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A B S T R A C T

No data are available about the sentinel lymph node (SLN) mapping in presence of enlarged regional lymph 
nodes (eRLN), due to metastatic or inflammatory processes. The present study aims to assess the influence of 
eRLN clinically suspicious for nodal metastasis in SLN mapping in canine malignancies and describe possible 
alterations of the nodal lymphatic drainage and tracer uptake.

Dogs with malignancies and eRLN were included and underwent to SLN mapping with lymphoscintigraphy 
and/or near-infrared fluorescence (NIRF). Findings in SLN mapping, distribution of nodal tracer uptake and 
histological nodal status were recorded.

Twenty-two dogs with eRLN were included. During the lymphographies 2 patterns of nodal tracer distribution 
were observed: in 9 lymphographies (41%) only the eRLN (single or multiple) was identified (Pattern 1); in 13 
(59%), beside the eRLN, at least one non-palpable/normal-sized SLN was identified (Pattern 2). The adjunctive 
SLNs were detected in the same (25%) or in a different (75%) lymphocentrum of the eRLN. The 54% of the 
adjunctive non-palpable/normal-sized SLN were metastatic. Among the pattern 2, in 3 lymphographies the eRLN 
had incomplete or absent nodal distribution of tracer uptake and the tracers were rerouted to one or more non- 
palpable/normal-sized SLN becoming the neo-SLN.

Neoplastic or inflammatory status of the lymph node may alter the lymphatic drainage in example leading to 
find non-palpable/normal-sized SLN and various distribution of tracers’ uptakes were recorded in eRLN. In 
presence of eRLN the SLN mapping is strongly suggested rather than limiting lymphadenectomy of only enlarged 
node, to avoid missing potentially residual microscopic neoplastic nodal disease in additional SLN.

Introduction

The occurrence of a malignant tumor with an enlarged regional 
lymph node (eRLN) may be suggestive of clinically suspicious for nodal 
metastasis and prompts clinicians to enhance preoperative staging to 
rule out both nodal and distant metastases. If distant metastases are 
excluded, excision of the eRLN – regardless of its neoplastic or non- 
neoplastic status – is performed to achieve definitive staging and may 
improve the effectiveness of adjuvant treatment. (Alvarez-Sanchez et al., 
2023; Baginski et al., 2014; Chiti et al., 2021; Collivignarelli et al., 2021; 
Grimes et al., 2017; Liptak and Boston, 2019; Stefanello et al., 2024; 
Wan et al., 2021). While the mapping non-palpable and normal-sized 

sentinel lymph nodes (SLNs) has been extensively investigated in 
canine surgical oncology, (Annoni et al., 2023; Chiti et al., 2025; Col
livignarelli et al., 2021; Ferrari et al., 2020, 2021; Ferraris et al., 2023) 
no data are currently available on SLN mapping in the presence of 
regional lymph node enlargement. In human oncology, lymph node 
enlargement—caused by neoplastic infiltration or inflammatory 
lymphatic disorders— can alter in the lymphatic flow. These alterations 
potentially interfere with the SLN mapping: the metastatic spread or 
inflammatory disease may disrupt the normal lymphatic drainage, 
blocking the tracers flow (Bassi et al., 2006; Goyal et al., 2005; Lam 
et al., 2009; Leijte et al., 2009; Liao and Von Der Weid, 2014; Monaco 
et al., 2012). This can cause incomplete or absent tracer uptake in the 
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enlarged node/s and, in some cases, the rerouting of the tracer to a 
“neo-sentinel lymph node” (neo-SLN) (Goyal et al., 2005; Leijte et al., 
2009). A neo-SLN refers to a new alternative lymph node that assumes 
this role after the original SLN pathway has been disrupted or altered. 
Understanding and identifying neo-sentinel lymph nodes is important 
issue in human oncology because metastatic spread may not follow the 
original pathway (Bassi et al., 2006; Goyal et al., 2005; Leijte et al., 
2009; Proulx et al., 2013).

