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Abstract

Sentinel lymph node (SLN) mapping plays a pivotal role in oncological staging in veteri-
nary medicine. However, conventional techniques often depend on radioactive tracers
or specialized imaging equipment that is unavailable in many clinical settings. This brief
report describes the use of indirect radiographic lymphography with the non-ionic iod-
inated contrast agent iohexol for SLN identification in a dog with auricular melanoma.
A 12-year-old spayed female mixed-breed dog presented with an ulcerated cutaneous
mass affecting the left auricle. Cytological evaluation was consistent with a melanocytic
neoplasm. Immediately before surgery, iohexol was administered intradermally at four
peritumoral sites (0.75 mL per cm2). Radiographic images acquired 3 and 4.5 min after
injection demonstrated lymphatic drainage to the superficial ventral and superficial dorsal
cervical lymph nodes, which were identified as sentinel lymph nodes. The patient under-
went vertical ear canal ablation, conchectomy, partial auriculectomy, and excision of the
mapped sentinel lymph nodes. Histopathological examination confirmed a mixed-type
cutaneous melanoma with macrometastatic involvement of the superficial ventral cervical
sentinel node and micrometastatic deposits in both the superficial dorsal cervical and left
parotid lymph nodes. Although the parotid lymph node was not enlarged radiographi-
cally, afferent lymphatic channels indicated contrast uptake, and histopathology confirmed
metastatic involvement. This finding supports considering elective regional lymphadenec-
tomy alongside sentinel lymph node biopsy in similar cases. An incidental cutaneous
hemangiosarcoma was identified at a distant abdominal site, excised with complete mar-
gins, and was unrelated to the primary tumor. No systemic adverse effects associated
with iohexol administration were observed, and only transient mild-to-moderate localized
edema developed at the injection site, resolving spontaneously without treatment. These
findings suggest that iohexol-based indirect radiographic lymphography is a practical, safe,
and accessible technique for sentinel lymph node identification and may represent a promis-
ing, though not yet validated, alternative for lymphatic staging in veterinary oncology,
although further prospective studies are needed to establish its diagnostic accuracy.
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1. Introduction
Accurate assessment of regional lymph node status is a fundamental component of

oncological staging in dogs, as lymph node metastasis is an important prognostic indicator
that directly influences surgical planning, therapeutic decision-making, and overall clinical
management [1,2]. Among canine neoplasms, cutaneous and mucosal melanomas are
particularly aggressive because of their early propensity for lymphatic dissemination,
which may occur even in the absence of clinically enlarged regional lymph nodes [3,4].
Consequently, sentinel lymph node (SLN) biopsy has gained increasing acceptance in
veterinary oncology as a reliable approach for detecting occult metastatic disease and
improving staging accuracy [1].

Several SLN mapping techniques have been validated in dogs, including planar lym-
phoscintigraphy using technetium-99m-labeled colloids, intradermal administration of
vital dyes such as methylene blue or patent blue, and near-infrared fluorescence imaging
with indocyanine green (ICG) [5–8]. Although these methods have demonstrated satisfac-
tory diagnostic performance, their widespread clinical use remains limited by the need for
specialized equipment, radiopharmaceutical licensing, or dedicated imaging systems that
are unavailable in many veterinary institutions [6,7,9].

Indirect radiographic lymphography using water-soluble iodinated contrast media
has emerged as a practical and accessible alternative for SLN identification. Following
intradermal peritumoral injection, the contrast agent enters the lymphatic vessels and
opacifies afferent channels, allowing visualization of the first draining lymph node using
conventional radiographic equipment. Iohexol, a low-osmolality non-ionic iodinated
contrast medium routinely available in veterinary hospitals, has an established safety
profile and does not require specific regulatory authorization for clinical application [10].
Previous studies have demonstrated the feasibility of iohexol-based lymphography for SLN
mapping in dogs with cutaneous mast cell tumors, soft tissue sarcomas, and oral neoplasms,
reporting detection rates and anatomical agreement comparable to those achieved with
lymphoscintigraphy [11,12].

