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Abstract: Lymph node status is an important prognostic factor in multiple oncologic conditions
in humans and companion animals. In addition, the resection of the affected nodes can have a
substantial therapeutic effect on various cancer subtypes in both species. Given the impact on
prognosis and management, it is paramount to identify and remove affected nodes. While this
can be achieved by removing predefined patterns of nodes (regional lymphadenectomy/resection
of defined lymphatic stations), modern approaches increasingly utilize sentinel node mapping to
identify the draining nodes to decrease the mortality of lymphadenectomies. Recent studies have
shown that dogs have more comparable anatomy of the lymphatic system to humans than other
animal models such as rodents or pigs. Given the fact that dogs develop spontaneous cancer types
that share several similarities to their human counterparts, they represent a valuable translational
model. The management of the lymphatic basin and sentinel node mapping have gained increased
attention in veterinary surgical oncology in recent years. The present review aims at summarizing
the resulting findings and their impact on patient management.

Keywords: staging; therapeutic lymphadenectomy; NIR lymphography; lymphoscintigraphy; CT
lymphography; AGASAC; mammary tumor; mast cell tumor; canine head and neck cancer

1. Introduction

Lymph node (LN) status is an important prognostic factor for the staging of various
cancers in human and veterinary medicine, and the resection of metastatic nodes can
improve outcomes in selected cancer types [1–6]. Virchow and Halsted already recognized
the importance of the lymphatic system serving as a major barrier for cancer cells [7,8].
Initially, it was assumed that the closest regional LNs were the first sites to be affected by
metastases, and the radical resection of the tissue surrounding the tumor was advocated to
include all regional nodes [7]. Radical surgical resections of the lymphatic basin remained
the unchanged treatment of choice for certain tumors in human surgical oncology until
the mid-20th century, when sentinel lymph node (SLN) mapping and more selective
lymphadenectomies evolved for several cancer types, including malignant melanoma,
breast, vulvar, and cervical cancers [9].

Thus far, a potential therapeutic advantage of lymphadenectomy in companion ani-
mals has only been advocated in a few cancer types [1]. One problem in the assessment
of the impact of lymphadenectomies in various cancers in veterinary patients is that, to
date, no generally accepted resection routine exists for most conditions. In most settings,
LNs are resected if they appear enlarged or structurally altered [10–12], although studies
have repeatedly shown that the size of the lymph node is no predictor of nodal involve-
ment [13–15]. Alternatively, the resection of RLN is performed, involving the removal of a
single LN rather than entire lymphatic stations [1]. These approaches are generally poorly
standardized and most certainly lead to the undertreatment of potentially affected LNs.
Recently, SLN mapping has gained increased attention. This could serve to establish more
standardized approaches that will allow the comparative validation of the impact of the
resection of metastatic LNs in veterinary surgical oncology in the future.
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2. Comparative Anatomy of the Canine and Human Lymphatic System

With an increase in the size of the species of interest, the lymphatic system becomes
more complex with more individual LNs and more complex architecture [16]. Humans
have around 450 LNs, whereas mice have only about 22 [16]. Dogs are in between, with
many more nodes than mice but still fewer than humans [17,18]. The most exhaustive
description of the lymphatics of dogs was presented by Professor Baum at the Institute of
Veterinary Anatomy of the University of Leipzig, in 1918 [17]. He was able to identify a
complex draining map including the description of the draining LNs, and he was the first
to describe the considerable individual variation between individual dogs regarding the
number of LNs per station [17].

Recently, Suami’s group conducted detailed research on comparative lymphatic
anatomy in dogs and humans [19]. In 2012, they published a comparative study of the
lymphosomes in the canine forelimb versus the upper extremity in humans [19]. The main
discrepancy was that the ventral cervical node is the dominant system in dogs, whereas in
humans, it is the axillary node, and the number of individual LNs was less in dogs than in
humans [19]. However, they also found similarities: the presence of a deep and superficial
draining system (divided by the deep fascia), and the number, size, and distribution of
the lymphatic vessels (0.3–1.5 mm), as well as the presence of lymphatic valves and lym-
phangions [19]. Overall, due to the increased complexity and size of the lymphatics, they
concluded that dogs are more suitable models for lymphatic research than rodents, espe-
cially for the investigation of lymphangiography [19]. Suami et al. also demonstrated that
the remodeling of the lymphatics after resection in dogs occurs similarly to the remodeling
observed in women after LN dissection for breast cancer, and remarkable similarities exist
between the general maps of the lymphosomes of canines and humans [18]. Although
Suami’s research yielded important results, some findings are in disagreement with the
findings of recent SLN studies in dogs, and it should also be noted that the dogs used in
these studies were all healthy animals [18]. Most importantly, Suami found that none of
the lymphatics ever crossed the midline in the dogs he investigated before surgery. Surgery
then triggered the remodeling of the lymphatics towards the contralateral dominant lymph
nodes [18]. However, in dogs with cancer, a contralateral LN has repeatedly been identified
as being sentinel before surgery, with the lymphatics crossing the midline in numerous
investigations [10,13,20–22].