The influence of regional lymph node enlargement, clinically suspi
cious for metastasis in lymphatic drainage has been investigate in 
human medicine (Goyal et al., 2005; Leijte et al., 2009; Monaco et al., 
2012) and remains unexplored in canine veterinary surgical oncology. 
In this context, the present study aims to describe the SLN mapping of 
dogs with solid malignancies and regional lymph node enlargement 
clinically suspicious for metastasis (with neoplastic or non-neoplastic 
involvement) on nodal mapping and staging of SLN lymphography in 
dogs with solid malignancies. In addition, to describe the possible al
terations of the nodal tracer distribution in this clinical setting.

Materials and methods

For this cross-sectional study, data from client-owned dogs bearing 
malignancies, referred to the Veterinary Teaching Hospital from May 
2022 to May 2025 for tumor removal and sentinel lymph nodes excision, 
were retrospectively collected. All dogs had a cytological or histological 
diagnosis of a solid malignant tumor. Tumor at first presentation, 
recurrent tumor, or scars from previous tumor excision, in the absence of 
any lymphadenectomy, were included if they presented at least a clin
ically eRLN. The lymph node was defined “enlarged’’ if suspicious for 
neoplastic involvement based on clinical palpation and/or imaging 
measurement (ultrasound and/or computed tomography). If available, 
the cytological status before surgery of the enlarged lymph node was 
recorded. The enlarged lymph node was considered the regional one 
according to Suami (Suami et al., 2013). In cases of tumors at or close to 
the intersections of the lymphosomes, all associated regional lymph 
nodes were evaluated through clinical and imaging examinations.

To be admitted to surgery a preoperative staging had to be performed 
based on tumor diagnosis and consisted of: dogs with mast cell tumors 
were staged with thoracic radiographs, abdominal ultrasonography, and 
cytological evaluation of the spleen and liver, whereas dogs with other 
tumor types underwent whole-body computed tomography or thoracic 
radiographs plus abdominal ultrasound. Only dogs without distant 
metastasis were enrolled. At the time of the surgery, all owners signed a 
written informed consent for the procedures and data collection. Dogs 
included in the present study underwent SLN mapping and removal 
guided by lymphoscintigraphy with Technetium-99 and/or near- 
infrared fluorescence with indocyanine green (NIRF-ICG). The SLN 
was defined as the first lymph node/s linked to primary tumor by 
lymphatic mapping and was thus expected to be first site of tracer uptake 
from afferent lymphatic vessels.

Lymphography with NIRF and/or lymphoscintigraphy was per
formed as previously described in literature (Beer et al., 2022; Gariboldi 
et al., 2025; Manfredi et al., 2021). Briefly, NIRF-lymphography was 
performed immediately before the surgery with indocyanine green 
peritumorally injected, and the SLN was intraoperatively identified with 
a NIRF camera (SPY-PHI QP system, Stryker, MIDA Tecnologia medica 
S.p.A) (Gariboldi et al. 2025), while lymphoscintigraphy was performed 
after peritumoral injection of technetium-99m–labeled human serum 
albumin colloid, and associating a presurgical planar lymphoscintig
raphy (Picker Prism 200XP, Picker International, Highland Heights, OH, 
USA) with an handheld intraoperative gamma probe (Crystal probe 
SG04; Crystal Photonic GmbH, Berlin, Germany) (Ferrari et al., 2020; 
Gariboldi et al., 2025; Manfredi et al., 2021).

The lymphocentrum of the enlarged node was always explored, and 
all enlarged lymph nodes were excised regardless of tracer uptake. 
Moreover, any additional lymphocentrum detected by tracers were 

considered sentinel (SLC) and the SLNs were excised. Surgical explora
tion of the SLC was stopped when no more enlarged nodes were detected 
by palpation and no additional radioactive or fluorescent nodes were 
identified. Lymphadenectomy, if feasible, was performed before tumor 
excision and gloves and instruments were changed after the enlarged 
nodes manipulation, to avoid possible neoplastic contamination and 
seeding.

