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KEY POINTS

� Lymph node staging is diagnostically and therapeutically important and is often important
in determining the prognosis.

� For clinical staging purposes, the regional lymph node or nodes can be excised based on
expected lymphatic drainage patterns or the sentinel lymph node can be identified and
specifically excised.

� Peripheral lymph nodes are often excised based on the expected lymphatic drainage of
the region and the accessibility of the lymph node and potential morbidity of lymph
node excision.

� The sentinel lymph node is the first draining lymph node and is representative of the entire
lymphatic bed, and the sentinel lymph node is frequently different to the regional anatomic
lymph node because lymphatic drainage is variable and unpredictable.

� Sentinel lymph node mapping techniques include contrast-enhanced ultrasonography,
lymphoscintigraphy, intraoperative peritumoral injection of blue dye, intraoperative peritu-
moral injection of a radiocolloid, and indirect lymphography.
INTRODUCTION

Lymph node evaluation is an important part of staging for neoplasia in human and vet-
erinary patients and is an important predictor of prognosis in many tumor types.1–3

Metastasis to the draining lymph node also may predict the potential for distant
metastasis,4 and lymph node removal may be therapeutic as well as diagnostic in
some cases.5–8 Clinical methods of lymph node evaluation include palpation and
lymph node measurement, fine-needle aspiration, imaging with ultrasound or
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computed tomography (CT), and histopathology.9–16 Several studies in the veterinary
literature have shown that palpation characteristics and cytology alone lack sensitivity
and specificity in the evaluation of patients for metastasis to the lymph nodes.9,13,16,17

A recent study evaluating the clinical utility of lymph node cytology for staging solid
tumors in dogs found that the sensitivity was low for sarcoma, melanoma, and mast
cell tumors but high for carcinomas and other round cell tumors.16 CT is often used
clinically to evaluate lymph nodes for metastatic disease. This method has shown clin-
ical utility in the evaluation of tracheobronchial lymph node metastasis in dogs with
pulmonary carcinoma.10,11 Abdominal ultrasound and CT are routinely used to assess
for metastatic disease to the medial ilial and sacral lymph centers in dogs with
apocrine gland anal sac adenocarcinoma (AGASAC) (Fig. 1).18–20 A recent study eval-
uating the diagnostic accuracy of contrast-enhanced CT for assessment of lymph
node metastasis in dogs with tumors of the head reported a sensitivity and specificity
of 11.6% and 94.0%, respectively; a positive and negative predictive value of 41.7%
and 74.3%, respectively; and an overall accuracy of 71.9% (Fig. 2).15 Regardless, his-
topathology remains the gold standard for the assessment of lymph nodes for meta-
static disease, and other methods of evaluation for metastatic disease may lack
accuracy.
The surgical removal of the lymph nodes that drain the head has been described in

dogs, with 3 reported approaches for elective lymph node dissection (Fig. 3).14,21–23
Fig. 1. CT scan of a dog with an apocrine gland anal gland adenocarcinoma and metastasis
to the medial iliac lymph node (arrow). CT scan is more accurate for the detection of met-
astatic intraabdominal lymph nodes, especially sacral lymph nodes within the pelvic canal.



Fig. 2. CT of the skull of a dog showing (A) the mandibular lymph node (arrow) and (B) the
medial retropharyngeal lymph node (arrow). Malignant tumors of the oral cavity and head
most commonly metastasize to the mandibular and medial retropharyngeal lymph nodes.

