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ABSTRACT

The incidence of mammary tumors in bitches has increased along with animal survival.
Therefore, a thorough evaluation is essential for the diagnosis. One characteristic of
mammary tumors is the great capacity of developing metastasis. Being responsible for
drainage of the mammary glands, they play an important role in spreading tumor cells,
being a negative prognostic factor. The development of new techniques to evaluate
sentinel lymph nodes and early identification of alterations contribute positively to patient
survival. This review discusses clinical evaluation and sonographic methods for
assessment of locoregional lymph nodes in bitches with mammary neoplasms and
diagnostic methods available.
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INTRODUCTION

In the last decades, the increase of canine longevity, the close relationship with
humans and changes in animals’ lifestyle contributed negatively to the increase of
neoplasms. However, it must be considered that advances in diagnostic techniques also
contributed with the increase in the prevalence described (WITHROW and VAIL, 2007).

In bitches, mammary neoplasms represent, on average, 25 to 52% of diagnosed
tumors (DALECK et al., 1998; DE NARDI et al., 2002; FELICIANO et al., 2012). The
prevalence of malignant neoplasms is approximately 50% (DE NARDI et al., 2002). In
Brazil, the rate can reach up to 70% (OLIVEIRA FILHO et al., 2010).

The most important characteristic of malignant neoplasms is the ability to develop
metastasis. Regarding mammary tumors in bitches, its occurrence can reach up to 50%
(PHILIBERT, 2003; DE NARDI, 2004; OLIVEIRA FILHO et al., 2010), contributing as
the main mortality factor. Metastases are frequently identified in locoregional lymph
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nodes, lungs, liver, spleen and other organs (DE NARDI et al., 2008; KLOPFLEISCH
and GRUBER, 2009). The first affected lymph node from a lymphatic chain that drains
the region affected by the tumor is called sentinel lymph node (WEAVER, 2010;
CASSALLI, 2014). The presence of tumor cells in locoregional lymph nodes is a negative
prognostic factor in animals affected by mammary tumors (PHILIBERT, 2003; HELLER
et al., 2005; CHANG et al., 2005). The identification of lymph nodes metastasis is based
on histopathological examination after surgical excision (CASSALI et al., 2014), even
though physical examination, ultrasonography, radiography and fine needle aspiration
cytology (FNAC) can help presuming metastasis. So far, these methods are considered
less accurate in cases of micro metastasis or clusters of tumor cells. (WEAVER, 2010).

There are few studies regarding the benefits of advanced imaging modalities such
as computed tomography (CT), magnetic resonance imaging (MRI) and scintigraphy for
the evaluation of sentinel lymph nodes in dogs (BALOGH et al., 2002; MAYER, et al.,
2012; ROSSI et al., 2017; SOULTANI et al., 2013; SUGA et al., 2003.) However, the
availability of these techniques is still restricted in some places, besides being rather
expensive, making their application in clinical practice a bit restricted.

The postoperative complications reported in women after lymphadenectomy are
unlikely in bitches and there are few descriptions in veterinary literature. According to a
consensus in Veterinary Medicine, the treatment of mammary neoplasms consists of
removing the primary tumor, the mammary glands and locoregional lymph nodes.
(CASSALI etal., 2011). Therefore, the knowledge of lymphatic drainage is necessary for
performing the surgical procedure and thus determine the prognosis. However, even
though excision of axillary and inguinal lymph nodes is recommended, surgical
invasiveness and limitations of the technique do not allow the procedure to be performed
in all cases, such as the close relation of the axillary lymph node with the brachial plexus
and large blood vessels, limiting in some cases its removal (CASSALI et al., 2014; INIC
etal., 2014; TUOHY et al., 2009). For these reasons, early detection and identification of
lymph node metastasis is considered important in order to improve the prognosis,
treatment and patient survival (PATSIKAS, 2006).