All the lymph nodes (enlarged and non-palpable/normal-sized) 
extirpated from SLC identified by NIRF and/or lymphoscintigraphy 
mapping were evaluated ex-vivo to estimate qualitative distribution of 
radioactivity and fluorescence uptake. The qualitative nodal distribu
tion of tracer uptake was classified as: total uptake (if the tracers were 
uniformly detectable in the whole lymph node), incomplete uptake (if a 
heterogeneous tracers’ uptake was detected into the lymph node), and 
no uptake (if not any uptake was detected in the lymph node). In 
addition, nodal tracer rerouting was recorded (Goyal et al., 2005; Lam 
et al., 2009; Lützen et al., 2016). Rerouting was defined as the phe
nomenon in which the tracer is redirected to another lymph node 
(‘’neo-sentinel lymph node’’) within the same or a different SLC, 
resulting in incomplete or absent uptake in the enlarged lymph node and 
uptake in an additional sentinel lymph node (SLN). (Goyal et al., 2005; 
Lam et al., 2009; Lützen et al., 2016)

Excised tumors and all excised lymph nodes were formalin-fixed for 
histopathological analysis.

Patient signalment (breed, sex, age, bodyweight); clinical presenta
tion (first presentation, recurrence, scar) of the tumor, anatomical 
location, size (major axis in mm), presence of ulceration, and histotype 
(with grading, if applicable) were collected. The following lymph nodes 
data were recorded: anatomical location of the lymphocentrums of the 
enlarged lymph node; whether the enlarged lymph node was fixed or not 
fixed to surrounding normal tissue; the number of the SLCs and the 
number of the SLNs detected by the tracers. The presence and descrip
tion of possible rerouting and lymphatic flow alterations were recorded, 
as well. For each extirpated lymph node (both eRLN and non-palpable/ 
normal-sized SLNs) dimension of the major axis (mm), tracer uptake and 
nodal histological diagnosis were collected. Histological nodal status 
was classified as: metastatic from the local tumor (for mast cell tumor – 
MCT early metastases and overtly metastasis) and non-metastatic 
(lymph nodes reactive or normal or bearing other lymphoproliferative 
malignancies). The occurrence of intra-operative complications or post- 
operative complications related to the lymphadenectomy was also 
recorded and classified according to LeBlanc et al., 2021.

The retrieved variables were summarized with descriptive statistics 
reporting the number of patients and the % of the total cases within each 
category (breed, sex, eRLN identification, lymphographic technique, 
and lymphatic pattern). Similarly, the number of SLC, the number of 
SLN, as well as the number of SLN within the enlarged and non- 
palpable/normal-sized categories were reported. Normality for contin
uous variables was assessed with Shapiro-Wilk’s W test and data were 
expressed as mean ± standard deviation for normally distributed vari
ables and median (range) for non-normally distributed variables. Sta
tistical analysis was performed with dedicated software (SPSS 29 for 
MacOS, SPSS Inc., Headquarters, Chicago, IL, USA) and significance was 
set at p ≤ 0.05.

Results

Among the 210 dogs with solid malignant tumors treated with sur
gery plus SLN mapping and removal, 22 presented eRLN suggestive of 
possible metastasis and met the inclusion criteria. Data about patient 
dogs, tumors, eRLN, lymphatic mapping results, nodal pattern of tracer 
uptake are summarized in Table 1.

Among the 22 included tumors, 12 (55%) were at first presentation, 
6 (27%) were recurrence and 4 (18%) were scars from previous tumor 
excision. In 11 (50%) cases the tumors/scars were located in head and 
neck regions, in 4 (18%) in limbs, 3 (14%) in digit, 2 (9%) in trunk, 2 
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Table 1 
Comprehensive data about patient dogs, tumors, eRLN, lymphatic mapping results, nodal pattern of tracer uptake.

Signalment Histological 
diagnosis local 
tumor

Tumor 
anatomical 
location

Anatomical location 
of enlarged lymph 
node

Histological 
diagnosis eRLN

eRLN 
Uptake

Adjunctive non-palpable/ 
normal sized lymph nodes 
and histological diagnosis

Pattern

Mixed breed, intact 
male, 15 years, 
9,8 kg

Fibrosarcoma 
grade II

Left lower lip Left mandibular Metastatic Total uptake - 1 A
Left mandibular Metastatic Total uptake

Labrador Retriever, 
intact male, 5 years, 
42 kg

Cutaneous MCT 
Patnaik Grade 2/ 
Kiupel Low Grade

Right lumbar 
region

Right medium iliac HN3 Total uptake - 1 A

Labrador Retriever, 
intact male, 7 years, 
48 kg

SCC Nasal planum Left mandibular Non-metastatic 
(reactive)

