, nanoparticle dual-modality imaging agents have
recently been investigated to aid in the surgical excision of a primary tumour and SLN
mapping. Nanotrast-CF800 is a liposomal nanoparticle that co-encapsulates iohexol
and ICG which allows for preoperative CTL and intraoperative NIRF to be performed
with a single injection. We found that CF800 resulted in contrast enhanced SLNs
identified by CTL up to 7 days post-injection following local administration within the oral
cavity in healthy dogs. In addition, percutaneous fluorescence within the SLN was
identified up to 4 days post-injection following local administration of CF800 within the
oral cavity of healthy dogs. A significant difference in contrast attenuation and
fluorescence from baseline was identified. Furthermore, prolonged retention of CF800
within tissues, particularly the liver, following intravenous administration was
demonstrated. These findings are consistent with previous studies of experimental
animal models in rabbits and porcine, and validate the results of these studies (Zheng et
al. 2015, Hu et al. 2019, Muhanna et al. 2020).
Self-limiting, minor adverse events were identified following local administration of
CF800 within the oral cavity of healthy dogs and following intravenous administration.
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Localized swelling and erythema from direct injection of CF800 within the oral cavity
was observed and resolved by 24h post-injection. Dogs receiving a test dose following
slow intravenous administration of CF800 developed mild sedation and nausea, which
spontaneously resolved after several minutes. A significant increase in plasma
histamine concentrations was observed at 30 minutes post-injection compared to
baseline in groups of dogs receiving either a low or high dose of CF800 IV; however,
this did not appear to correlate with clinically significant cardiopulmonary changes. Local
and systemic adverse events have not been consistently reported in previous studies
evaluating CF800 IV. Wada et al. reported no evidence of toxicity in their sample
population of rabbits; however, specific changes in cardiovascular parameters were not
recorded (Wada et al. 2019). In contrast, transient regional erythema and tachycardia
developed in two healthy pigs following intravenous CF800 (Hu et al. 2019). Liposomes
can activate the complement system inducing hemodynamic changes; anaphylaxis has
been rarely reported in humans (Szebeni et al. 2007, Szebeni et al. 2011). For this
reason, dogs receiving intravenous CF800 also received an anti-inflammatory dose of
corticosteroids, as well as diphenhydramine 48 hours prior to injection. Although a peak
in histamine concentration was observed, this finding was not associated with changes
in cardiac output. A positive correlation between histamine and mean arterial pressure
was identified; however, this was likely due to low statistical power resulting from small
sample size. Furthermore, the highest concentration of plasma histamine was 44.08
ng/mL, which was lower than plasma histamine concentration of 589 ng/mL that
induced cardiovascular changes in dogs receiving morphine (Guedes et al. 2007).
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In conclusion, NIRF results in high SLN detection rates and is an acceptable
modality for SLN mapping in dogs. To optimize outcomes of SLN mapping, NIRF should
be combined with a preoperative SLN modality such as CTL; however, the accuracy for
identifying metastatic SLNs has yet to be determined and requires further investigation.
We have demonstrated that Nanotrast-CF800 may offer a potential role as an
alternative dual-modality lymphatic imaging agent for SLN mapping in healthy dogs. The
local and intravenous administration of CF800 was safe to use in healthy dogs and can
continue to be investigated in tumour-bearing dogs. In addition, we have demonstrated
that CF800 was an effective lymphatic tracer using CTL and NIRF and resulted in a
prolonged retention time within select organs and lymph nodes.
Future areas of research
Our studies have contributed to the current limited body of literature pertaining to
the use of NIRF for SLN mapping in dogs. Indeed, there is still a lot of research that is
required to further validate these results and the use of this imaging modality in
veterinary oncology. Thus far, there is consistent evidence to support that NIRF can
achieve high SLN detection rates in dogs; however, its accuracy in predicting metastatic
disease has yet to be determined. Human studies provide randomized clinical trials with
large sample sizes allowing for inclusion of a larger proportion of metastatic SLNs. From
this data, sensitivity, negative predictive value, and accuracy can be calculated, which
provides an objective measure on the accuracy of NIRF for detecting metastatic SLNs.
Future research should continue to investigate the application of NIRF SLN mapping for
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tumour staging in dogs with inclusion of a larger sample population and/or performing a
multi-institutional study to increase the sample size. This can allow for objective
outcomes including sensitivity, accuracy, and false negative rates to be determined.
This research introduces CF800, a novel dual-modality nanoparticle contrast
agent, in healthy dogs. Administration of a single injection of this agent can allow
preoperative CTL and intraoperative NIRF imaging studies to be performed for tumour
localization and SLN mapping. Consistent results in preclinical experimental animal
model studies have demonstrated that CF800 is effective for CTL and NIRF imaging
studies; however, its use has not yet been evaluated in a clinical setting. Our research
has shown that CF800 is safe to use in healthy dogs following both local and
intravenous administration. Based on our results, the evaluation of CF800 for
performing preoperative CTL and intraoperative NIRF SLN mapping can be applied to
tumour-bearing dogs.
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