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Abstract

Sentinel lymph node biopsy (SLNB) is an accepted veterinary surgical procedure

given the impact of early detection of nodal metastases on staging of several canine

malignancies. This study aims at reporting the incidence and risk factors for surgical

complications of SLNB in tumour-bearing dogs. A total of 113 client-owned dogs that

underwent tumour excision and SLNB guided by γ-probing and blue dye were retro-

spectively enrolled. Recorded variables included: signalment, location and number of

extirpated lymphocenters and nodes, time for SLNB, histopathological status of

excised nodes. Incidence of SLNB complications was calculated. They were classified

as minor and major based on severity and required treatment, and as short-term (0–

30 days) and long-term (31–90 days). Univariate analysis with generalized linear

model with binomial error estimated the association between variables and incidence

of SLNB complications. Significance was set at 5%. Median overall time for SLNB

was 25 min. Surgeons excised one node in 38% of dogs and multiple nodes in 62% of

cases, belonging to one (62%) or multiple (38%) lymphocenters. Metastases were

detected in 45% of nodes. No intraoperative complications occurred. The overall inci-

dence of postoperative complications of SLNB was 21,24%, the majority of which

(91.67%) were minor. Only increasing dogs' weight was associated with an increased

incidence of SLNB complications (p = .00976). Sentinel lymphadenectomy was asso-

ciated with a relatively low incidence of complications, most of which were self-limit-

ing. The low morbidity and previously reported impact on staging of SLNB justify its

implementation to collect data for prognostic studies.
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1 | INTRODUCTION

Lymphadenectomy has become part of the surgical management of

several canine malignancies.1–9 Histopathology on the excised nodes

is recommended for reliable identification of nodal metastases, given

low sensitivity reported for physical examination, cytological sampling

and second-level diagnostic imaging.10–16 Excision of the anatomically

closest node, the regional lymph node (RLN) could also lead to false-

negative results due to unpredictable drainage pathways occurring in

22%–63% of tumour-bearing dogs.2,4–6,14,17–22 Hence, a surgical

approach to the sentinel lymph node (SLN), which is the first node

within the lymphatic basin that drains the tumour, has been recently

advocated for accurate nodal staging of canine tumours.20,21,23,24

Sentinel lymph node biopsy (SLNB) was firstly implemented in dogs

with mast-cell tumours (MCT) and led to an upstaging in 42%–60% of

cases.2,5,17 Likewise, in dogs with malignant tumours of the head and

neck SLN metastases were detected in 42% of dogs without clinical

evidence of cervical node metastases, and in 46.3% of bitches with

mammary tumours.4,18 In a recent study, metastases were identified

in 45% of dogs undergoing SLNB guided by indirect CT lymphography

compared to only 5% of dogs with RLN cytological sampling, influenc-

ing treatment decision.11 However, considering a prevalence of SLN

metastases of 42%–56%, approximately half of dogs will ultimately

undergo the procedure without clear therapeutic benefits.2,4,11,25 Ide-

ally dogs at lower risk of having a positive SLN should be identified

preoperatively and excluded from SLNB, although based on the

current body of literature and the lack of strong evidence to safely

support this decision-making process, a surgical approach to the SLN

should be suggested for tumours that can spread through the lym-

phatics, at least for a correct tumour staging following the TNM sys-

tem.24,25 In this scenario, assessment of the morbidity of SLNB is

crucial to determine the actual risk–benefit ratio of the procedure.

Complications related to SLNB in dogs have not been systemati-

cally reported, although the procedure seems to be well toler-

ated.2,4,5,8,11,26,27 This explorative cohort study aims to

retrospectively evaluate the incidence, severity, and risk factors asso-

ciated with SLNB guided by intraoperative γ-probing and blue dye in

dogs with naturally occurring tumours.

2 | MATERIALS AND METHODS

Records of client-owned dogs presented to our oncologic surgery unit

with spontaneous solid tumours from March 2017 to October 2021

were revised for inclusion in this retrospective cohort study.

Inclusion criteria were:

1. SLN excision performed under intraoperative guidance (hand-held

γ-probe and methylene blue) and concurrently with curative-intent

surgical excision of the primary tumour. First presentations, recur-

rences and infiltrated scars (T0) were included. The mapping proce-

dure was performed only in presence of clinically normal and/or

no-palpable lymph nodes.