Total uptake - 1 A

Schnauzer, intact 
male, 7 years, 
16,4 kg

SCC Third digit of the 
right forelimb

Right superficial 
cervical

Non metastatic 
(reactive)

Total uptake - 1 A

Whippet, spayed 
female, 8 years, 
3,8 kg

Undifferentiated 
subcutaneous STS 
grade III

Third/fourth digit 
of the left forelimb

Left superficial 
cervical

Non-metastatic 
(reactive)

Total uptake - 1 A

Boxer, intact male, 6 
years, 33,8 kg

Cutaneous MCT 
Patnaik Grade 2 
Kiupel High Grade

Left shoulder 
region

Left superficial 
cervical

HN1 + small cell 
lymphoma

Incomplete 
uptake

- 1B

Mixed breed, neutered 
male, 14 years, 
28,7 kg

Rectal 
plasmacytoma

Rectal mucosae Right medium iliac Metastatic No uptake - 1 C

Mixed breed, spayed 
female, 12 years, 
14 kg

OMM Right caudal 
maxilla

Right mandibular Metastatic No uptake - 1 C

Cavalier King Charles 
Spaniel, spayed 
female, 8 years, 
7,3 kg

AGASAC Right anal sac Sacral Metastatic Total uptake - 1 A
Sacral Metastatic Incomplete 

uptake
1B

Right medium iliac Metastatic No uptake 1 C
Labrador Retriever, 

intact male, 7 years, 
30,5 kg

Cutaneous MCT 
Patnaik Grade 2 
Kiupel Low Grade

Third and fourth 
digit of the right 
forelimb

Right superficial 
cervical

HN2 Total uptake Right superficial cervical 
(HN1)

2 A

French bouledogue, 
intact male, 7 years, 
13,8 kg

Cutaneous MCT 
Patnaik Grade 2 
Kiupel Low Grade

Left hock Left popliteal HN2 Total uptake Left inguinal (HN2) 2 A

Mixed breed, spayed 
female, 13 years, 
34 kg

Subcutaneous MCT Left caudal thigh Left inguinal HN3 Total uptake Left popliteal (HN2) 2 A
Left inguinal HN3 Total uptake

Mixed breed, neutered 
male, 11 years, 
22,6 kg

Subcutaneous MCT Right upper lip Right mandibular HN3 Total uptake Right mandibular (HN2) 
Right retropharyngeal (HN2)

2 A

French bouledogue, 
intact male, 9 years, 
16 kg

Cutaneous MCT 
Patnaik Grade 3/ 
Kiupel High Grade

Medial chin Left mandibular HN3 Total uptake Left mandibular (HN2) 
Left retropharyngeal (HN2)

2 A

French bouledogue, 
intact male, 11 
years, 14,5 kg

Cutaneous MCT 
Patnaik Grade 2 
Kiupel Low Grade

Left cheek Left retropharyngeal HN0 + T zone 
lymphoma

Total uptake Left mandibular (HN0 + T 
zone lymphoma)

2 A

Right retropharyngeal HN0 + T zone 
lymphoma

Total uptake

Cocker Spaniel, intact 
male, 14 years, 
28,5 kg

OMM Left upper lip Left mandibular Metastatic Total uptake Left mandibular (Metastatic) 
Left mandibular (Metastatic)

2 A

French bouledogue, 
spayed female, 10 
years, 11,4 kg

Cutaneous MCT 
Patnaik Grade 3 
Kiupel High Grade

Left hock Left popliteal HN2 Total uptake Left inguinal (HN0) 2 A

Jack Russel Terrier, 
neutered male, 15 
years, 8,9 kg

Subcutaneous 
myxosarcoma 
Grade II

Right forelimb Right superficial 
cervical

Metastatic Total uptake Right superficial cervical 
(Metastatic)

2 A

Golden retriever, 
spayed female,10 
years, 27,6 kg

OMM Right maxilla Right mandibular Non-metastatic 
(reactive)