3. SLN Mapping in Companion Animals

Although the maps of locoregional draining patterns (lymphosomes) in healthy pa-
tients are available in recent times, the individual draining pattern of a tumor can sub-
stantially vary. The SLN is defined as a node within the lymphatic basin that directly
drains the primary tumor [9,23]. Depending on the draining pattern, these LNs can then
be further divided into tier-1 and tier-2 LNs. A tier-1 LN is an LN that directly drains a
certain tumor, whereas a tier-2 LN is the second node in the chain receiving lymph from
tier-1 LNs. Notably, any tumor can have multiple tier-1 SLNs. SLNs may be the regional
LNs anticipated to be responsible for tumor drainage; however, the LNs at unpredictable
anatomical locations might also serve as SLNs [20]. Indeed, for dogs, regional LNs do not
correspond to SLNs in 42–63% of cases [10,20,24,25], and a recent study in cats found an
even higher discrepancy (71.4%) [26].

SLN sampling offers a less invasive approach than radical regional lymphadenectomy,
minimizes anesthesia time, and reduces tissue trauma and postoperative morbidity [27,28].
For these reasons, SLN mapping has successfully been established in several neoplastic
conditions in human oncology, and several techniques have been described for SLN map-
ping in humans, including radiographic lymphography [29], computed tomography (CT)
lymphography [30], magnetic resonance (MR) lymphography [31]. contrast-enhanced ultra-
sound (CEUS) [32], single-photon emission computed tomography (SPECT) [33], positron
emission tomography (PET) [34], pre- and intraoperative lymphoscintigraphy, and the
injection of blue dyes for direct visualization or fluorescent dyes for near-infrared (NIR)
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fluorescent imaging [35]. Corresponding evaluations of indirect radiographic [36–38] and
CT lymphography [39–42], lymphoscintigraphy [15,20,24,43–47], CEUS [25,48], methylene
blue staining [20,24,47], and NIR-lymphography [14,47,49–51] are also available for dogs
and, most recently, also for cats [26,52].

3.1. Preoperative SLN Mapping Techniques Available in Veterinary Medicine

Several different mapping techniques have been described in dogs and cats, one of
which is lymphoscintigraphy, which is still considered the gold standard. However, due to
the legal and cost restrictions associated with this technique, several other techniques are
currently under evaluation. The following section provides a brief overview of the available
veterinary studies that use different approaches for SLN mapping in dogs and cats.

3.1.1. Lymphoscintigraphy

The use of radioactive tracers for SLN mapping is currently considered the gold
standard [2,10,43,44,53,54].

Radio-guided SLN mapping includes preoperative planar imaging (Figure 1) and/or
the intraoperative application of a hand-held gamma probe. The radiotracers typically used
are technetium-99m (Tc-99m) labeled colloids [20,44,45,54,55]. These tracers are retained at
the injection site for prolonged periods due to their particulate nature when administered
peritumorally (intradermal, subcutaneous). Accumulating radioactivity is detected in SLNs
during the acquisition of a preoperative scan [43–45,54,55]. A hand-held gamma probe
guides the surgeon intraoperatively to the radiolabeled “hot” SLNs even if located in deep
tissue layers [43]. Whether these “hot” SLNs are affected by metastasis, however, cannot be
confirmed through lymphoscintigraphy [56].
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Figure 1. Lymphoscintigraphy in a dog with a cutaneous mast cell tumor located at the left upper
thigh of the hindlimb: (A) dorsoventral and (B) lateral view. The injection site is covered by a lead
sheet, to avoid interference with radioactive signals (star).

In 2002, Balogh et al. investigated the feasibility of scintigraphy for SLN mapping
in dogs with spontaneous tumors [43]. They were able to detect 89% of SLNs using
preoperative scintigraphy and 97% with the combination of a gamma probe and blue dye
in surgery, but using only the blue dye resulted in the identification of 77% of SLNs [43]. A
combination of radioisotopes and methylene blue dye in dogs was reported in 2014 [20].
In 19 patients, 18 SLNs were detected using preoperative lymphoscintigraphy, 19 SLNs
were found by the intraoperative use of a gamma probe, and 18 LNs were stained blue [2].
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In healthy dogs, the feasibility of scintigraphy for SLN mapping has been confirmed by
studies investigating the drainage of the prostate and mammary glands and pulmonary and
thoracic tissue [44,45,55]. Manfredi et al. published a study evaluating lymphoscintigraphy
in 51 dogs with 60 solid tumors and found that SLNs were detectable in 95% of the cases [54].
The same group also published a study evaluating lymphoscintigraphy in head and neck
tumors, for which a lower detection rate of 83% was observed [13]. Finally, a recent study
revealed the successful usage of lymphoscintigraphy for the detection of SLN in cats with
various solid tumors [26].