Given the aforementioned information and the importance of lymphoid structures
in breast tumors, this review aims to describe the morphophysiological characteristics and
diagnostic aspects for clinical and sonographic assessment of locoregional lymph nodes
in bitches with mammary tumors.

Morphological aspects of mammary gland locoregional lymph nodes

The lymphatic system is an important component of the blood drainage system,
being composed of lymphatic vessels, lymph nodes and lymph. Lymph nodes are located
throughout the body, surrounded by adipose tissue, and are associated with large blood
vessels. They are reniform structures, covered by a thin capsule of smooth musculature
and elastic fibers (HARDIE and PETRUS, 2007).

Bitches have five pairs of mammary glands identified in the cranial to caudal
direction, being: cranial thoracic (M1), caudal thoracic (M2), cranial abdominal (M3),
caudal abdominal (M4) and inguinal (M5), although they may only present four pairs
(ZUCCARI et al., 2002; MURPHY, 2008). The mammary glands are arranged in two
separate rows, extending from the thoracic to the inguinal regions (SWAIM, 2007). In
healthy dogs, the lymphatic circulation promotes drainage of homolateral glands, and
there is no direct contact between the right and left chains. All glands have independent
drainage to the locoregional lymph node. However, the cranial abdominals are the only
ones that drain simultaneously to the accessory axillary lymph node and to the superficial
inguinal lymph nodes (ZUCCARI et al., 2002; MURPHY, 2008).
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In bitches with mammary tumors, drainage to regional lymph nodes depends on
the affected mammary gland. In relation to M1, M2 and M3, drainage occurs in the
axillary lymph node and eventually to the superficial cervical lymph nodes. M4 and M5
have drainage for superficial inguinal lymph nodes. In some cases, the gland has double
drainage, going to the axillary and superficial inguinal lymph nodes, which shows
heterogeneity and plasticity of the lymphatic system (STAN et al., 2010). Drainage to the
contralateral lymph node has already been described, which happens due to
lymphangiogenesis induced by the neoplasm. (SORENMO., 2003). The Vascular
Endothelial Growth Factor (VEGF) C plays an important part in promoting
lymphangiogenesis and in promoting metastasis (SKOBE et al., 2001).

Recent advances in diagnostic imaging, anatomical and histological dissection
have enabled detailed information on the lymphatic system (HARDIE and PETRUS,
2007). The lymphatic pathway plays an important role, as it is the carrier of tumor cells
and it is most commonly affected by metastasis (PEREIRA et al., 2003; PATSIKAS et
al., 2006). Axillary lymph node involvement in mammary tumors is of great importance,
as it is close to other lymphatic centers, such as superficial cervical and ventral thoracic
(PEREIRA et al., 2003). Inspection of the locoregional lymph node should be part of the
routine evaluation of mammary tumors in bitches, as the presence of metastasis has an
impact on tumor staging, survival and treatment (CASSALI et al., 2014).

Sentinel lymph node and its identification

The sentinel lymph node is the first lymph node to drain a tumor, and for this
reason it is expected to be the first site to develop metastasis after lymphatic spread (PAZ
et al., 2001; TUOHY et al., 2009). In animals, it was first described in cats by
SORENMO. (2003).

In women, the use of lymphatic mapping to identify sentinel lymph nodes has
significantly improved the treatment of breast cancer, as it determines a more specialized
therapeutic approach (SORENMO., 2003). In this sense, the techniques for staging lymph
nodes in bitches need to be reconsidered, since the evaluation of locoregional lymph
nodes becomes essential for staging in this species, with the identification of the sentinel
lymph node being a prognostic factor that will guide therapeutic approaches. (CASSALI
etal., 2014).

