
https://doi.org/10.1177/20551169221074961

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons  
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open 
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Journal of Feline Medicine and Surgery Open 
Reports
1 –7
© The Author(s) 2022
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20551169221074961
journals.sagepub.com/home/jfmsopenreports

This paper was handled and processed  
by the European Editorial Office (ISFM)  
for publication in JFMS Open Reports

Accepted: 4 January 2022

Introduction
Cutaneous mast cell tumour (MCT) is assumed to be 
the second most common cutaneous tumour in cats, 
accounting for 20% of all cutaneous tumours.1,2 Although 
cutaneous MCTs are common, little is known about 
their biological behaviour.2,3 Most cutaneous MCTs are 
currently considered benign with possible local 
recurrence.4–6 Surgical excision is the treatment of 
choice.7,8 Unlike in canine MCT, there are no well-
established recommendations regarding surgical dosage. 
Currently, lymph nodes are only excised if staged 
positive or enlarged.9 Owing to a lack of larger studies 
evaluating the issue of nodal metastasis in cats, little is 
known about the frequency and impact of nodal 
metastasis in this species. In contrast to this, the role of 

lymph node management has become increasingly 
evident in canine patients.10–14

One problem in the treatment of nodal disease in 
tumour-bearing patients is the identification of the 
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Abstract
Case summary An 11-year-old female domestic shorthair cat was presented with cutaneous mast cell tumours 
(MCTs) localised at the right temporal region, the left buccal region and on the third digit of the right thoracic 
limb. Staging was negative and locoregional lymph nodes appeared normal, based on clinical findings. During 
surgery, real-time indocyanine green (ICG)-based lymphography was performed to detect the cutaneous draining 
pattern of all the primary MCTs. ICG was injected intracutaneously in four quadrants around each tumour, and a 
clear lymphogram was visible shortly after injection. Using near-infrared lymphography (NIR-L) for guidance, all 
lymphadenectomies were performed in 12 mins or less, with a maximal incision length of 3.5 cm. The smallest 
resected node was 0.9 cm in diameter. All MCTs were classified as low-grade cutaneous MCT. All four ICG-positive 
lymph nodes were considered premetastatic or metastatic. The only ICG-negative resected node was also negative 
for tumour cells. No complications related to NIR-L were recorded.
Relevance and novel information This is the first description of NIR-L in a cat with MCT. Application was 
straightforward and ICG enrichment only occurred in the metastatic nodes, suggesting correct identification of 
lymphatic draining patterns. Of note, as previously described in dogs, we did detect nodal metastasis, despite low-
grade primary tumours. The clinical relevance should be evaluated in future studies.
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draining nodes (also called sentinel nodes). The sentinel 
lymph node (SLN) is the first lymph node for a tumour 
to drain.10 Unfortunately, this node is not always the 
nearest node to the tumour.11 In order to determine 
which node should be considered the draining node and 
removed, different mapping techniques to detect draining 
patterns have been developed. Of these, lymphoscin-
tigraphy is still considered to be the gold standard.12 
Unfortunately, owing to legal restrictions and limited 
access to lymphoscintigraphy in veterinary medicine, 
this technique is not broadly available. Other techniques 
for SLN detection have been developed and validated in 
human medicine. Among these, near-infrared lymphog-
raphy (NIR-L) after indocyanine green (ICG) injection 
has been proven to have a very high sensitivity and spec-
ificity to detect SLN compared with lymphoscintigraphy. 
Owing to its good performance, this technique is now 
frequently used to detect the SLN in humans.

For NIR-L, a fluorescent dye – ICG – is injected 
into four quadrants around the tumour. As the dye is 
transported by the lymphatics (within minutes), the 
lymphatics can be seen using an NIR camera system. 
This technique can then guide the surgeon to more pre-
cise and faster excision of the SLN.13,14

So far, the application of ICG-based NIR fluorescence 
has only been reported for visualisation of the vasculature 
during reconstructive surgery in two cats.15 The present 
report describes the first application of ICG NIR-L in a 
cat with MCT.