Unfortunately, only a scarce number of veterinary clinics currently have access to
radioactive tracers, and this, together with the associated expensive equipment, poses
a major drawback. In addition, lymphoscintigraphy does not offer a special resolution,
therefore making the identification of individual nodes and adjacent nodes in proximity
(such as in the head and neck area) difficult. Future studies evaluating alternative methods
for SLN mapping might result in the establishment of a new gold standard in the future.

3.1.2. Indirect Radiographic Lymphography

The peritumoral injection of a radio-opaque contrast agent has been utilized as one of
the first techniques for the detection of SLNs in veterinary cancer patients [2,36,57]. After
injection, the contrast is drained towards SLNs via the lymphatic system and can be visu-
alized by taking serial radiographs [36,57]. The SLNs stay radio-opaque for several days
to months, until the contrast is cleared from the lymphatic system [38,58]. Patsikas et al.
and Collivignarelli showed that the lymphatic drainage pattern in canine mammary cancer
differed from that in normal glands, as LNs not expected to be sentinel received lymph
from the tumor [57,59]. Brissot and colleagues compared the corresponding detection rates
between radiographically identified SLNs and those detected intraoperatively via blue
dye mapping [36]. SLNs were successfully identified in 29 out of 30 tumors using the
radiographic lymphography technique (96.6%), and an agreement was observed between
blue-stained SLNs and those detected with radiographic lymphography in 84.6% (23/26)
of the cases [36]. Insufficient staining visible on radiographs required a contrast medium to
be reinjected in 4 out of 25 patients. Both techniques were reportedly safe, with a minor
complication only noted in 1 out of 30 dogs [36]. In contrast, Mayer and others observed
swelling and erythema of the injection site in 50% (10/20) and swelling of the LNs in 30%
(6/20) of healthy dogs when injecting the same contrast agent subcutaneously or submu-
cosally [38]. Severe complications, such as allergic reactions or pulmonary embolisms, are
reported in humans but have not been observed in small animals to date.

The major advantages of radiographic lymphography are the general availability
of its equipment, being a noninvasive procedure, and being a simple technique, which
makes it feasible for clinical practice [2]. However, relatively low detection rates, compared
with other SLN mapping techniques, have been reported, in addition to discrepancies
in suspected SLNs. Hlusko et al. compared indirect lymphography to the current gold
standard, lymphoscintigraphy, in eight healthy dogs, and found discrepancies in five of the
eight dogs [37]. This presents a major limitation and should be considered before applying
these techniques.

3.1.3. Computed Tomography Lymphography

The main rationale for CT lymphography was to develop a contrast-based technique
that accurately displays the anatomical location of the SLNs and the detail of the sur-
rounding tissue (Figure 2) [20,39,41,60]. The injection technique, the contrast agents, their
lymphatic uptake and distribution, and potential complications are principally similar
between CT and radiographic lymphography, with uptake in SLNs occurring minutes after
injection [20,30,41,60].
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Figure 2. A CT lymphangiography in a dog with AGASAC: (A) the peritumoral injection pattern;
(B) the SLN is identified as the sacral node on the ipsilateral site (encircled).

Recently, four veterinary studies proved the successful implementation of CT lym-
phography in clinical canine patients with mammary tumors [42], anal gland sac cancer [40],
tumors of the head [39], and tumors at various sites [41]. The contrast-filled afferent lymph
vessels could be followed to one or more SLNs in several studies [39–42]. In a pilot study
including 18 dogs with variable tumors on the head, indirect CT lymphography was suc-
cessfully performed in identifying SLNs in 16 cases (89%) with 2 patients having more than
1 SLN (13%) [39]. Soultani et al. published a study on the evaluation of the value of contrast-
enhanced CT imaging after IV contrast application and indirect SLN mapping to detect
metastatic nodes [42]. While a homogenous contrast distribution was observed in the SLNs
free from metastases, a heterogenous pattern was associated with metastases [42]. Likewise,
a low Hounsfield unit (HU) in the center of SLNs was associated with high sensitivity and
specificity for SLN metastases [42]. The authors concluded that CT lymphography may be
a helpful tool to predict the presence of nodal metastasis and determined that a cutoff of
59.5 HU maximum density in the periphery of the LNs displays high sensitivity and speci-
ficity (87.5% and 89.3%, respectively) [42]. Brissot et al. also described CT lymphography
to localize SLNs in cancer-bearing canine patients [36]. However, they did not specify how
specific CT lymphography was compared with other techniques [36]. Wan et al. published
a study comparing CT lymphography and intraoperative colorimetric mapping using ICG
or methylene blue in patients with oral neoplasms [47]. While a combination of CT and
colorimetric mapping resulted in a detection rate of 100%, CT alone only identified 42.1% of
SLNs, followed by methylene blue (50.8%). The method that showed the best detection rate
as a stand-alone technique was NIR imaging using ICG, with a detection rate of 91% [43].
In a similar study comparing CT lymphography, methylene blue, and lymphoscintigraphy,
a comparably low success rate of 55% was described for CT lymphography [59]. Lastly,
Rossi et al. published a large study on 45 dogs with several solid malignancies and were
able to detect at least 1 SLN after a maximum of 3 min in 60% of dogs [37].