Total uptake Right mandibular (Non- 
metastatic - reactive) 
Right mandibular (Non- 
metastatic -reactive) 
Right retropharyngeal (Non- 
metastatic - reactive) 
Left retropharyngeal (Non- 
metastatic - reactive)

2 A

French bouledogue, 
spayed female, 8 
years, 9,9 kg

Cutaneous MCT 
Patnaik Grade 3 
Kiupel High Grade

Left lower eyelid Left mandibular HN3 Incomplete 
uptake

Left retropharyngeal (HN1) 2B*

Mixed breed, neutered 
male, 12 years, 
30,7 kg

Subcutaneous MCT Right upper lip Right mandibular HN0 Incomplete 
uptake

Right retropharyngeal (HN0) 
Left mandibular (HN2) 
Left mandibular (HN2)

2B*

Right mandibular HN0 Total uptake
Left mandibular HN1 Total uptake

(continued on next page)
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(9%) in perineal region. The tumors had a median size of 20 mm 
(10–100 mm). In 11 macroscopic tumors ulceration was present. The 
eRLN was assessed by clinical examination and palpation in 19 dogs 
(86%). In the remaining 3 dogs (14%) the enlarged lymph nodes were 
endocavitary and were detected by imaging techniques (abdominal ul
trasound and/or total-body computed tomography). All eRLN were 
considered not fixed to surrounding tissue based either on clinical 
palpation and/or during surgical excision. The eRLN cytological diag
nosis was available before surgery in 12 dogs (56%): 7 of them were 
metastatic (4 cutaneous mast cell tumors, 1 subcutaneous mast cell 
tumor, 1 rectal plasmacytoma and 1 oral malignant melanoma) while 5 
of them were negative for metastasis (2 cutaneous mast cell tumors, 1 
subcutaneous myxosarcoma, 1 soft tissue sarcoma, 1 squamous cell 
carcinoma). Three out of the latter resulted metastatic at histological 
exam.

For the lymphographies, NIRF alone was used in 13 (59%), lym
phoscintigraphy alone in 6 (27%), and both techniques in 3 (14%). The 
SLC detection was achieved within the first 10–15 min after the tracers’ 
injection regardless of the tracer used. Eleven lymphographies (50%) 
identified a single SLC, while in the remaining 11 (50%) multiple (range, 
2–4) SLCs were detected, for a total of 38 SLCs that were surgically 
explored.

During exploration, 25 SLCs (66%) contained a single SLN while 13 
SLCs (34%) contained multiple SLN (from 2 to 3). A total of 54 lymph 
nodes were removed: 30 (56%) were enlarged and 24 (44%) were non- 
palpable/normal sized. The eRLN and SLN tracer uptake is reported in 
Tables 1–2. Notably, 5 out of 30 eRLNs (17%) showed no tracer uptake; 
all were metastatic, resulting in false-negative findings (Table2).

Based on the lymphatic mapping results observed, nodal pattern 
were categorized as follow (Figs. 1–2; Table1): 

• Nodal pattern 1: In 9 lymphographies (41%), only the eRLNs (single 
or multiple) were identified by the tracers, and no adjunctive non- 
palpable/normal-sized SLNs were detected. In 5 lymphographies, 
the eRLNs showed total tracer uptake (pattern 1 A); in 1, it showed 
incomplete uptake (pattern 1B); in 2, no uptake was observed 
(pattern 1 C); and in 1 case with multiple eRLNs, tracer uptake varied 
among the nodes (including total, incomplete, and no uptake).

• Nodal pattern 2: In 13 lymphographies (59%), beyond the enlarged 
lymph nodes (single or multiple), at least one adjunctive non- 

palpable/normal-sized SLN was detected. In 10 of them, the eRLN 
had a total tracer uptake (pattern 2 A), while in 3 of them the eRLN 
tracer uptake was incomplete (pattern 2B) or absent (pattern 2 C) 
and the tracers were rerouted to a neo-SLN

Among the 24 non-palpable/normal-sized extirpated SLNs, 6 SLNs 
(25%) were in the same SLC as the enlarged one, and 18 (75%) belonged 
to different adjunctive SLCs, (Table 3). The overall median dimension of 
extirpated SLNs was 20 (range, 4 – 50) mm. The median size was 25 
(range, 15 – 50) mm for the eRLNs, and 15 (range, 4 – 40) mm for non- 
palpable/normal-sized SLNs.