Lymphatic drainage of the canine head and neck is highly variable, making prediction
of sentinel lymph nodes based solely on anatomical landmarks unreliable [13]. Individual
differences in drainage patterns may result in metastatic spread to unexpected lymphatic
basins, emphasizing the importance of patient-specific mapping techniques. This brief
report describes the application of indirect radiographic lymphography with iohexol for
preoperative SLN mapping in a dog with auricular melanoma and correlates the imaging
findings with histopathological confirmation of nodal metastasis.

2. Results
A 12-year-old spayed female mixed-breed dog weighing 8.8 kg was presented for

evaluation of a slowly progressive ulcerated nodular mass involving the left auricle. Ac-
cording to the owner, the lesion had first been noticed approximately six months before
presentation. Physical examination revealed a firm, multinodular cutaneous mass mea-
suring 3 × 4 × 2.5 cm. An additional small cutaneous nodule was incidentally identified
on the ventral abdominal wall. Regional lymph nodes (mandibular, superficial cervical,
and parotid) were bilaterally symmetrical, soft, and non-palpable as discrete enlarged
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structures on physical examination, with no evidence of increased firmness or fixation to
adjacent tissue.

Three-view thoracic radiographs, abdominal ultrasonography, complete blood count
(CBC), and serum biochemical analysis showed no evidence of distant metastasis or other
clinically significant systemic abnormalities. Fine-needle aspiration cytology of the auricu-
lar lesion yielded a highly cellular sample composed of round-to-polygonal melanocytic
cells containing variable amounts of intracytoplasmic melanin pigment, consistent with a
melanocytic neoplasm. Preoperative electrocardiographic and echocardiographic evalua-
tions were unremarkable.

Based on the preoperative diagnostic workup, the patient was clinically staged as
cT2N0M0 according to the World Health Organization (WHO) TNM classification system
for canine tumors, as no evidence of regional lymph node enlargement or distant metastasis
was identified. Following histopathological evaluation confirming metastatic involvement
of the regional lymph nodes, the final pathological stage was consistent with pT2N1M0.
The T2 category corresponds to a primary tumor measuring 2–4 cm in greatest diameter,
according to the World Health Organization TNM staging scheme for canine melanoma [14];
the primary auricular mass (3 × 4 × 2.5 cm) met this criterion based on its largest dimension.
N0 reflected the clinical absence of palpable or radiographically enlarged regional lymph
nodes at initial staging, whereas N1 was assigned after histopathological confirmation
of nodal metastasis, illustrating the distinction between clinical (c) and pathological (p)
staging within the TNM system.

Six days after cytological diagnosis, the patient underwent surgical treatment under
general anesthesia. Sentinel lymph node mapping using iohexol-based indirect radio-
graphic lymphography was performed immediately before surgery, as described in the
Materials and Methods Section.

Radiographic examination demonstrated opacification of afferent lymphatic vessels
draining toward both the superficial ventral cervical and superficial dorsal cervical lymph
nodes (Figure 1). Based on these findings, both lymph nodes were identified as sentinel
lymph nodes. A lymph node was operationally defined as sentinel when direct and con-
sistent convergence of contrasted afferent lymphatic vessels onto that node was observed
within the initial imaging window (3 and 4.5 min after injection), before redistribution of
contrast to secondary lymphatic stations.