Fig. 3. (A) Positioning of a dog in dorsal recumbency before elective lymph node dissection
for bilateral removal of the mandibular and medial retropharyngeal lymph nodes via a sin-
gle incision. Elective extirpation of one of the (B) mandibular and (C) medial retropharyng-
eal lymph nodes via a single incision.
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The lymph centers of interest are the parotid, mandibular, and medial retropharyngeal
lymph centers.24 The parotid lymph node drains the dorsal and lateral structures of the
head, the dorsal bones of the skull, the contents of the orbit, the masticatory muscles,
and the caudodorsal muzzle of the dog.24 Consideration should be given to the
removal of this lymph node for tumors that are in these regions of the head. The
mandibular lymph nodes are most commonly sampled because of their peripheral
location and ease of sampling. The mandibular lymph center drains the eyelids, the
skin of the cranium, the temporomandibular joint, the tongue, the pharynx, and the
floor of the oral cavity.24 The lymphatics of the floor of the oral cavity cross at random
points and may drain either ipsilaterally or contralaterally.24 The medial retropharyng-
eal lymph center is not palpable and is more difficult to access surgically, but it is an
important lymph center for clinical staging as it is one of the collecting centers of the
head. The medial retropharyngeal lymph center drains the tongue; walls of the oral,
nasal, and pharyngeal cavities; the salivary glands; the deep external ear; larynx;
esophagus; and deep nasal cavity.24 Importantly, it also receives lymph from the
lateral retropharyngeal, parotid, and mandibular lymph centers.24 It is important to
consider the region of the head of interest when considering the most appropriate
lymph node dissection technique.
One approach to lymph node dissection for tumors of the head describes the ipsi-

lateral removal of the mandibular, parotid, and medial retropharyngeal lymph
nodes.21 The advantage to this approach is that the parotid lymph node is sampled.
However, the disadvantage is that the contralateral lymph nodes are not sampled
with a unilateral approach and hence sampling of the contralateral lymph nodes re-
quires a second surgical approach. An alternative approach for the removal of the
lymph nodes of the head and neck involves removal of the mandibular and medial
retropharyngeal lymph nodes bilaterally through a single ventral incision.14,22,23

This technique has several advantages, including the ability to evaluate the ipsilateral
and contralateral lymph centers, the ability to place Rummel tourniquets via the
same incision for cases where removal of the primary tumor may result in significant
blood loss, and, in some cases, the patient may not need to be repositioned during
the removal of the primary tumor.14,22,23 A recent study evaluating the patterns of
metastasis following the removal of the mandibular and retropharyngeal lymph
nodes bilaterally in dogs with malignancies of the head showed that both the
mandibular and retropharyngeal lymph nodes are potential sites of metastasis and
that contralateral metastasis is common.14

Removal of a peripheral lymph node is generally straightforward. The approach to
each of these lymph centers has been described.25 In general, a skin incision is
made directly over the lymph node and a combination of blunt dissection and electro-
cautery are used with a goal of remaining outside of the lymph node capsule.25 The
vasculature to the hilus of the lymph node can either be cauterized or be ligated.25

Closure of the surgical site is routine.
The decision to remove suspected or confirmedmetastatic lymph nodes fromwithin

a body cavity is more complicated compared with peripheral lymph node extirpation,
and careful assessment of the potential morbidity, risks, and benefits of lymph node
extirpation must be considered. For dogs with pulmonary carcinoma, tracheobron-
chial lymph node metastasis has been shown to be prognostic for survival,26 and
the tracheobronchial lymph nodes are routinely removed at the time of primary tumor
removal. In human patients with pulmonary neoplasia, the approach to lymph node
dissection is determined by the lung lobe affected and is a directed lymph node
dissection.27,28 In veterinary oncology, tracheobronchial lymph node removal is less
precise and usually only accessible and/or enlarged tracheobronchial lymph nodes
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are extirpated.3 Removal of the tracheobronchial lymph nodes via an open approach
to the thorax is accomplished by palpation of the lymph node directly and blunt
dissection about the lymph node. Care is taken to avoid damaging the structures in
this area, notably the aorta, pulmonary vasculature, and bronchus (Fig. 4). If lung lo-
bectomy is performed by thoracoscopy, one potential drawback is that lymph node
removal is more complicated via this approach. However, removal of the tracheobron-
chial lymph nodes via thoracoscopy has been described.29