2. Availability of complete surgical records of SLNB and detailed

records of intraoperative and postoperative complications.

3. Follow-up of at least 90 days

At the time of treatment, dogs' owners signed a written consent

to the surgical procedure and data collection. All the procedures were

carried out following the National requirements for animal welfare.

Ethics committee approval was not deemed necessary at our Institu-

tion given that dogs were treated with standard-of-care proce-

dures2,5,23 and treatment choices were not dictated by the study's

purposes (retrospective design).

Dogs admitted to surgery staged negative for distant metastases

following the current recommendations for each tumour type.5,9,12,28–

30 Collected pre-surgical variables included breed, sex, age, weight,

Body Condition Score (BCS), number of tumours (single vs multiple),

tumour location, size, clinical presentation (first presentation, T0,

recurrence), ulceration. Body condition score was reported on a nine-

scale31 and grouped in three categories (underweight BCS <4; normal

weight BCS = 4,5; overweight BCS >5) for statistical purposes. Senti-

nel lymph node biopsy was performed with intraoperative guidance of

a hand-held γ-probe (Crystal probe SG04, Crystal Photonic GmbH,

Berlin, Germany) and methylene blue, as previously reported.2,4,23

Retrieved variables related to SLNB were: location, laterality and total

number of sentinel lymphocenter(s); total number and maximum diam-

eter of excised SLN; time for SLNB (from skin incision to last stitch

placement). Tumour type, location and size, and overall surgical time

(for tumour excision and SLNB altogether) were also retrieved.

Surgical complications of SLNB were classified as intraoperative,

if occurred during anaesthesia, and postoperative, when recorded

after recovery from anaesthesia and within the first 90 days after sur-

gery. Based on time of onset and resolution, postoperative complica-

tions of SLNB were classified in early (0–30 days postoperatively) and

late (31–90 days postoperatively).32,33 Complications causing life-

threatening events, requiring surgical revision, or causing permanent

impairment of normal activities and quality of life were deemed as

major complications.34 Furthermore, surgical complications were ret-

rospectively graded according to the VCOG-CTCAEv2 classification.35

To distinguish seroma and lymphoedema the definition of the

National Cancer Institute dictionary was used: seroma–A mass or

lump caused by a build-up of clear fluid in a tissue, organ or body cav-

ity. It usually goes away on its own; Lymphoedema–A condition in

which extra lymph fluid builds up in tissues and causes swelling. It

may occur if lymph vessels are blocked, damaged, or removed by sur-

gery, and is most often observed in an arm or leg.

Wound healing complications at the tumour site were recorded

and classified following the above-mentioned criteria. In dogs that

experience complications of both primary tumour excision and SLNB,

a possible relationship was statistically evaluated.

After surgery, dogs were hospitalized for 24 h. Subsequent hospi-

talization and medical therapies were decided based on the indica-

tions of the attending clinician. Surgical rechecks were scheduled at

7, 14 and 30 days postoperatively. If postoperative complications

occurred, additional rechecks were planned until complete resolution.

2 ELENA ET AL.
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Thereafter, follow-ups were collected during telephone calls with the

owner and/or referring veterinarian, or during periodical clinical exam-

ination in case of inclusion in adjuvant treatment or owner require-

ments. Histopathological reports were revised for diagnosis of tumour

type and metastatic status of the SLN.

2.1 | Statistical analysis

Descriptive statistics (minimum, maximum, median, mean, standard

deviation for numerical variables; frequencies for categorical variable)

were used to summarize the distribution of retrieved variables. The

overall incidence of SLNB complications, the incidence of major and

minor complications and the incidence of complications by anatomical

site of the lymphocenter were estimated as the ratio between the

number of complications over the number of dogs, as well as over the

total of complications. Confidence intervals were calculated with the

exact method.36 Univariate analysis (linear generalize model) was per-

formed to evaluate the impact of variables on the prevalence of SLNB.