Figure 1. Indirect radiographic lymphography with iohexol. (A) Ventrodorsal radiographic image
showing superimposed, radiopaque cervical lymph nodes (LN) (orange arrow), acquired 4 min and

https://doi.org/10.3390/lymphatics4030038

https://doi.org/10.3390/lymphatics4030038


Lymphatics 2026, 4, 38 4 of 10

30 s after injection. (B) Lateromedial radiograph of the ipsilateral cervical region obtained 3 min
after intradermal peritumoral injection (0.75 mL per cm2; total 9 mL), showing the superficial dorsal
(orange arrow) and ventral (yellow arrow) cervical LNs with increased radiopacity. Contrast opaci-
fication of afferent lymphatic channels (arrowheads) is evident, converging on both the superficial
ventral (yellow arrow) and superficial dorsal (orange arrow) cervical LNs, both of which were des-
ignated as sentinel nodes. Labels have been added to the figure to clearly identify the superficial
dorsal and superficial ventral cervical LNs in each panel. The parotid LN is not marked in this figure
because it did not show clear radiographic opacification or enlargement and therefore did not meet
the operational criterion for a sentinel node, although faint afferent lymphatic uptake toward this
region was noted on the original images (see Section 2).

Surgical treatment included vertical ear canal ablation, conchectomy, partial auriculec-
tomy, excision of the superficial ventral and superficial dorsal cervical sentinel lymph
nodes, removal of the left parotid lymph node, and excision of the abdominal cutaneous
nodule. The procedure was completed without intraoperative complications, with a total
anesthetic time of 95 min.

Histopathological examination confirmed a completely excised mixed-type cutaneous
melanoma composed of epithelioid and spindle-cell populations. Surgical margins were
free of neoplastic infiltration. The superficial ventral cervical sentinel lymph node con-
tained macrometastatic melanoma (>2 mm), whereas the superficial dorsal cervical sen-
tinel lymph node and the left parotid lymph node contained micrometastatic deposits
(≤2 mm). In the macrometastatic node, neoplastic cells replaced approximately 30–40% of
the nodal parenchyma. This 2 mm cut-off, adapted from human oncology staging criteria
in the absence of a validated species-specific threshold for dogs, was used to distinguish
micrometastatic from macrometastatic deposits, consistent with the adaptation of this crite-
rion previously applied in canine mammary carcinoma staging [15]. Histological grading
of the primary tumor showed moderate anisokaryosis and anisocytosis, marked cellular
pleomorphism, moderate nuclear pleomorphism, a mitotic index of 116 mitotic figures per
2.37 mm2, and no lymphovascular invasion.

Although the left parotid lymph node was not clearly opacified or enlarged on ra-
diographic examination, afferent lymphatic channels leading to this node were visible
following contrast administration; based on the operational criterion described above, this
node was therefore not classified as a sentinel lymph node, but was instead removed as
part of an elective regional lymphadenectomy performed on the basis of its anatomical
proximity to the primary tumor. Histopathological confirmation of metastatic involvement
in this non-sentinel node indicates that incomplete or absent radiographic opacification
does not exclude occult metastatic disease and may represent a false-negative finding of
the lymphographic technique. This finding supports considering elective regional lym-
phadenectomy in combination with sentinel lymph node biopsy in similar cases of canine
melanoma. Melanin pigment within metastatic foci was confirmed by Fontana–Masson
staining (Figure 2), and the melanocytic origin was further supported by positive im-
munolabeling for Melan-A and PNL2, performed on sections of the primary tumor. The
abdominal lesion was diagnosed as a primary cutaneous hemangiosarcoma unrelated to
the auricular melanoma and was excised with complete surgical margins.

Postoperative recovery was uneventful, and the patient was discharged 48 h after
surgery. Because hematological evaluation revealed pre-existing bone marrow hypoplasia,
adjuvant chemotherapy was not initiated. Although metronomic treatment with cyclophos-
phamide and piroxicam was considered, it was ultimately contraindicated because of the
degree of myelosuppression.

Approximately two months after surgery, local recurrence developed at the previous
cervical lymph node excision site. The recurrent lesion was surgically removed and pro-
cessed for the production of an autologous tumor lysate vaccine through an institutional
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immunotherapy program at the University of São Paulo. The patient subsequently received
four vaccine administrations at 21-day intervals.