The mapping, as the technique for trans operative identification of these structures
is called, consists of the objective and individualized detection of lymph nodes that drain
a tumor (SORENMO,2003). For this purpose, different types of dyes applied directly to
tumor or peri-tumor tissue are used. Among them, patent blue is the only one approved
for use in humans and for this reason the most used in research and in the clinic (Figure
1). The benefits of assisting the identification of the sentinel lymph node or performing
the mapping with dye are: facilitating the identification of lymph nodes, minimizing
surgical incisions and increasing efficiency, especially when evaluating axillary lymph
nodes (SORENMO, 2003).
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Figure 1. Photgraph showing the application of patent blue for
identification of the axillary lymph node of a bitch with mammary tumor
(Personal File).

Usually, 0.5 ml of 2.5% patent blue is administered in bitches up to 15 kg, and 1
ml in bitches weighing more than 15 kg, by intradermal injection in the peri-tumor region
(BESERRA, et al. 2011). After the injection, the dye is drained through the lymphatic
route, allowing the visualization of the regional lymphatic chain during the surgical
procedure (EL KATIB, et al 2011).

Besides patent blue, methylene blue, iopamidol, indocyanine green (DE SOUZA
et al., 2012), indirect lymphography using iodized oil as a marker (BRISSOT and
EDERY, 2016) and scintigraphy (TUOHY and WORLEY, 2014) can also be used for
mapping and identifying sentinel lymph nodes. After application, the dye is drained by
the lymphatic system, allowing visualization of the regional lymphatic chain during the
surgical procedure (EL KHATIB et al.,, 2011). The dye application technique is
considered easy to perform, of low cost, does not require prior training and can be
successfully applied in the surgical routine of small animals (EL KHATIB et al., 2011).

In small animal clinical practice, lymph nodes are submitted to puncture or biopsy
if they are altered on physical examination, which leads to inappropriate staging. Studies
have shown that lymph nodes that drain regions with neoplasms might not present
changes in size and consistency but may already be metastasized (BESERRA et al. 2016).
It was observed that collecting samples only from the lymph node closest to the nodule
has not been sufficient for a correct tumor staging and the presence of locoregional
disease can be neglected (SORENMO et al. 2013).

In dogs, surgical techniques for excision of tumors are chosen according to the
ease of access and/or the presence of palpable lymph nodes. The inguinal lymph node is
usually removed next to the inguinal mammary gland while the axillary is rarely removed
because it is located next to important vascular and nervous structures (TUOHY et al.,
2009).

In women with breast cancer it is considered that the condition of the axillary
lymph node is the most important prognostic factor and has been repeatedly shown as an
indicator of survival (GIULIANO et al., 1994). BUITRAGO et al. (2011) describe that
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about 70% of patients with axillary lymph node involvement will develop relapse within
10 years, compared with 20% to 30% of patients without a negative nodule.

The identification of these nodules is a challenge for staging, due to the inability
to visualize, which results in failures that can lead to an inadequate treatment, recurrence
and distant metastasis. Identification of metastasis in locoregional lymph nodes prior to
surgical removal of the mammary gland in women is extremely important, as axillary
lymphadenectomy commonly develops lymphedema, arm paralysis and/or chronic pain
(ROCKSON, 2008).

Currently, surgical excision and histopathological analysis of the axillary lymph
node is recommended in women affected by breast tumors greater than five centimeters
in diameter (QUADROQOS, 2007; BOUGHEY, 2013). This approach is considered to have
prognostic and therapeutic value, since the identification of tumor cells in the lymph node
is related to tumor aggressiveness and the potential for distant metastasis, respectively,
enabling the reduction of regional and distance recurrence (PAULINELLI, 2017).

In general, changes or complications are observed, such as: seroma, lymphedema,
restriction of shoulder movements, changes in scapular elevation, sensory changes in the
upper limb and even induction of new malignant tumors such as angiosarcomas, in
women and in bitches (PINHEIRO, 2003; PAULINELLI, 2017). However, data in the
literature are insufficient to describe specific changes in bitches.