The great advantage of CT lymphography is its broad availability in veterinary centers.
However, clinicians need to be aware that its success rate is considerably low, and the
technique does not help with the intraoperative identification of the nodes in question.

3.1.4. Contrast-Enhanced Ultrasound (CEUS)

CEUS is a popular technique in human medicine and is becoming increasingly com-
mon in veterinary medicine. It is mainly used to examine the blood flow and tissue
perfusion of abdominal organs such as the liver, the spleen, the pancreas, or the kid-
neys [60–63]. In order to use CEUS for the visualization of the lymphatics, small gas-filled
microbubbles trapped in a lipid shell are injected into the peritumoral tissue [48,64,65]. The
high affinity of the lipid contrast to the lymphatic system means it enters the lymphatics



Lymphatics 2023, 1 7

within seconds and drains to the SLNs within a few minutes, depending on the distance
between the injection site and the SLNs [64,65]. The microbubbles are restricted to the first
LN of the basin with minimal spill-over of contrast agents to the second-tier LNs [65,66].
After excitation via grey-scale or Doppler ultrasound, the microbubbles start oscillating,
thereby reflecting a signal several times higher than that of body tissue [67].

Wang et al. described an SLN detection rate of 91.3%, compared with SLN mapping,
using blue dye as a gold standard in healthy dogs [65]. However, given the relatively low
sensitivity of blue dye compared with other techniques, this rate has to be considered with
caution. Lurie et al. detected SLNs in dogs with spontaneous head and neck tumors in 8
out of 10 cases with lymphoscintigraphy as the reference method [48].

CEUS has similar disadvantages in the intraoperative localization of SLNs as CT
lymphography. To address this shortcoming, Sever et al. developed a guidewire that can
be inserted into the SLNs during the preoperative ultrasound procedure that enables the
surgeon to identify the correct SLNs during resection [68].

3.2. Intraoperative SLN Mapping Techniques

The resection and identification of an individual LN can be challenging, especially
in unenlarged LNs. All methods for presurgical mapping are of limited value in the
identification of the node of interest during surgery. Two independent studies evaluating
the success rate of unguided lymphadenectomy in dogs found a high failure rate of 28% [69]
and 26% [14]. Therefore, presurgical mapping is mostly combined with some sort of
intraoperative imaging to help find the SLN during resection. As an alternative, the LNs of
interest can be directly marked using methylene blue injection into the LNs (this decreases
failure to identify the LNs during resection to 13%) or a specially designed anchor (failure
rate 6%) [69].

3.2.1. Colorimetric SLN Mapping Using Blue Dye

One of the first techniques utilized to allow intraoperative SLN mapping in dogs was
methylene blue injection. This technique was also one of the first SLN techniques in humans,
as described by Morton et al. in the 1960s [23]. Unlike other techniques, colorimetric SLN
mapping is based on the direct visualization of the SLNs without the need for specialized
detection equipment. The dyes mostly used are methylene blue dye, isosulfan blue, and
patent blue dye. Within 5–10 min of peritumoral injection, the ascending lymph vessels
and their corresponding SLNs are stained blue and can be visualized if exposed or directly
beneath the skin [20,36,70]. However, to identify SLNs using blue dyes, the approach has
to be more extensive to follow the lymphatics, and a metareview in human medicine found
the lowest overall detection rate of SLNs using blue dyes alone was 84% [70]. Due to
its poor sensitivity and specificity, this technique is not recommended as a stand-alone
technique but is mostly used as an intraoperative add-on to CT lymphography and/or
lymphoscintigraphy [70].

Similar conclusions were drawn for cancer-bearing dogs by Balogh and colleagues,
who reported the lack of sensitivity for blue dye alone and recommended a dual application
of blue dye plus TC-99m, highlighting the fact that only using the blue dye resulted in the
least amount of SLNs identified [43].