Case description
An 11-year-old spayed female domestic shorthair cat 
was presented with three firm masses on the right 
temporal region, the left buccal region and on the third 
digit of the right thoracic limb. Each mass was 2–3 mm 
in diameter and cytology of the masses revealed the 
presence of mast cells suggestive of MCTs. Staging of 
the cat, a chemistry profile, complete blood count, tho-
racic radiographs and abdominal ultrasonography 
were performed. To complete staging, a fine-needle 
aspiration of the liver, spleen, and the left and right 
mandibular lymph nodes were submitted for cyto-
logical evaluation. The left and right mandibular lymph 
nodes showed reactive hyperplasia, the spleen was 
cytologically unremarkable and the aspiration of the 
liver was non-diagnostic. The aspiration of the liver was 
not repeated. No further abnormalities were detected.

Owing to the mildly enlarged mandibular node and 
low sensitivity of cytology to detect potential metastasis, 
lymphadenectomy was recommended. Real-time ICG-
based NIR-L was offered to detect the draining patterns 
of the tumours and guide lymphadenectomy; the 
owners elected for this procedure to be performed.

Anaesthesia was induced and maintained by a board-
certified anaesthetist (DECVAA). The cat was clipped 
and washed to allow visualisation of the suspected 

draining tracts and all primary surgical fields. This 
included the head, the entire cervical region and the 
right thoracic limb, as well as the pre-scapular and 
axillary area bilaterally. After positioning the patient, 
a total of 1.5 ml of ICG (Verdye 5 mg/ml; Diagnostic 
Green) was injected in four quadrants around each 
tumour (0.5 ml volume per tumour) under sterile condi-
tions. Care was taken to aspirate each before withdraw-
ing the needle after each skin injection to minimise skin 
contamination with the dye. Routine skin disinfection 
was completed thereafter and the cat was draped for 
surgery. Through manipulation of the skin during disin-
fection, ICG travelled within the lymphatics and was 
then visualised with an EleVision near-infrared camera 
system (Medtronic) at a predefined lymphography set-
ting. To find the node of interest, the lymphatics were 
followed until the point at which where they were no 
longer visible in the skin. A skin incision was made at 
this point and the node was visualised by dissecting the 
subcutaneous tissue until the direct signal of the node 
became directly visible. Intraoperative pictures were 
taken with the NIR camera system.

The MCT of the left buccal region drained to a non-
enlarged ipsilateral mandibular node, as well as the 
ipsilateral superficial cervical node (Figure 1). The MCT 
of the right temporal region drained to the ipsilateral 
superficial cervical node. The MCT at the right third 
digit of the thoracic limb drained to the right axillary 
lymph node (Figure 2). Lymphadenectomy of all positive 
nodes was performed under NIR guidance (Figure 3).The 
time from skin incision until complete lymph node exci-
sion, length of the incision required and size of each 
lymph node were recorded (Table 1).

During the approach to the left mandibular node, a 
second non-enhancing node was also detected and 
resected. The wounds were routinely closed using 
polyglyconate 3-0 material (Monosyn; B Braun) and 
polyamid 4-0 material (Supramid; B Braun). After 
lymphadenectomy, the MCTs were excised. To reach 
margins, the third digit of the right thoracic limb was 
amputated at the base of the first phalanx. The MCT of the 
buccal region was excised en bloc, including the skin and 
oral mucosa. The MCT of the temporal region was excised 
using a simple elliptic incision with 5 mm margins and a 
deep fascia as deep margins. Routine wound closure was 
completed.

Margins were stained and the resected masses, as 
well as the lymph nodes, were sent for histopathologi-
cal evaluation. The cat recovered uneventfully and was 
discharged the following day. Postoperative analgesia 
was obtained using buprenorphine (buprenorphine 
0.025 mg/kg; Universitätsapotheke) 0.02 mg/kg PO for 
5 days.