Evaluation of locoregional lymph nodes in mammary tumors

In Veterinary Medicine, complete evaluation of the patient is established for the
proper conduct of the diagnosis and prognosis of neoplastic animals. In this context,
anamnesis, physical examination and complementary cytology, radiography, ultrasound
and histopathology techniques are necessary for tumor identification and treatment
(MORRISON, 1998).

The physical examination of the mammary glands consists of palpation of the
mammary chains and regional lymph nodes in search of nodules or changes in size, shape
and consistency. In addition, information on the time of appearance and progression of
the lesion, previous treatment and reproductive history are important (CASSALI et al.,
2014). After palpation of the mammary glands and lymph nodes, fine needle aspiration
cytology (FNAC) can be used as a complementary part of the diagnosis. However, this
test has a high rate of false negative results, especially when there is the presence of micro
metastases or tumor cells clusters (WEAVER, 2010).

In the veterinary practice, most of the time the regional lymph nodes of the
mammary chain are submitted to puncture or biopsy only when they are altered on
palpation, leading to an inappropriate staging, as the palpation does not allow the
identification of metastasis (TUOHY et al., 2009; WILLIAMS and POCKER, 2003).

The gold standard evaluation for the diagnosis of metastasis in regional lymph
nodes is histopathological analysis after surgical excision (QUEIROGA and LOPES,
2002). The criteria used to consider malignancy are: high cell density in the smear, with
low degree of cohesion and the presence of “naked” cells in abundance; variability in the
dimensions of the nuclei (anisocariosis); irregular patterns of chromatin distribution
(granular or reticular), normal and abnormal mitosis figures; presence of several nucleoli
in the same nucleus or macro nucleus (ALLEN, 1986).

However, the technique is invasive (TUOHY et al., 2009) and the method is not
used in many cases. On the other hand, some non-invasive diagnostic methods can be
introduced in the evaluation procedure, such as the radiographic exam that is used to
detect distant metastasis, mainly in the thoracic cavity. (FERGUSON et al., 1995).
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In human medicine, the sonographic characteristics of the axillary lymph node
and mammary glands are well defined, such as shape, contour, size and architecture
(JALES et al., 2005). However, in Veterinary Medicine, ultrasonographic examination
has been performed mainly to investigate the presence of abdominal metastasis (NYMAN
et al., 2006), addressing little information about the evaluation of these locoregional
structures in the affected bitches.

Ultrasonography provides the clinician with important information about lymph
node architecture, but definitive diagnosis is only obtained by histopathology
(CHAMMAS et al, 2004; NYMAN et al., 2005). However, over the years,
ultrasonography has gained space and disseminated new techniques that can also help in
the diagnosis of tissues with neoplastic growth. NYMAN et al. (2005) sonographically
evaluated 318 superficial lymph nodes from 142 dogs using transducers ranging from 7
to 14 MHz and obtained important information regarding lymph node characterization,
although reporting difficulty in identifying axillary and inguinal lymph nodes. These
structures have an oval or flat shape, predominantly hypoechoic, with homogeneous
echotexture, well-defined hyperechoic contours and, occasionally, a central
hyperechogenic line identified in the hilum region. (Figure 2) (FELICIANO et al., 2015).

Figure 2. Sonographic image of a normal axillary lymph node of a bitch
with mammary tumor. Note the hypoechoic structure (arrows) with
homogenous echotexture and S / L ratio of 0,43 (Personal File).