Likewise, Worley et al. and Randall et al. provided evidence for a successful applica-
tion of SLN mapping with blue dye and radioisotopes [20,61]. Randall et al. were able to
detect SLNs using methylene blue in 17/18 dogs (94%) and reported that this technique
was superior to CT lymphography (success rate 11/20 dogs, 55%) but still inferior to
lymphoscintigraphy (success rate 100%, 20/20 dogs) [61]. Brissot and Edery evaluated
blue dye and radiographic lymphography in cancer-bearing dogs. The latter observed an
agreement in the rate of SLNs identified between the two techniques, both detecting 22/26
cases (84.6%) [36].
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3.2.2. Near-Infrared Lymphography

NIR for SLN mapping is a rapidly developing field in human and veterinary surgical
oncology. It offers the opportunity of optical image-guided surgery to provide real-time
visualization of lymph vessels and SLNs [71]. The near-infrared light spectrum has a
wavelength of 700–900 nm, which is invisible to the human eye [72]. NIR imaging systems
emit excitation light in the low near-infrared spectrum that is absorbed by the fluorescent
agent and shifted to a lower wavelength. The emitted light can be detected using a NIR
camera device and translated to a real-time video displayed on a screen [72,73]. In contrast
to visible light, the light of the near-infrared spectrum is hardly absorbed by the body
tissue, which allows tissue penetration up to a few centimeters, making NIR suitable for the
transcutaneous identification of SLNs in humans and animals (Figure 3) [71–73]. The most
frequently used dye is ICG, which was approved for clinical use by the FDA in 1959 [72].
It was shown that the identification of SLNs via NIR is technically simpler, more reliable,
and associated with increased SLN detection rates, compared with other techniques, which
may be explained by the smaller particle size of fluorescent agents facilitating a faster spill
into secondary lymph nodes [74–76]. Lately, several metareviews in human medicine have
confirmed NIR imaging using ICG as a reliable mapping technique compared with the
gold standard lymphoscintigraphy [35,77].
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Figure 3. NIR lymphography in two dogs with cutaneous mast cell tumors: (A) two tier-1 SLN
(bilateral superficial inguinal nodes) that become visible through the skin after peritumoral injection
of the primary tumor located on the right perineum. Two separate lymphatic ducts can be visualized;
(B) due to the transcutaneous visible signal, subsequent precise lymphadenectomy is possible under
visual guidance. The nodes were unenlarged (<1 cm) and nonpalpable in both patients.

After NIR SLN mapping in dogs was initially described in experimental studies in dogs
and pigs [50], it is now gaining increased interest in veterinary surgical oncology [14,49,52].
Beer et al. published a retrospective study on NIR lymphography in dogs with mast cell
tumors. NIR lymphography significantly improved the success rate of lymphadenectomies
and increased the detection rate of metastatic disease (68% of dogs were diagnosed with at
least one metastatic node using NIR lymphography compared with 33% only when regional
lymphadenectomies were performed) [14]. The improved detection rate of metastatic
disease was achieved by a combination of improved resection success and the identification
of the SLNs different from the expected regional nodes [14]. A first case report showing
the feasibility of SLN mapping in a cat also bearing a mast cell tumor has just been
published, followed by a pilot study in cats with different solid neoplasms [26,52]. Finally,
Gariboldi et al. very recently published a study that proved that the SLN mapping of
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scars from previous tumor excision is also possible using lymphoscintigraphy or NIR
lymphography [49].

Taken together, optical imaging with NIR offers several distinctive advantages. In
cases of superficial tumors, NIR camera systems enable a transcutaneous visualization of
fluorescent dyes, making a massive surgical dissection of the overlying tissue unnecessary
and allowing distinction between the first- and second-tier nodes [14,71,78]. The improved
visualization of small and nonpalpable nodes results in a significantly increased success
rate of lymphadenectomies compared with unguided lymphadenectomies in dogs [14]. No
mapping-related complications have been reported in dogs or cats [14,49,52,78,79]. The
disadvantages of NIR include its low depth of penetration, limited to a few millimeters to
centimeters, and that it does not allow the identification of sentinel nodes in body cavities
without surgical access to allow visual inspection [72].

To summarize, NIR lymphography has been identified as one of the most sensitive and
specific SLN mapping techniques, compared with the gold standard lymphoscintigraphy.
As NIR lymphography does not require specific legal allowances and is possible with
significantly less financial investment than lymphoscintigraphy, it represents a simple and
cost-effective alternative for accurate mapping. As in human medicine, or perhaps more so,
in veterinary medicine, the application of simple and inexpensive, but accurate and safe,
techniques is of great importance, and an important requirement to enable the broad-based
implementation of mapping in veterinary surgical oncology.

The results of the available studies for SLN mapping using the above-mentioned
techniques in tumor-bearing dogs and cats are summarized in Table 1.

Table 1. Veterinary studies that reported SLN mapping and detection rates in tumor-bearing animals.