Pathohistological evaluation was carried out by a 
board-certified pathologist (FS). MCTs were graded 
according to the grading scheme of Sabattini and Bettini17 
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Figure 1 Intraoperative pictures of the mandibular lymph nodes. The arrows indicate the location of the lymph node (a) without 
and (b) with activated the fluorescein camera

Figure 2 Intraoperative images showing the lymphatic pathway of the mast cell tumour at the digit (indicated by the black 
arrows in [a] and [b]). The camera is deactivated in (a) and activated in (b) and (c). Following the green line, the tumour drains 
in the direction of the (b) right superficial cervical and (c) right axillary lymph nodes
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and came back as completely excised low-grade tumours 
(Table 2). Owing to the absence of a grading scheme for 
lymph nodes in cats, the nodes were graded according to 
Weishaar et  al (Table 1, Figure 4).16 All ICG-positive 
nodes came back graded as HN1 or HN2, while the non-
enhancing node was graded HN0.

At recheck, 6 days postoperatively, an intraoral 
dehiscence was observed at the resection site of the 
buccal MCT, which was debrided intraorally, cleaned 
with saline and left to heal by second intention. All 
other sites were unremarkable and skin sutures were 

removed 10 days after surgery. No other complications 
were detected. Based on the results of surgery, no adju-
vant treatment was started. At the time of writing, 5 
months after surgery, the cat had no recurrence or pro-
gression of the disease.

Discussion
NIR-L was easy to perform and resulted in clear 
delineation of the lymphatics and associated lymph 
nodes in this cat. In addition, the NIR-L led to precise 
identification of positive nodes, and thereby greatly 

Figure 3 Intraoperative images showing fluorescein enrichment in (a) the right pre-scapular and (b) the right axillary lymph 
nodes. The lymph node is indicated with an asterisk in both pictures

Table 1 Summary of all excised lymph nodes (LNs), including the length of the skin incision, time from skin incision until 
LN excision, grading according to Weishaar et al,16 size and whether the indocyanine green (ICG) signal was positive or 
negative

Lymph node Length of skin 
incision (cm)

Time taken for skin 
incision until lymph 
node excision (mins)

Grading Size (cm) ICG signal

Superficial cervical left 2.5 2.3 HN1 0.9 × 0.5 × 0.5 Yes
Superficial cervical right 1.5 1.3 HN2 1 × 0.8 × 0.4 Yes
Axillaris 3.5 12 HN1 0.9 × 0.5 × 0.5 Yes
Mandibularis 1 No additional incision 5 HN1 1 × 0.6 × 0.3 Yes
Mandibularis left 2 No additional incision 5 HN0 0.9 × 0.5 × 0.4 No

In the absence of a grading scheme for lymph nodes in cats, nodes were graded based on Weishaar et al;16 however, it should be noted that 
this system has not been validated in cats

Table 2 Summary of the masses, including grading according to Sabattini and Bettini,17 size and completeness of 
excision

Region Size (mm) Grading Complete excision

Digit 2.2 Low grade Yes
Temporal 2.6 Low grade Yes
Buccal 5.1 Low grade Yes
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facilitated the removal of small, non-palpable nodes. 
This is underlined by the short duration per lympha-
denectomy. Without intraoperative enhancement of the 
lymphatics, it can be hard to identify a lymph node dur-
ing surgery, as small portions of fat can look alike. NIR-L 
resulted in fast lymphadenectomy (a maximum of 12 
mins per lymph node) and did not add considerable 
time to surgery per se. As longer surgery duration cor-
relates with higher surgery-related morbidity, this is an 
important finding.18

ICG travels within the lymphatics and this can be 
visualised using NIR-L through the skin and followed. 
The node of interest can be found where the lymphatic 
seems to stop (as it dives deep towards the node). A skin 
incision is made at this point and the node is visualised 
by following the tract towards the expected anatomical 
location until it becomes directly visible.