Out of the 54 extirpated lymph nodes, 34 (63%) were metastatic and 
20 (37%) were non-metastatic. Among the latter, 4 were incidentally 
diagnosed with lymphoma at histology (3 T-zone lymphoma and in 1 
small-cell lymphoma).

Considering only the 30 eRLN, 21 (70%) were metastatic, and 9 
(30%) were not (4 were reported as reactive, 2 of them were diagnosed 
with nodal T-zone lymphoma, 1 with small-cell lymphoma, 1 was HN0 
and 1 HN1). Of the 24 non-palpable/normal-sized SLNs, 13 (54%) were 
metastatic, and 11 (46%) were not (1 was diagnosed as T-zone lym
phoma). Among the 13 metastatic non-palpable/normal-sized SLNs (10 
SLNs metastatic for MCT, 2 for oral malignant melanoma and 1 for STS), 
10 (77%) were detected in a different SLC from the one of the eRLN. In 
the present study population, retrieval of an adjunctive SLN did not 
change the staging of the dog (compared to the staging obtained by the 
eRLN). Presence or absence of nodal metastasis of enlarged and non- 
palpable/normal sized SLNs and nodal tracer uptake are summarized 
in Table 2.

No intra-operative complications were registered at the sites of 
lymphadenectomy, while post-operative complications were recorded in 
10 dogs (45%), and included: seroma (8 dogs), abscess (1 dog), and 
transient lymphedema (1 dog). Complications were classified as grade I 
in 7 cases (6 seroma and 1 transient lymphedema), and as grade II in 3 
cases (2 seroma that required anti-inflammatory drugs and one case of 
wound infection treated with oral antibiotics, as indicated by bacterial 
culture examination).

Discussion

The primary finding of the present study is that 59% of the included 
dogs had a flow alteration and the tracer was directed also to another 
lymph node (pattern 2). Among them only 3 cases had re-routing ac
cording to definition (pattern 2B-2C) (Goyal et al., 2005; Lam et al., 
2009; Lützen et al., 2016). In all cases of pattern 2, mapping with ICG 
and/or Technetium-99 identified at least one 
non-palpable/normal-sized SLN in addition to the eRLN, regardless of 
whether the latter was metastatic or non-metastatic. Based on histo
pathological evaluation, 54% of the additional 
non-palpable/normal-sized SLNs were metastatic. As previously re
ported in literature these lymph nodes would not have been removed 
without mapping (Worley, 2014; Alvarez Sanchez et al., 2023), and this 
indicates that metastatic spread may not be confined to the solely 
enlarged lymph nodes. (Goyal et al., 2005; Leijte et al., 2009; Lützen 
et al., 2016). Even if among the 22 cases included in the study the 

Table 1 (continued )

Signalment Histological 
diagnosis local 
tumor 

Tumor 
anatomical 
location 

Anatomical location 
of enlarged lymph 
node 

Histological 
diagnosis eRLN 

eRLN 
Uptake 

Adjunctive non-palpable/ 
normal sized lymph nodes 
and histological diagnosis 

Pattern

Mixed breed, spayed 
female, 13 years, 
11 kg

Cutaneous MCT 
Patnaik Grade 2 
Kiupel High Grade

Right upper lip Right mandibular HN3 No uptake Right retropharyngeal (HN3) 
Left mandibular (HN2) 
Left mandibular (HN0) 
Left retropharyngeal (HN0)

2 C*
Right mandibular HN3 No uptake

Legend: MCT= mast cell tumor; SCC=squamous cell carcinoma; STS= soft tissue sarcoma; OMM= oral malignant melanoma; AGASAC= apocrine gland anal sac 
adenocarcinoma; HN0: non-metastatic according to Weishaar et al. 2014; HN1: pre-metastatic; HN2: early nodal metastasis; HN3 overtly metastasis. *Rerouting 
(according to Goyal et al., 2005; Leijte et al., 2009; Lutzen et al., 2016)

Table 2 
Histological nodal status of excised lymph nodes and their tracers’ uptake.