The following variables were included in the models: dogs' age,

weight, BCS and breed; number of lymphocenters, total number of

SLN per dog, location and laterality of SLN, SLN size, time for SLN

biopsy, overall surgical time, complications at the tumour site, pres-

ence or absence of SLN metastases. Locations of SLN were grouped

as follows: inguinal, popliteal, axillary/accessory axillary, superficial

cervical, head and neck (including mandibular, retropharyngeal and

parotid nodes) and iliac. In case of MCT, nodes with HN > 1 were con-

sidered metastatic. Concerning the multivariate variable models, the

number of variables to be included was decided according to the

event-per-variable (EPV) rule.32 Since a maximum of three variables

were allowed, weight, number of sentinel lymphocenters and number

of SLN were included based on clinical significance. Both univariate

and multivariable analyses were performed with a generalized linear

model with binomial error, with occurrence of SLNB complications as

the dependent variable. Independent variables were both categorical

and numerical: categorical variables were included as dummy variables

and numerical variables were included in their original measurement

scales. Given that the measure of interest is the incidence of compli-

cations, a link log for generalized linear model was used. This allowed

to report model results as incidence ratio. For categorical variables

one of the categories was considered as reference and the incidence

ratio is the ratio between the incidence of each category and the inci-

dence in the reference one. In the case of a numerical variable the

incidence ratio is the change of the incidence ratio for each unit

increase of the variable. Wald test was performed on each regression

coefficient to evaluate the statistical significance of the association

between the presence of complication and the independent variable

in the model. For numerical variables with more than 6 modalities, the

possible contribution of a non-linear association was also tested by

likelihood ratio test. As expected, this contribution was not significant

due to the low number of complications. Hence, the final model

included only the linear effect. Based on multivariate model, a Nomo-

gram was created as a tool for clinicians to easily predict the risk of

complication of lymphadenectomy in a given dog (Appendix–Figure

2).

For each dog, the location of each excised lymphocenter was

repeated, and a generalized linear model for repeated measures was

used to estimate the incidence of the complications for each location

and corresponding 95% confidence interval. This approached allowed

to consider the correlation of the SLN on the same dog, when multiple

lymphocenters were excised.

The median follow-up time was estimated with the reverse

Kaplan–Meier method.

The significance level was set at 0.05%. All the analyses were per-

formed with a software (R-software vers R 4.0.4, packages: rms and

PASWR; www.r-project.org).

3 | RESULTS

A total of 113 dogs with 132 tumours were included. Multiple

tumours were excised in 13 dogs (11.5%), of which 10 had multiple

(2, 3) MCT and 3 had multiple mammary tumours (2–4) that were

removed all together through radical mastectomy. Demographics of

the sample population and tumours' characteristics are reported in

Table 1. Histopathological diagnoses on excised tumours were:

98 (74.2%) MCT (cutaneous n = 70; subcutaneous n = 26; conjuncti-

val n = 2); 10 (7.5%) mammary carcinomas; 7 (5.3%) oral melanomas;

4 (3.0%) mammary adenomas; 4 oral squamous cell carcinoma;

3 (2.3%) cutaneous soft tissue sarcomas; 2 (1.5%) oral fibrosarcoma,

2 oral osteosarcoma, 1 (0.8%) salivary gland carcinoma and 1 thyroid

carcinoma.

A 245 SLN belonging to 162 lymphocenters were excised. A sin-

gle SLN was excised in 43 (38%) dogs and multiple SLN (2 – 7) in

70 (62%) dogs. Location of the sentinel lymphocenter was bilateral in

18 cases (15.9%), and unilateral in 95 cases (left-sided in 49%–43.4%

and right-sided in 46%–40.7%), of which 2 cases were contralateral to

the tumour. Of the excised SLN, 47(29%) nodes in 40(35%) dogs

belonged to the inguinal lymphocenters, 35(22%) in 24 (21%) dogs

belonged to the lymphocenters of the head and neck (mandibular, ret-

ropharyngeal, parotid), 31 (19%) in 29 (25.6%) dogs to the superficial

cervical, 28(17%) in 23(20.4%) dogs to the axillary or pre-axillary,

14 (9%) nodes in 14 (12.4%) dogs to the popliteal and 7(4%) in 6 dogs

(5%) to the iliac. The SLN corresponded to the RLN in 90 tumours

(68.2%) and occurred at other sites in 42 tumours (31.8%). Size of the

SLN was available for 210 (85.7%) nodes, and median size was

12.5 mm (range 1–42 mm). Nodal metastases were histologically

detected in 51 of dogs (45%), of which 20 (39%) had an unpredictable

SLN. The median overall surgical time was 65 min (range 10–205 min)

and median time for lymphadenectomy alone was 25 min (range 5–

92 min).