AGASAC in dogs will frequently metastasize to the iliosacral lymph cen-
ters.5,6,18–20,30 Despite often substantial metastatic disease to the lymph nodes within
the abdomen in dogs with AGASAC, removal of the primary mass and metastatic
lymph nodes is recommended because this results in a significant improvement in sur-
vival times.5,6 When the lymph nodes are grossly enlarged, the decision to extirpate
the lymph nodes is straightforward, especially as the enlarged medial iliac lymph
nodes may contribute to the clinical signs associated with rectal obstruction.5,6,30

When the lymph nodes are not considered metastatic based on preoperative imaging,
elective lymph node dissection is generally not performed primarily due to increased
surgical time and patient morbidity without a documented clinical benefit. The use of
laparoscopy to assess and remove these lymph nodes has been reported and may
decrease the morbidity of this procedure.31

In human surgical oncology, there has been an increasing trend away from
dissection of a specific lymph node or regional lymph node beds in preference
for sentinel lymph node (SLN) mapping and biopsy.32,33 There are several theoretic
and practical drawbacks to nonselective lymph node dissection techniques,
including incomplete staging with a risk of missing metastatic lymph nodes and a
greater potential for postoperative morbidity and complications with no associated
survival benefit.32–34
Fig. 4. Left lateral thoracotomy following lung lobectomy for a primary bronchoalveolar
carcinoma (cranial is toward the left top corner of image). A tracheobronchial lymph
node is being removed for clinical staging purposes (arrow).
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One of the concerns with nonselective lymph node extirpation is that lymphatic
drainage patterns are not uniform or predictable. Single afferent lymphatic vessels
can drain into a single lymph node, multiple afferent lymphatic vessels can drain
into a single lymph node, and single divergent or multiple afferent lymphatic vessels
can drain into more than one lymph node.35 In people, preoperative scintigraphy
has identified aberrant lymphatic drainage in 48%, 23%, 12%, and 8% of patients
with melanomas of the head and neck, trunk, upper extremities, and lower extremities,
respectively.35 A similar finding was reported in dogs with mammary tumors.36

Furthermore, there is indirect evidence of a similar lack of uniformity in lymphatic
drainage in other anatomic regions in dogs and cats. In veterinary medicine, the
regional anatomic lymph node is often aspirated or biopsied to determine the absence
or presence of metastatic disease; however, because of the possibility of aberrant
lymphatic drainage from the tumor, the regional anatomic lymph node may not be
the first draining lymph node (or SLN). In a study of 19 dogs with cutaneous mast
cell tumors, 8 dogs (42%) had SLNs different to the regional anatomic lymph
node.37 As previously described, the regional lymph nodes for head tumors include
the mandibular, parotid, and medial retropharyngeal lymph nodes; however, the pa-
rotid and medial retropharyngeal lymph nodes are not externally palpable. In one
study, only 55% of 31 cats and dogs with oral tumors and metastasis to the regional
lymph nodes had metastasis to the mandibular lymph nodes, with metastasis to the
medial retropharyngeal and parotid lymph nodes in the remaining cases.38 Hence,
approximately 45% of animals with cutaneous mast cell tumors and oral tumors would
have had the incorrect lymph node sampled and metastatic disease missed if only the
regional anatomic lymph node was aspirated or biopsied.
Extensive nonselective lymph node dissections were commonly performed in

women with breast, vulvar, cervical, and endometrial cancer for clinical staging pur-
poses to avoid missing potential metastatic lymph nodes; however, this was associ-
ated with a higher risk of complications (including lymphedema, lymphocysts,
wound dehiscence, nerve disruption, and chronic pain), longer hospitalization times,
long-term morbidity, and no survival benefit.39–45 As discussed earlier, similar ap-
proaches have been described in cats and dogs, especially with oral tumors.14,21–23