Study Technique Detection Rate Tumor Type Species

Balogh et al. 2002 [43] *
Lymphoscintigraphy 89%

various dogMethylene Blue 77%
Gamma probe and Methylene Blue 97%

Brissot et al. 2016 [36] *
Radiographic lymphography 96%

various dogBlue dye 86%
Correspondence rate between techniques 84%

Rossi et al. 2018 [41] CT Lymphography 60% various dog

Manfredi et al. 2021 [54] Lymphoscintigraphy 95% various dog

Chiti et al. 2022 [26]
Lymphoscintigraphy + gamma probe +
Methylene Blue 100%

various cat
NIR Lymphography 100%

Gariboldi et al. 2022 [49]
Lymphoscintigraphy and Methylene Blue 87% various

scar revisions
dog

NIR Lymphography 100%

Lurie et al. 2006 [48] CEUS 80% head and neck dog

Grimes et al. 2017 [39] CT lymphography 89% head and neck dog

Randall et al. 2020 [61] *
Lymphoscintigraphy 100%

head and neck dogMethylene Blue 94%
CT Lymphography 55%

Wan et al. [47]

CT Lymphography 42%
Head and neck
(oral)

dogMethylene Blue 50%
NIR Lymphography 91%
CT and Methylene Blue 100%

Chiti et al. 2021 [13] Lymphoscintigraphy 83% various
head and neck dog
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Table 1. Cont.

Study Technique Detection Rate Tumor Type Species

Lurie et al. 2006 [48] CEUS 80% head and neck dog

Collivignarelli et al.
2021 [59] Radiographic lymphography 100% mamma dog

Majeski et al. 2017 [40] CT lymphography 92% AGASAC dog

Worley et al. 2014 [20] * Lymphoscintigraphy and Methylene Blue 95%
MCT dog

Gamma probe 100%

Lapsley et al. 2020 [80] CT Lymphography 90% MCT dog

Ferrari et al. 2020 [24] Lymphoscintigraphy and Methylene Blue 91% MCT dog

Fournier et al. 2021 [25] CEUS 95% MCT dog

De Bonis et al. 2022 [81] Radiographic lymphography 90% MCT dog

Beer et al. 2022 [14] NIR Lymphography 100% MCT dog

* Study directly compared different techniques.

4. Role of Lymphadenectomies and SLN Mapping in Selected Cancer Types in Dogs
and Cats
4.1. Mammary Carcinoma

The tumors of the mammary glands are the most common neoplastic condition in
dogs, accounting for 25–50% of all diagnosed neoplasms in dogs [59,82]. Approximately
50% are malignant, and in 35–70% of these, the local recurrence of metastatic spread is
observed, often leading to the death of the patient [59,82]. As with other neoplasms in dogs,
there are conflicting results on the therapeutic effect of lymphadenectomy. However, most
of these studies were conducted by removing the proposed RLN: This corresponds to the
ipsilateral axillary lymph node for the first two mammary complexes, the ipsilateral axillar
and inguinal node (+/− medial iliac) for tumors in the third complex, and the ipsilateral
inguinal (+/− medial iliac) for the fourth complex [17,59]. Of these, the deep LNs (sternal,
medial iliac) are not routinely removed.

The SLN mapping of the mammary glands in dogs and cats has been performed
using CT lymphography, radiographic lymphography, and scintigraphy [42,44,57–60].
Pereira et al. (2008) used lymphoscintigraphy and identified a complex heterogeneous
draining pattern with wide variations between patients, with a high number of cross-
connections between the lymphatics [40]. The cranial two complexes drained to various
centers including the axillary, sternal, and superficial cervical while the caudal three glands
drained to the inguinal and/or medial iliac lymphocenters [44]. Similarly, unpredictive and
very individual draining patterns often draining contralateral LNs have been described by
other studies using SLN mapping [42,57–59].

Whether routine SLN mapping and removal of SLN impact therapeutic outcomes in
affected dogs is yet to be proven.

4.2. Apocrine Gland Anal Sac Adenocarcinoma (AGASAC)

Another condition in which the resection of metastatic LNs has proven therapeutic benefits is
AGASAC [1,83,84]. AGSAC accounts for 17% of perianal neoplasia, and 2% of skin tumors [8,17].
These tumors tend to metastasize to the regional draining lymph center in up to 96%, and nodal
metastasis represents an important negative prognostic factor [11,12,21,83–85]. The removal of
metastatic LNs is recommended, and several studies documented the improvement in
clinical symptoms and survival times when the lymphadenectomy of metastatic LNs was
performed in addition to the surgical removal of the primary tumor [12]. Despite the high
incidence of nodal metastasis, the current treatment standard mainly involves the removal
of grossly enlarged or structurally altered LN [1], rather than the routine resection of the
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entire lymphocenter [1,12]. Associated complications vary depending on the size of the
nodes and range between 5% and 41%, mostly in the form of hemorrhage [12].