Figure 2. (A) Primary auricular neoplasia. Neoplastic cells arranged in nests and multidirectional
bundles, comprising polyhedral to spindle-shaped cells, some with melanin-filled cytoplasm (arrow).
10× magnification. H&E. (B) Polyhedral to spindle-shaped cells with moderate amounts of melanin-
filled cytoplasm. 40× magnification. H&E. (C) Metastasis in the superficial ventral cervical lymph
node. A lymphoid follicle is visible (black arrow), with the cortical layer showing atypical neoplastic
cells containing melanin-filled cytoplasm. 10× magnification. H&E. (D) Fontana–Masson staining of
melanoma metastasis in the lymph node, demonstrating melanin pigment. 10× magnification.

Despite treatment, serial thoracic radiographs demonstrated progressive pulmonary
metastatic disease. Systemic chemotherapy was attempted but discontinued after a single
treatment because of severe myelosuppression associated with the pre-existing bone mar-
row disorder. The patient’s clinical condition progressively deteriorated, and euthanasia
was elected approximately five months after the initial surgery. Necropsy confirmed dis-
seminated metastatic melanoma involving the lungs, liver, and an intrathoracic lymph node,
together with a recurrent cutaneous nodule at the cervical surgical site; the melanocytic
origin of these lesions was confirmed by Fontana–Masson staining. Bone marrow hypopla-
sia was confirmed both grossly and microscopically. Incidental findings unrelated to the
melanoma included a benign gastric leiomyoma and mild multinodular atrioventricular
valve degeneration (endocardiosis).

No systemic adverse events associated with iohexol administration were observed
during the perioperative period or subsequent follow-up. The only procedure-related
adverse effect was transient mild-to-moderate localized edema at the injection sites, which
resolved spontaneously without therapeutic intervention.

3. Discussion
This brief report demonstrates the successful application of indirect radiographic lym-

phography with iohexol for preoperative SLN mapping in a dog with auricular melanoma.
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Histopathological evaluation confirmed metastatic involvement of the mapped sentinel
lymph nodes, supporting the clinical utility of this technique for lymphatic staging in
canine melanoma. To the best of the authors’ knowledge, this is the first published report
describing the use of iohexol-based indirect radiographic lymphography specifically for
SLN mapping in canine auricular melanoma.

The correspondence between lymphographic findings and histopathological confirma-
tion highlights the biological relevance of individualized lymphatic mapping in tumors of
the head and neck. Cervical lymphatic drainage in dogs is characterized by considerable
anatomical variability, and metastatic dissemination does not always follow predictable
anatomical pathways [13,16]. Consequently, reliance on anatomical landmarks alone may
result in inaccurate identification of regional draining lymph nodes and potential under-
staging of the disease.

In the present case, both the superficial ventral cervical and superficial dorsal cervical
lymph nodes demonstrated contrast enhancement and were identified as sentinel lymph
nodes. This drainage pattern differs from conventional anatomical descriptions of the
canine pinna, which generally identify the superficial dorsal cervical lymph node as the
primary drainage basin [13]. The observed variation reinforces the importance of functional
lymphatic mapping for individualized surgical planning rather than depending exclusively
on anatomical expectations.

An additional finding of clinical relevance was the metastatic involvement of the left
parotid lymph node. Although this node was neither enlarged nor clearly opacified during
radiographic evaluation, visualization of afferent lymphatic vessels suggested lymphatic
communication with the primary tumor. Histopathological examination subsequently
confirmed micrometastatic disease, indicating that subtle lymphographic findings may still
represent clinically significant metastatic pathways. This observation also suggests that
incomplete contrast opacification should not be interpreted as evidence of the absence of
metastatic involvement. The primary tumor also displayed a markedly elevated mitotic
index (116 mitotic figures per 2.37 mm2), far exceeding the threshold of approximately
3 mitotic figures per 10 high-power fields previously associated with reduced survival
in cutaneous melanocytic neoplasms [3], consistent with the aggressive clinical course
observed in this case.