Although the complication rate is not significantly greater with these more extensive
lymph node dissections, each described approach has the potential to miss metasta-
tic lymph nodes. The unilateral approach for extirpation of the ipsilateral mandibular,
medial retropharyngeal, and parotid lymph nodes21 misses metastasis to the contra-
lateral lymph nodes, which has been reported in 62% of dogs with malignant oral tu-
mors.14 Dissection of the ipsilateral and contralateral mandibular and medial
retropharyngeal lymph nodes has been described14,22,23; however, this approach
does not include the parotid lymph nodes and metastasis to the parotid lymph node
has been documented.38 Furthermore, the buccal lymph node was identified as the
SLN in a cat with a malignant melanoma of the lip by one of the authors (JML) (Fig. 5).
To minimize the risk of these less discriminate approaches, SLN mapping and bi-

opsy techniques have been developed in human medicine for many different tumor
types and are increasingly being adopted in veterinary medicine. The SLN is an
important concept in surgical oncology and has been described as the “most perva-
sive innovation in surgical oncology.”32 The SLN concept is based on the theory that
the metastatic process occurs in an orderly progression within the lymphatic system
with tumor cells draining into a specific lymph node (ie, SLN) in a regional lymphatic
field before draining into other regional lymph nodes.41,46 The SLN has an important
role as a filter and barrier for disseminating tumor cells.46 Conceptually, distant
metastasis should not be present if the SLN does not have evidence of a tumor



Fig. 5. Indirect lymphography with 4-quadrant peritumoral injection of Lipiodol in a cat
with an incompletely excised malignant melanoma of the lip. Regional lateral (A) and ven-
trodorsal (B) radiographs of the head 24 hours post-Lipiodol injection show that the SLN is
the buccal lymph node. This case illustrates the importance of SLN mapping in the clinical
staging of patients with malignant tumors because the lymphatic drainage of malignant tu-
mors is not predictable and routine sampling of the regional anatomic lymph node can miss
potentially metastatic lymph nodes.
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burden, but distant metastasis is possible if the SLN has histologic evidence of met-
astatic tumor cells. Hence, the status of the SLN may reflect the status of the entire
regional lymphatic bed; the probability that a non-SLN is positive for metastatic dis-
ease when the SLN is free of tumor is less than 0.1%.46,47 SLNs are successfully
identified in more than 94% to 99% of women with breast cancer,40,41,45,48 97%
of women with endometrial cancer,49 98% of people with squamous cell carcinoma
of the tongue,50 and 94% of patients with gastric cancer.51,52 The SLN is not specific
for tumor type or location, and it changes from patient to patient. In people, identi-
fication of the SLN is important in the diagnosis of lymph node metastasis, early iden-
tification of patients requiring additional therapeutic options to manage metastatic
disease (such as more extensive lymph node dissection and adjuvant chemotherapy
or radiation therapy), and establishing a prognosis.40,41 Similarly, 42% of dogs with
cutaneous mast cell tumors were offered additional treatments as a result of their
SLN biopsy results that otherwise would not have been discussed.37 In one study
of nonselective bilateral mandibular and medial retropharyngeal lymph node extirpa-
tion in dogs with oral tumors, 31% of dogs had metastasis to all 4 extirpated lymph
nodes14; theoretically, animals with metastatic SLNs would be candidates for more
extensive dissections of the regional lymph node bed. Despite the importance of
SLNs in numerous types of cancer in human oncology (including head and neck can-
cer, breast cancer, cutaneous melanoma, gastric carcinoma, colon cancer, and geni-
tourinary cancers), this concept is just beginning to be investigated and accepted in
veterinary medicine.
SLNs can be identified using several techniques, including contrast-enhanced ultra-