When evaluating abnormal tissues, the sonographic aspect of the enlarged lymph
node may be similar in a neoplastic, inflammatory or infectious process, thus being an
unused parameter in the differentiation of benign or malignant processes. (DE SWARTE
et al., 2011). Conversely, the shape of the lymph node can be considered a valuable
parameter in the differentiation between malignant and benign characteristics (NYMAN
and O'BRIEN, 2007). In general, in inflammatory processes, lymph nodes tend to
increase proportionally in all planes, maintaining an oval shape. In neoplastic processes,
they tend to disproportionately increase the short axis, becoming more rounded
(CHAMMAS et al., 2004). The shape of the lymph node is calculated by dividing the
short axis (S) by the long axis (L), being considered oval when the S/ L ratio is less than
0.5 (Figure 2) and rounded when the S / L ratio is greater than 0.5, which tends to
malignancy (Figure 3) (FELICIANO et al., 2015).
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vD=21.5 mm

A0=148.7 mm

Figure 3. Sonographic image of a metastatic axillary lymph node of
a bitch with mammary tumor. Note the presence of a rounded
structure (arrow), presenting a heterogenous echotexture and S/ L
ratio of 0,87, which indicates malignancy (Personal File).

Changes in lymph node architecture may also suggest metastasis, especially when
there is loss of visualization of the central hyperechogenic hilum, with replacement by a
diffusely hypoechogenic image (FELICIANO et al., 2015). NYMAN et al. (2005)
reported that the infiltration of neoplastic cells can cause irregularities in the outline of
the lymph node and that for benign characteristics, the structures usually have regular
contours. Additionally, when there is inflammatory reaction, there is diffuse cortical
thickening, with a probable increase in its size, but maintaining the oval shape. Metastatic
lymph nodes will normally present heterogeneous echotexture, due to the presence of
cystic areas, resulting from hemorrhages and tissue necrosis (Figure 3) (CARVALHO,
2004; CHAMMAS et al., 2004; NYMAN et al., 2005).

Regarding lymph node vascularization, NYMAN et al. (2005) found a
predominantly hilar flow in benign process and peripheral flow in malignant ones. The
metastatic lymph node usually presents unorganized vascularization, with subcapsular
peripheral distribution, with vessels of tortuous and irregular architecture (Figure 4)
(NYMAN and O'BRIEN, 2007).

Figure 4. Color-doppler image of a metastatic axillary lymph node of a bitch
with mammary tumor. Note the presence of a structure with irregular surface,
heterogenous echotexture and presence of an unorganized neovascularization
(Personal File).

The elastography technique emerged as a method that allows non-invasive
assessment of tissue elasticity and has become an efficient tool in the identification of
malignant breast lesions in humans and animals (FELICIANO et al. 2017; TOZAKI et al.
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2011) Recently, clinical studies have evaluated the accuracy of this technique to identify
metastasis in axillary lymph nodes of women with breast cancer and have shown
extremely promising results (WOJCINSKI et al. 2012; YOUK et al. 2017). The
sonoelastography technique was recently used in attempt to detect malignancy in
superficial lymph nodes of dogs with neoplasia. In this type of compressive elastography,
lymph nodes were classified into four scores according to a qualitative chromatic scale.
A higher frequency of benign lymph nodes with score one (soft elasticity) and a higher
frequency of malignant lymph nodes with score four (rigid elasticity) was found. The
study pointed out that, although it is a subjective method, sonoelastography is another
complementary imaging test for the presumptive diagnosis of malignancy (BELOTTA,
2019).

Silva et al. (2018) described the use of the ARFI elastography technique (Acoustic
Radiation Force Impulse) in evaluating axillary and inguinal lymph nodes in bitches
affected by mammary tumors and obtained excellent sensitivity and specificity in the
results. Cut-off values were determined to verify the malignancy of these lymph nodes,
which can differentiate them from benign and reactive ones: SWV (Shear Wave Velocity)
values greater than 2.5 m / s could identify malignancy in axillary lymph nodes with 95%
sensitivity and 87% specificity. Thus, the ARFI elastography technique can be used as an
important tool for the evaluation of changes in lymph nodes in bitches with mammary
tumors.

CONCLUSION

The assessment of locoregional lymphoid tissues in bitches with mammary tumors
is of great importance for determining a more reliable prognosis performed by the
responsible veterinarian. This review brought relevant information that can contribute to
a better understanding of the lymph nodes in question.
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