ICG applications in cats have rarely been reported. 
Application of the drug at an intravenous (IV) dose of 
1.5 mg/kg is safe in cats. Plasma clearance in cats is 

faster than in dogs (mean 8.6 ± 4.1 ml/min/kg). The 
substance is exclusively cleared via the hepatic route.19

So far, applications have mainly been published in 
ophthalmology where IV ICG is applied to allow angiog-
raphy of the choroidal arteries (dosing 1–1.5 mg/kg IV).20 
In addition, a recent case report described IV applica-
tion of ICG at a dose of 2.5 mg per cat for visualisation 
of the caudal auricular artery in two cats undergoing 
reconstruction after tumour resections.15

Of note, in the single case of this report the ICG sig-
nal also corresponded with the presence of mast cell 
metastasis. As this is a single case, and only one non-
enhancing node had been resected as a control, this 
finding must not be overrated. In dogs and humans, it 
has been shown that scarring or overt metastasis can 
disrupt lymphatic flow and result in ICG-negative 
nodes, despite metastatic disease being present.21,22 As 
ICG is non-tumour-specific, we consider it unlikely that 
the dye is specific for the detection of metastatic disease 
in cats. Nevertheless, we found two lymph nodes (left 
mandibular) directly adjacent to each other with two 
different signal patterns, with a positive signal related 
to the presence of mast cells and a negative signal found 
in a node that had no mast cell infiltration. For us, this 
fact strengthens the theory that ICG NIR-L could be 
effective in the detection of draining patterns in cats.

Several other studies have previously recorded a high 
sensitivity and specificity of ICG in the detection of SLN 
in human medicine. Two large meta-analyses in human 
medicine that included patients with breast cancer, 
as well as oncological patients irrespective of cancer 
type, concluded that the technique is equivalent to the 
gold standard of lymphoscintigraphy and superior 
to methylene blue mapping in human patients.23,24 
Comparable studies or meta-analyses are currently 
lacking in veterinary medicine. However, a study per-
formed in dogs with oral neoplasia recently under-
lined the superior performance of ICG to methylene 
blue and CT lymphography.25 Applications in cats have 
so far not been published. This case has shown that 
NIR-L is easy to perform in a cat and two clear lympho-
grams could be generated. Further studies should be 
conducted to validate this technique in feline patients.

Finally, the cat was presented with three MCTs, all 
considered low grade on histopathology. Despite this, 
nodal metastasis was present in four nodes (ranging 
from pre-metastatic to early metastasis if graded based 
on Weishaar et al16).

Feline MCTs are usually considered to be benign. 
Recently, Sabattini and Bettini proposed a two-tier 
grading scheme for feline MCT.17 In this study, low-
grade cutaneous MCT in cats did not reach the median 
survival time, whereas high grades had a median 
survival time of 349 days.17,26 Grading schemes for 
nodal metastasis are currently not available for cats. In 

Figure 4 Histopathological images of the right pre-scapular 
lymph node (HN2, according to Weishaar et al16). The top 
image shows haematoxylin and eosin staining of the lymph 
node (scale bar = 500 µm). The bottom image shows a 
Giemsa staining of the same lymph node (scale bar = 250 µm). 
In both images, the arrows indicate neoplastic mast cells 
within the lymph node sinuses. The inset shows a higher 
magnification of aggregated neoplastic mast cells  
(× 200 magnification)
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contrast to this, a grading scheme for lymph node meta-
stasis has been developed for dogs by Weishaar et al.16 
The authors have proven a predictive value with respect 
to survival time.16,27,28 Based on the impact on survival, 
adjunctive chemotherapy is recommended in dogs with 
HN3 metastatic nodes, irrespective of the grade of the 
primary tumour.29 In addition, Marconato et  al have 
demonstrated that surgical resection of metastatic nodes 
improves survival.30

In cats, information about the role of nodal metastasis 
is largely missing. Studies evaluating splenic MCTs have 
demonstrated a poorer prognosis in cats with affected 
lymph nodes; with respect to cutaneous tumours, the 
role remains unknown.

Nevertheless, there is a chance that the observations 
made in dogs might also be relevant in cats. In order to 
prove this, additional studies will be needed.

Conclusions
NIR lymph node mapping was a safe procedure that 
helped to identify and resect normal-sized metastatic 
lymph nodes in a cat with MCT. To evaluate the possible 
overall impact, further investigations and evaluation of 
the prognostic and therapeutic value of lymph node 
staging in cats are needed.
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