Nodal tracer uptake Tot Histological status

Metastatic Non 
metastatic

Enlarged lymph nodes removed: 
Total uptake 
Incomplete uptake 
No uptake

30 
21 
4 
5

21 
14 
2 
5

9 
7 
2 
-

Adjunctive non-palpable/normal sized 
SLNs removed: 
Total uptake 
Incomplete uptake

24 
18 
6

13 
12 
1

11 
6 
5
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oncologic stage did not change, these results highlight the relevance of 
lymph node mapping in assisting microscopic residual nodal metastatic 
disease identification in non-palpable/normal-sized SLN in dogs with 
solid malignancies and eRLN. Moreover, 75% of the adjunctive 
non-palpable/normal-sized SLNs were retrieved in different SLCs than 
the one of the eRLNs and most of them were metastatic (77%). This data 
supports the hypothesis that, in presence of malignancies, the lymphatic 
drainage may be unpredictable, and Technetium-99 and ICG can spread 
also to multiple SLCs, leading to the identification of more than one SLN 
linked with the tumor. The occurrence of multiple lymphatic drainage 

has drawn attention in veterinary oncology, as a potential risk factor for 
nodal metastasis and as a possible prognostic indicator. (Ferrari et al., 
2021; Stefanello et al., 2024; Alvarez-Sanchez et al., 2023). These 
findings should be carefully considered even for the 25% of cases in 
which an additional non-palpable/normal-sized SLN belonged to the 
same lymphocentrum of the eRLN. While pre-operative mapping might 
identify one or more SLC, the possibility to surgically identify and follow 
the same tracer (respectively Technetium-99 and ICG) during SLC 
exploration enhances the probability of removing multiple SLN with a 
high detection rate, as previously reported (Chiti et al., 2025; Gariboldi 

Fig. 1. Nodal pattern and distribution of tracer uptake with technetium and/or indocyanine green observed in the study. Pattern 1: the lymphography detected only 
the eRLN(s) from one or multiple lymphocentrum and no adjunctive non-palpable/normal-sized SLNs. The eRLN (single or multiple) presented different tracer uptake 
(total and/or incomplete and/or absence of tracer uptake). Pattern 2: beside the eRLN(s) the lymphography detected at least one non-palpable/normal-sized SLN in 
the same or in different SLC from the enlarged one. The eRLN presented one or different tracer uptake (total and/or incomplete and/or absence of tracer uptake).

Fig. 2. An example of tracer uptake in lymph nodes with NIRF-ICG. Example of 3 enlarged lymph nodes with different uptake patterns for NIRF-ICG (SPY-PHI 
overlay and monochromatic visualization mode).
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et al., 2023; Stefanello et al., 2024). In addition, intraoperative gamma 
probe and NIRF camera allowed the measurement of residual radio
activity/fluorescence that led to objective decision making during the 
dissection of the SLCs, since their absence indicates that there are no 
more SLN to be removed within the SLC (Chiti et al., 2025; Gariboldi 
et al., 2023; Stefanello et al., 2024). This approach may help avoid 
missing metastatic non-palpable/normal-sized SLNs associated with the 
tumor, whether located in the same or a different SLC from the eRLN, 
thereby preventing incomplete staging and underestimation of meta
static disease extent. However, it remains unclear whether the addi
tional lymph nodes removed can be considered second-tier nodes. 
Unlike human oncology, veterinary medicine currently lacks standard
ized criteria to accurately differentiate first- from second-tier lymph 
nodes in dogs. We can also hypothesize — although it needs to be 
confirmed in further studies — that the removal of additional 
non-palpable or normal-sized SLNs may be associated with a clinical 
benefit, reducing the tumor burden. In addition, considering that the 
surgical complications when using a tracer that allows for an intra
operative guidance, such as Technetium-99 or NIRF-ICG, were mild and 
in line with previous publications (Chiti et al., 2023; Mattioli et al., 
2025), the surgeons might be encouraged to search for the additional 
SLN, also exploring more than one SLC in the same dog.