Given the high metastatic rate, the early detection of the affected unenlarged LNs
might help control disease; however, currently, no information exists regarding the metastatic
rate of unenlarged nonstructurally altered LNs. A recent study evaluating owner compli-
ance after the diagnosis of AGASAC documented that anal sacculectomy was performed
in 93% of cases; however, only 22% of dogs underwent iliosacral lymphadenectomy [86].
This seems to be a relatively low number in a condition with such a high metastatic rate,
and it underlines a lack of routine strategy for lymph node management in this disease.

Routine SLN mapping could potentially lead to improved detection and management
of early metastatic LNs; however, this must be validated in future studies. Thus far, SLN
mapping has been reported in few studies. In 2018, Linden et al. compared two different
injection techniques to map the SLN of the anal glands in healthy dogs and found that
intramural injection was more reliable than perigland injection [21]. The medial iliac node
was identified as sentinel in 62.5% of dogs, the lateral sacral node was sentinel in 37.5% of
the cases, and the inguinal node was sentinel in 12.5% [21]. Majeski et al. published a study
involving 13 dogs with AGASAC that were subjected to indirect CT lymphography [40].
They were able to detect at least one SLN in 92% of the cases, and 67% were ipsilateral,
whereas 33% were contralateral. SLNs were medial iliac (42%), sacral (25%), or internal
iliac (8%), and 25% of dogs had more than one tier-1 SLN (tier-2 SLNs were detected in 42%
of the cases) [40]. Unfortunately, the authors failed to report the histologic status and size
of the SLNs.

4.3. Mast Cell Tumor

Solid MCTs are among the most frequent skin tumors encountered in dogs [87] and
cats [88,89]. During the past five years, our understanding of the importance of LN metas-
tasis has greatly improved this condition. Studies have demonstrated a metastatic rate of
56% to 68% when SLN mapping was performed [14,20,25,80,90]. In 2014, Weishaar et al.
developed a nodal staging system and were able to prove that nodal status is an important
prognostic factor for survival [91]. Finally, the removal of nodal metastasis has proven rele-
vant for therapeutic reasons. Patients whose lymph nodes are routinely removed showed
longer survival and recurrence-free times than patients in whom lymphadenectomies were
not performed during tumor resection [3–5,92,93].

LN status is also relevant to plan adjuvant chemotherapy, as it has been proven that
patients with HN3 metastatic nodes benefit from chemotherapy irrespective of the primary
grade of the tumor, whereas there is no benefit expected in patients with low-grade MCTs,
i.e., grade-1 and -2 mast cell tumors with HN0-HN2 nodes [5].

Due to the obvious impact of lymphadenectomy in patients with mast cell tumors,
and the high incidence of LN metastasis, this condition is one of the most frequently used
cancer types to evaluate SLN mapping in dogs. In one of the earlier studies, Worley et al.
performed lymphoscintigraphy combined with intrasurgical methylene blue injection. They
were able to detect SLNs in 95% of the cases using preoperative lymphoscintigraphy and
in 100% of the cases using an intraoperative gamma probe [20]. They also demonstrated
that SLNs did not correspond to the expected regional lymph node in 42% of the cases
using lymphoscintigraphy [20]. Beer et al. supported this finding using NIR lymphography
and also documented that SLNs did not correspond to the regional node in 42% of dogs,
and Ferrari et al. even documented a discrepancy of 63% [14,24]. Furthermore, we were
able to demonstrate that NIR lymphography detected at least one SLN in 100% of cases
and resulted in higher success rates for lymphadenectomies [14]. As a result, significantly
more metastatic LNs were identified when NIR mapping was compared with unguided
lymphadenectomy (68% metastatic rate versus 33%) [14].

Fournier et al. evaluated the performance of CEUS in the detection of SLNs in dogs
with MCTs. They were able to detect SLNs in 95.2% of cases, with a discrepancy rate
between SLNs and a regional node prediction of 35.6%, and an overall metastatic rate
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of 60% [25]. Notably, only 55% of SLNs were then evaluated using histopathology, but
the authors did not indicate whether the reason for not submitting the remaining nodes
was because of unsuccessful resection or other reasons [25]. Disturbingly, the authors also
found metastatic disease in 50% of regional nodes, which were nonsentinel [25]. This raises
the question of whether CEUS failed to detect these as sentinel, or if the concept of SLNs
must be revised. Beer et al. were also able to identify metastatic disease in a subset of
nonsentinel nodes, although their false negative rate was much lower (36% of non-SLN
were metastatic), potentially due to the superior sensitivity of NIR lymphography [14].
These studies highlight the necessity to investigate whether SLN-based resections are
suitable to fully address metastatic disease in the future, or if resections of the entire basin
are still needed.