sonography; lymphoscintigraphy; peritumoral injection of blue dye or indocyanine
green; and intraoperative cytology, histopathology, or one-step nucleic acid
amplification.40,41,45,53–55 The use of preoperative lymphoscintigraphy has been re-
ported in both human and veterinary medicine. In human medicine, the advantages
of preoperative lymphoscintigraphy include documentation of the lymphatic drainage
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pattern and the number of SLNs, and for surgical planning because the location of the
SLN is known before surgery.41 Lymphoscintigraphy using 99m-technetium dextran
has been used to investigate mammary lymphatic drainage in dogs.36 This showed
a wide variety of lymphatic drainage and SLN locations with the first and secondmam-
mary glands draining into the cranial sternal, axillary, and superficial cervical lymph
nodes, and the fourth and fifth mammary glands draining into the superficial inguinal
and medial iliac lymph nodes.36 Furthermore, 44% of dogs had communications be-
tween lymph nodes. Disadvantages include cost and decreased sensitivity when
compared with an intraoperative gamma probe as radioactive SLNs are frequently
identified in cases with negative preoperative lymphoscintigraphy scans.41 In veteri-
nary medicine, an additional disadvantage is the limited number of facilities with nu-
clear medicine capabilities.
In people, the most commonly used intraoperative SLNmapping techniques include

peritumoral injections of a radioactive isotope and/or a blue dye, although near-
infrared imaging with indocyanine green dye is becoming more popular.45 The SLN
mapping learning curve and identification rate are significantly improved when both
techniques are used in combination.40,41 Technetium 99m-labelled sulfur colloid is
the preferred isotope for SLN mapping, although others have been described.40,41

Successful identification of the radioactive isotope depends on isotope uptake from
the peritumoral tissue by lymphatics and the transit time to the SLN.40 Isotope uptake
and transit time depend on the size of the isotope and the volume of the injection.40

Uptake and transit time are quicker with smaller particulate size and larger volumes
of injection. The transit of radiocolloids will often terminate in the first SLN, which en-
sures better identification of the SLN, whereas blue dyes have the potential to pass
into secondary echelon lymph nodes.40 There are several disadvantages with the
use of radioactive isotopes, including legislation governing the administration of radio-
pharmaceuticals to patients and the handling of radioactive materials.41,45 Further-
more, the use of radiocolloids results in radioactive contamination of all swabs and
drapes used during surgery (and hence protocols need to be designed to appropri-
ately deal with these waste materials), and surgeons and surgical staff need to be
appropriately trained to manage waste.41,45 Lastly, for veterinary medicine, these
facilities are not widely available and the gamma probe used intraoperatively is
expensive.
The peritumoral injection of a blue dye enables the surgeon to identify blue-stained

lymphatic tracts draining from the tumor (Fig. 6) and, by following these tracts, allows
identification of the SLN. Several dyes have been used for this purpose (such as patent
blue dye, isosulphan blue, and methylene blue), and all have the common character-
istic of weak binding to albumin, which permits their absorption into the lymphatics
and delineation of the lymphatic drainage of tumors.40,41,45 Patent blue dye and isosul-
phan blue can both result in allergies, ranging from skin rashes to life-threatening
anaphylaxis, in 1% to 3% of people.40,41,45 Methylene blue is associated with a lower
risk of allergies but can induce an intense tissue reaction, which may result in skin ne-
crosis if injected superficially.40,41,45 The risks of allergies and tissue reactions have
not been evaluated in cats and dogs. The injection of blue dye causes skin staining,
which typically lasts several months, but may also cause permanent tattooing. The
intraoperative evaluation of surgical margins can be difficult following peritumoral in-
jection of blue dye (Fig. 7) and hence the marking of surgical margins with a sterile per-
manent marker pen is recommended before SLN mapping with a blue dye. All blue
dyes enter the circulation, which may make patients seem cyanotic and interfere
with pulse oximetry.40,41,45 The blue dye is excreted in urine postoperatively and
hence urine may seem discolored.41



Fig. 6. Intraoperative image following 4-quadrant periturmoral injection of methylene
blue. The afferent lymphatics draining the tumor and the SLN are discolored blue; this aides
in identification of the SLN and, when used in combination with other techniques, increases
the accuracy of identifying the SLN.
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SLN identification using blue dye alone is a difficult technique to learn and requires a
wider surgical exposure to trace the afferent lymphatics to the SLN.41 Meta-analyses
in human oncology shows that the SLN identification rate is lower, and the false-
negative rate higher, when using either blue dye alone (86%) or radiocolloid alone
Fig. 7. (A) The planned 2 cm lateral surgical margins around a cutaneous mast cell tumor on
the antebrachium of a dog are marked with a sterile marker pen and then methylene blue is
injected in 4 quadrants peritumorally. (B) The methylene blue stains the skin and can make
intraoperative identification of tumor margins difficult. Marking the surgical margins
before peritumoral methylene blue injection improves identification of the lateral margins
required for wide tumor resection.