From a practical perspective, indirect radiographic lymphography using iohexol of-
fers several advantages. The contrast agent is routinely available in veterinary hospitals,
has an established safety profile, and can be administered without the regulatory re-
quirements associated with radiopharmaceuticals [10,17]. Furthermore, image acquisition
requires only conventional radiographic equipment, making the technique feasible in insti-
tutions that lack access to nuclear medicine facilities or near-infrared fluorescence imaging
systems [5,7,12,18]. These reduced logistical and infrastructural requirements, rather than
a formally demonstrated cost advantage, may facilitate broader implementation of sentinel
lymph node mapping in routine veterinary oncology practice.

The timing of image acquisition represents an important technical consideration. Previ-
ous studies have demonstrated that optimal visualization of lymphatic vessels and sentinel
lymph nodes occurs within the first few minutes after intradermal contrast administration,
before redistribution to secondary lymphatic stations reduces image contrast [12,19]. In
the present case, radiographs obtained at 3 and 4.5 min after injection provided clear
delineation of both afferent lymphatic vessels and sentinel lymph nodes, emphasizing the
importance of close coordination between the surgical and radiographic teams to ensure
appropriate image timing.

Several limitations should be acknowledged. As a single-case report, this study does
not allow assessment of the diagnostic accuracy, sensitivity, specificity, or false-negative
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rate of iohexol-based lymphography. In addition, no reference imaging modality, such as
lymphoscintigraphy or indocyanine green fluorescence imaging, was available for direct
comparison. Therefore, although the mapped lymph nodes proved metastatic, the rela-
tive performance of this technique cannot be established from the present report alone.
Additional limitations include the absence of pre-contrast and post-excision radiographs,
the acquisition of images at only two fixed time points, and the lack of an intraopera-
tive confirmation method for the lymph nodes localized by preoperative imaging; these
methodological constraints should be addressed in future prospective studies.

The incidental diagnosis of a primary cutaneous hemangiosarcoma at a distant anatom-
ical site did not interfere with lymphatic mapping or interpretation of the imaging findings.
Nevertheless, this observation illustrates the occurrence of synchronous primary neoplasms
in geriatric dogs and emphasizes the importance of comprehensive clinical evaluation dur-
ing oncological staging [20].

Interpretation of the patient’s clinical outcome should also be approached with caution.
Pre-existing bone marrow hypoplasia limited the use of systemic chemotherapy and sub-
stantially influenced postoperative therapeutic options. Consequently, disease progression
cannot be attributed solely to the biological behavior of the melanoma, as the inability to
administer standard adjuvant treatment likely contributed to the unfavorable outcome.

Despite these limitations, the present report expands the evidence supporting iohexol-
based indirect radiographic lymphography as a feasible approach for sentinel lymph node
mapping in dogs. Future research should prioritize prospective comparative studies against
established reference techniques, particularly lymphoscintigraphy and near-infrared fluo-
rescence imaging, to determine the diagnostic accuracy, concordance, and false-negative
rates of iohexol-based mapping. Such investigations will be essential to define its role
within standardized staging protocols and to support broader clinical adoption in veteri-
nary surgical oncology.

4. Materials and Methods
Six days after cytological diagnosis, the dog underwent surgical treatment under

general anesthesia. Premedication consisted of morphine (0.5 mg/kg IM), followed by
induction with propofol (3 mg/kg IV) and ketamine (1 mg/kg IV). Anesthesia was main-
tained with isoflurane in oxygen. Regional analgesia was achieved using an infiltrative
auricular base block with 0.25% bupivacaine (2 mg/kg) and local infiltration of the planned
surgical incision with 1% lidocaine (5 mg/kg).