Most recently, De Bonis et al. demonstrated that indirect lymphography using lipidiol
and serial radiographs resulted in the detection of at least one SLN in 90% of cases [81].
Their study also described a high discrepancy between RLNs and SLNs, with only 27% full
agreement, and interestingly, they also described a considerably lower rate of 50% than
other studies utilizing more efficient SLN methods [94]. This drawback has already been
described by Hlusko et al., who demonstrated a significant discrepancy between indirect
lymphography and lymphoscintigraphy [37]. Thus, although this technique is technically
feasible, it is not recommended.

4.4. Cancers of the Head and Neck

In dogs with tumors of the head and neck area, metastases to the lymph nodes other
than the mandibular are reported in nearly half of the cases, and contralateral dissemination
occurs in up to 62% of animals with oral tumors [22,94]. While the early detection of
cervical LN metastases is considered one of the mainstays for the correct management
in humans [95], comparable evidence is still limited for dogs and cats, mainly due to
inconsistent recommendations for the management of the cN0 neck in the veterinary
practice [96].

Traditionally, elective neck dissection (END) is recommended for tumors with a risk
of occult LN metastases >20% in humans [97], but high rates of functional morbidity have
led to the investigation of SLN biopsy as a less invasive approach [98,99]. In veterinary
medicine, END was first described in 1995 in six carcasses and three dogs and consisted
of the ipsilateral or bilateral excision of the retropharyngeal, parotid, and mandibular
nodes [100]. When this technique was reapplied a few years later in dogs and cats with
spontaneous head and neck malignancies, the metastases not involving the mandibular
LNs were detected in nearly half of the dogs [94]. More recently, Skinner et al. described
31 clinical cases, and LN metastases were detected in 11 retropharyngeal nodes without
concurrent mandibular LN involvement, with 61% of metastasis occurring in the contralat-
eral to the primary tumor [22]. Complications reported after the radical lymphadenectomy
of the head and neck region are rare and self-limiting in dogs, mainly consisting of the
transitory edema of the muzzle or lip [22,94,96,100]. However, unguided END frequently
fails to remove the parotid nodes, which can harbor metastasis in 9–16% of dogs [13,94].
Only a few studies are available for SLN biopsy in dogs with malignancies of the head
and neck, but the technique seems promising, with high detection rates and diagnostic
accuracy [13,39,48,94]. In 2009, Luire et al. described, for the first time, SLN biopsy in dogs
with spontaneous tumors of the head and neck and reported a detection rate of 100% with
radiopharmaceutical and 80% with CEUS [48]. Indirect CT lymphography was also used to
map the cN0 neck in cancer dogs, allowing for the detection of contralateral dissemination
in 8% of animals in one study [39]. The technique was compared with lymphoscintigraphy
in a more recent study, with detection rates of 55% and 100%, respectively [61]. The diag-
nostic accuracy of SLN biopsy using lymphoscintigraphy was confirmed in a recent study
on 23 dogs with naturally occurring malignancies of the head and neck and the absence
of clinically evident LN disease [13]. In that study, a detection rate of 83% was recorded,
whereas sensitivity and specificity were 88.9% and 100%, respectively [13]. Lastly, Wan et al.
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(2021) described the combined use of indirect CT lymphography and vital dyes for SLN
biopsy in dogs with oral tumors and reported a detection rate of 100% with the combined
technique. However, when only one technique was assessed, the detection rate of NIR
lymphography using ICG was much higher than CT lymphography [47].

SLN biopsy in head and neck cancer is still at its infancy in veterinary oncology, and
although some studies have demonstrated the feasibility of different mapping techniques,
the actual impact of a targeted nodal approach and its clinical impact compared with END
need to be further explored in the future.

5. Future Perspectives

Future structured studies need to identify the therapeutic impact of extended versus
SLN resections in dogs with different types of cancer. In addition, techniques that can
not only detect the SLN but also reliably show metastatic nodes should be further investi-
gated. In this context, the use of SPECT-CT, iron-oxide ultra-small particles, or targeted
fluorophores might be of interest in the future.

6. Conclusions

LN staging and resection are gaining prominence in veterinary surgical oncology, but
further studies are needed to evaluate the concrete therapeutic impact for most conditions.
Among the several malignancies for which therapeutic lymphadenectomies are considered
potentially beneficial, their concrete impact is best established for canine mast cell tumors.
SLN mapping could help to develop standardized approaches for lymphadenectomy in
various conditions, setting the stage for the subsequent evaluation of potential therapeutic
benefits. While numerous techniques for SLN mapping have been described, NIR lym-
phography seems to have the highest SLN detection rate, compared to the gold standard
lymphoscintigraphy, and thus presents a noteworthy technique for future implementation
in veterinary medicine.
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