Liptak & Boston802
(86%) compared with a combination of both techniques (96%).45 In people, the
preferred SLN mapping technique involves a combination of intraoperative blue dye
and radioisotope as this is easier with a shorter learning curve, surgical dissection is
less extensive, the SLN is more likely to be identified, and this is especially so for
SLNs in an abnormal location.41 This has been investigated in 24 dogs with various
spontaneous tumors with 89% of SLNs identified using preoperative lymphoscintigra-
phy, 97% with an intraoperative gamma probe, and 77% with intraoperative blue
dye.56 One of the SLNs missed with the gamma probe was identified with intraoper-
ative blue dye mapping. In a pilot study of 6 dogs, the tracheobronchial SLN was iden-
tified in 5 dogs using technetium sulfur colloid and in 3 dogs with isosulphan blue
dye.57 In a clinical study of 7 dogs with lung tumors, the SLN was identified in 5
dogs with a gamma probe and in 2 dogs with methylene blue.3 The major obstacle
to SLN mapping in veterinary medicine is the poor availability of the commonly
used radioactive SLN techniques in human medicine, such as lymphoscintigraphy
and intraoperative radiocolloids. For this reason, indirect lymphography has been an
active area of research in veterinary oncology.
The 2 most common methods are the use of a water-soluble contrast agent (iopa-

midol) in combination with CT scan imaging58–61 and the use of a lipid-soluble contrast
agent (Lipiodol) in combination with regional radiographs 24 hours after contrast agent
injection.58,62 In one study of 33 dogs with mammary tumors, SLN mapping was per-
formed with 4-quadrant peritumoral injection of 1 mL iopamidol (370 mg/ml).59 A he-
lical CT scanner was used to acquire 3 mm transverse images at 1 minute and
3 minutes postinjection. Three SLN patterns were identified: homogenous (uniform
distribution of contrast agent), heterogenous (nonuniform distribution of contrast
agent), and absent. Dogs with homogenous SLN pattern did not have evidence of
metastatic nodal disease. Of the 16 dogs with metastatic SLNs, 13 dogs had a heter-
ogenous SLN pattern. In addition, the degree of contrast enhancement (defined as the
median absolute density in Hounsfield units) was significantly less in dogs with metas-
tasis compared with dogs without metastasis in their SLNs at both 1 minute and 5 mi-
nutes (but better at 1 minute). The size and shape of metastatic and nonmetastatic
SLNs were also significantly different with metastatic SLNs having larger minimum
and maximum diameters.59 A similar indirect lymphography technique was reported
in 13 dogs with AGASAC60 and 18 dogs with tumors of oral cavity and head.61 In
the former study, the lymphatic pathway and SLN were identified in 12 dogs (92%)
with the SLN being ipsilateral to the local AGASAC in 8 dogs and contralateral in 4
dogs. The SLNs included sacral, internal iliac, and medial iliac lymph nodes.60 In the
latter study, the SLN was identified within 3 minutes of the contrast injection in 16
dogs (89%).61 The SLN was the superficial cervical lymph node in 1 dog with a pinna
tumor and themandibular lymph node in the remaining dogs; the SLNwas ipsilateral in
14 dogs (88%), contralateral in one dog, and bilateral in one dog.61 In another study,
indirect lymphography using a lipid-soluble contrast agent, Lipiodol, was investigated
in 29 dogs with 30 tumors.62 The indirect lymphography technique included 4-quad-
rant peritumoral injection of up to 2.5mL Lipiodol (480mg/mL) under sedation 24 hours
before surgery (Fig. 8A). On the day of surgery, regional radiographs were performed
to identify the SLN preoperatively (Fig. 8B). The preoperative SLN mapping was com-
bined with intraoperative 4-quadrant peritumoral injection of 1 to 2 mL of methylene
blue (see Fig. 7). The SLN was then excised (Fig. 8C). The SLN was identified in
97% of dogs with preoperative Lipiodol injection and there was agreement with intra-
operative methylene blue in 85% of dogs.62 This is an attractive alternative to other
direct and indirect techniques because it uses facilities readily available in most hos-
pitals (ie, radiology) and is less costly than other SLN mapping techniques. The only