Sentinel lymph node mapping was performed immediately before tumor excision
under aseptic conditions. With the patient positioned in lateral recumbency, a total of 9 mL
of iohexol (Omnipaque®, 300 mg I/mL; GE Healthcare, Chicago, IL, USA), corresponding
to 0.75 mL per cm2 of tumor surface area, was administered intradermally and equally
distributed among four peritumoral injection sites using a 24-gauge needle. The tumor
surface area was estimated as the product of the two largest perpendicular cutaneous
diameters of the mass, without formal three-dimensional volumetric assessment or separate
measurement of the ulcerated area; the dose of 0.75 mL per cm2 was adapted from the
protocol described by Brissot and Edery [16]. Each injection site was gently massaged for
approximately 60 s to facilitate lymphatic uptake of the contrast medium.

Radiographic evaluation of the ipsilateral cervical region was performed using con-
ventional radiographic equipment (Siemens Multix B, Siemens Healthineers, Erlangen,
Germany). The patient was already under general anesthesia at the time of image ac-
quisition, immediately before tumor excision; no separate sedation protocol was used.
Lateromedial images were acquired 3 min after contrast administration, followed by ven-
trodorsal projections at 4 min and 30 s, allowing visualization of afferent lymphatic vessels
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and identification of the corresponding sentinel lymph nodes. A lymph node was opera-
tionally defined as sentinel when direct and consistent convergence of contrasted afferent
lymphatic vessels onto that node was observed within the initial imaging window (3 and
4.5 min after injection), before redistribution of contrast to secondary lymphatic stations.
No pre-contrast or post-excision radiographs were obtained, and no additional sequen-
tial images beyond these two time points were acquired; these represent methodological
limitations that are acknowledged in the Discussion.

After completion of lymphatic mapping, surgical excision included vertical ear canal
ablation, conchectomy, and partial auriculectomy with macroscopically complete tumor
removal. The superficial ventral cervical and superficial dorsal cervical sentinel lymph
nodes identified during lymphography were excised, localized intraoperatively by cor-
relating the preoperative radiographic findings with regional anatomical landmarks; no
additional intraoperative confirmation method (e.g., detection probe or vital dye) was used.
The left parotid lymph node was also removed as an elective regional lymphadenectomy
because of its anatomical proximity to the primary lesion and the recognized variability of
cervical lymphatic drainage in dogs, rather than on the basis of a positive sentinel lympho-
graphic finding. The incidental abdominal cutaneous nodule was excised during the same
anesthetic procedure.

All surgical specimens, including the primary tumor, regional lymph nodes, and
abdominal cutaneous lesion, were fixed in 10% neutral buffered formalin and routinely
processed for histopathological examination. Paraffin-embedded sections were stained
with hematoxylin and eosin. Fontana–Masson histochemical staining was performed on
metastatic lymph node sections to confirm the presence of melanin pigment. Lymph
nodes were bisected along their longitudinal axis and serially sectioned; step sections
were obtained at 3 µm intervals, with ten levels advanced between each section evaluated
microscopically. Immunohistochemical labeling for Melan-A and PNL2 was performed on
sections of the primary auricular tumor to confirm melanocytic differentiation according to
established protocols [3].

Immunohistochemistry for Melan-A and PNL2 was performed at an external refer-
ence laboratory; as is standard practice for melanocytic markers, a previously confirmed
melanocytic neoplasm was used as the positive control, and a serial section processed
without the primary antibody served as the negative control. This immunolabeling was
not additionally applied to the metastatic lymph node sections. Iris fragments served as
the positive control for Fontana–Masson histochemical staining.

5. Conclusions
Indirect radiographic lymphography using iohexol successfully identified the sen-

tinel lymph nodes in a dog with auricular melanoma, and histopathological evaluation
confirmed metastatic involvement of the mapped nodes. The technique was simple to
perform, well tolerated, and relied on equipment and materials readily available in routine
veterinary practice.

Although further prospective studies are needed to establish its diagnostic perfor-
mance, iohexol-based indirect radiographic lymphography represents a practical and acces-
sible option for sentinel lymph node mapping and may contribute to improved lymphatic
staging in canine oncology, particularly in settings where advanced imaging modalities
are unavailable.
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