Regarding the second aim of the study, we were able to describe 
different nodal patterns and different qualitative tracers’ uptakes in the 
removed lymph nodes. This confirms that the findings of altered nodal 
uptake reported in humans could also be observed in dogs in the pres
ence of eRLN. Indeed, in several human cancers, like cutaneous mela
noma, penile cancer and breast cancer, in the presence of enlarged 
lymph nodes and possible metastatic invasion of lymphatic vessels, the 
lymphatic flow may be altered (Goyal et al., 2005; Lam et al., 2009; 
Leijte et al., 2009; Lützen et al., 2016; Nathanson and Mahan, 2011). 
Neoplastic invasion in the lymph node with related microscopic or 
macroscopic alteration or normal architecture may be associated with 
higher intranodal pressure leading to deviation of lymphatic flow 
(“rerouting’’) (Goyal et al., 2005; Nathanson and Mahan, 2011). 
Rerouting was not frequently observed in this sample population (3 
cases all MCTs out of 22 lymphographies), and this seems to reflect what 
is reported in human literature (Bassi et al., 2006; Goyal et al., 2005; 
Leijte et al., 2009; Proulx et al., 2013). In the cases of rerouting, the 
enlarged lymph node was metastatic, and the tracer drainage was 
rerouted to another SLN. This was likely due to obstruction of the 
afferent lymphatic vessels by tumor embolization, mimicking the typical 
rerouting phenomenon described in the human literature. However, 
rerouting or altered lymphatic drainage may also occur in 
non-neoplastic lymph nodes in association with inflammatory flow ab
normalities and lymphatic dysfunction (Kandeel et al., 2013; Liao and 
Von Der Weid, 2014; Monaco et al., 2012).

It should be noted that in 10 cases, even if the eRLN exhibited a full 
tracer uptake, an additional SLN was identified. This could possibly 
represent simultaneous lymphatic drainage to multiple SLN (e.g., one 
enlarged and the other normal sized), although a rerouting scenario 
cannot be excluded. In such instances, increased intranodal pressure 
caused by metastatic burden may still allow tracer accumulation in the 

affected lymph node, while also promoting tracer diversion to a sec
ondary, neo-sentinel lymph node (Nathanson and Mahan, 2011).

Five enlarged lymph nodes lacked uptake and were therefore 
considered false negatives as they were all metastatic. To explain the 
absence of tracer uptake, it might be hypothesized, according to the 
literature, that when the microscopical architecture of the lymph node is 
fulfilled by the tumor, the tracer may fail to reach the lymph node, 
leading to false negatives results (Bassi et al., 2006; Goyal et al., 2005; 
Leijte et al., 2009; Nathanson and Mahan, 2011). In one study of Goyal 
et al. (2005) involving lymph nodes with breast cancer metastases, it 
was observed that radioactive tracer uptake decreased with increasing 
metastatic involvement. This could suggest that the absence of the tracer 
uptake in an enlarged lymph node may be related to the presence of 
metastasis. However, based on our results and the few cases included, 
we cannot establish a reliable correlation between tracer uptake and the 
presence or absence of metastasis. Further prospective studies are 
required to integrate data with quantification of tracers’ uptake and 
association with neoplastic invasion of the lymph nodes.

The main limitation of this study is the small sample size, which 
nonetheless reflects the frequency of enlarged lymph nodes, that in the 
present study were observed in 22 out of the 210 dogs during daily 
clinical practice in the last 3 years at our VTH. This is the first study in 
canine surgical oncology that explores the influence of SLN mapping in 
the presence of eRLN, and lymph node tracers’ uptake alteration. 
Therefore, further research involving a larger, more homogeneous 
population is needed to better understand the relationship between 
histotype, tumor characteristics, nodal pattern and tracer’s uptake. 
Furthermore, collecting data about follow-up might define the prog
nostic inference of additional sentinel lymph nodes removal in presence 
of eRLN in different canine malignancies.

In conclusion, based on this sample population, SLN mapping in the 
presence of eRLN suspicious for neoplastic involvement in dogs with 
solid malignant tumors may represent a useful adjunct to surgical 
excision of the enlarged lymph node. Additionally, lymphatic mapping 
with ICG and Technetium-99 appears to facilitate the identification of 
additional sentinel lymph nodes and may reduce the risk of overlooking 
residual microscopic nodal disease.
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