Fig. 8. Indirect lymphography technique using preoperative Lipiodol and intraoperative
methylene blue. (A) Four-quadrant peritumoral injection of Lipiodol is performed under
sedation in a dog with a pinna mast cell tumor. (B) Regional radiographs are performed
24 hours after Lipiodol injection. In this case, the SLN is the superficial cervical lymph
node. (C) Following intraoperative 4-quadrant peritumoral injection of methylene blue
(see Fig. 7), a directed approach is made over the SLN identified on preoperative radio-
graphs and the blue discolored SLN is extirpated and submitted for histopathology.
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disadvantage is that this technique is a two-stage process separated by 24 hours
because of the slower uptake of Lipiodol into the peritumoral lymphatics.
The future of SLN mapping and biopsy is exciting with several techniques being

developed and investigated. The use of contrast-enhanced ultrasound has shown
promise in both people63,64 and dogs.12,65,66 First- and second-generation contrast
agents have been investigated with the newer products (eg, SonoVue, Sonazoid) sta-
bilizing the microbubbles using an inert gas rather than air.63 Following intradermal
peritumoral injection of the contrast agent, the area is massaged to encourage uptake
of the microbubbles into the lymphatic system. Using contrast pulse sequencing,
microbubbles are identified within the lymphatics and followed in real time to the pre-
sumptive SLN.63 This SLN is then either aspirated or biopsied. In one meta-analysis,
ultrasound-guided biopsies had a 54% sensitivity and 100% specificity for the diag-
nosis of metastatic SLNs in people.67

Alternative intraoperative techniques to radiocolloids and blue dyes include near-
infrared image-guided and superparamagnetic iron oxide (SPIO)-guided SLN bi-
opsy.45 For fluorescent optical intraoperative image-guided SLN biopsies, an optical
imaging camera system and a near-infrared fluorescent tracer with an affinity for
lymph nodes are required. SLNs are identified by fluorescence emitted from dyes
that accumulate in the SLNs. Indocyanine green is the most commonly used tracer
for SLN mapping because it fluoresces in the near-infrared spectrum (absorption
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765 nm, emission 840 nm), thus providing a very high signal-to-background ratio. In 23
studies reported to date, the SLN identification rate was 93% or greater.45 Further-
more, identification rates were greater for indocyanine green than blue dyes and com-
parable to radiocolloids in most of the studies.45

SPIO has been used as a contrast agent for MRI for more than 20 years and can
respond to an external magnetic field but does not have magnetic properties in the
absence of magnetic fields.45 After subcutaneous injection, SPIO can accumulate in
the lymph nodes and then a handheld magnetometer is used to magnetize the
SPIO.45,68 SLN identification is guided by both the magnetometer and brown to black
discoloration of the SLN.68 In one meta-analysis, the SLN identification rate was
97.1% compared with 96.8% for standard radioisotope and/or blue dye.68 Advan-
tages of the SPIO tracer include that it is not radioactive and it is easy to obtain,45

which make it a suitable alternative to some of the other techniques commonly
used in human surgical oncology and which have limited applicability to veterinary
medicine because of either costs, availability, or legislative restrictions.
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