No intraoperative complications occurred. Postoperative compli-

cations of the lymphadenectomy are detailed in Table 2. They

occurred in 24 dogs, leading to an estimated overall incidence of

21.2% (95% CI 14.11–29.93). Major postoperative complications

occurred in 2 dogs, with an estimated incidence of 2.77% (95% CI:

ELENA ET AL. 3
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0.22–6.25) on the sample population and of 8.3% (95% CI: 1.03–27)

on the total complications. Severe seroma formation at the lymphade-

nectomy site occurred after superficial cervical node extirpation in

one dog, and due to lack of improvement with non-steroidal anti-

inflammatory drugs and strict rest, surgical revision was performed at

2 weeks with suturing of the deep fascial planes; complete healing

was achieved after revision surgery. In the second dog, the superficial

cervical, accessory and axillary nodes were removed as SLN of a MCT

of the distal limb, and the site of tumour excision was left to heal by

second intention; the dog developed severe lymphoedema of the limb

that was impairing the healing of the tumour site and required mas-

sage under general anaesthesia and compressive bandage every

3 days for 2 weeks. Corticosteroids were also given for 3 weeks

(Prednisolone PO 0.5 mg/kg q24 for 1 week than tapered and discon-

tinued in 2 weeks). The lymphoedema resolved uneventfully in

25 days. Minor postoperative complications occurred in 22 dogs, with

an estimate incidence of 19.47% (95% CI: 12.62–27.98) on the total

of dogs and of 91.7% (95% CI: 73%–98.97%) on the total complica-

tions. Minor complications were temporary lymphoedema (n = 11),

seroma (n = 10), hematoma (n = 3), superficial dehiscence (n = 1).

Three dogs had multiple minor complications. The distal limbs (n = 5)

and muzzle (n = 4) were most affected by lymphoedema (Table 2).

Applying the VCOG-CTCAEv2 classification, 17 dogs had grade 1, 5

dogs had grade 2, and 2 dogs had grade 3 complications (correspond-

ing to the 2 major complications; Table 2). Time of onset and resolu-

tion of SLNB complications were available in all but 7 cases. Overall,

complications of the lymphadenectomy occurred at a median of

3 days (range 1–15 days) after surgery and resolved after a median of

8.5 days (range 2–30 days), and were thus all classified as early com-

plications, whereas no late complications occurred. The probability of

remaining in the follow-up for the whole study period was greater

than 50%, and probability to have a follow-up of 204 or longer

was 95.3%.

When considering the location of the excised SLN, the highest

incidence of complications was for superficial cervical node(s)

(29.03%; 95% CI: 0.17–0.51), while no complications occurred after

extirpation of the iliac (Table 3). Among the examined variables, only

increasing dogs' weight was associated with an increased incidence of

complications of SLNB in univariate analysis (p = .0098, prevalence

ratio: 1.04; 95% CI: 1.01–1.07) (Table 4). In multivariate model, dog's

weight was independently significant (p = .0073, prevalence ratio:

1.04; 95% CI: 1.01–1.08) while number of excised SLN and lympho-

centers remained non-significant (Table 5). The likelihood of develop-

ing complications in association with increasing patient weight is

represented in Figure 1.

Complications of the site of tumour excision occurred in 29 cases

(25.7%), with minor complications occurring in 19 dogs (16.81%; 95%

CI: 10.44–25.01) and major complication in 10 dogs (8.85%; 95% CI:

4.33–15.67). Two dogs were humanely euthanized at 7 and 25 days

after extensive surgery of the oral cavity due to the progressively

deteriorating clinical conditions resulting from the complication of

tumour excision. Nine dogs (7.9%) developed concurrent complica-

tions at the lymphadenectomy and tumour excision sites. In univariate

TABLE 1 Population signalment and tumour characteristic:
categorical and continuous variables

Categorical variables Frequencya %

Breed

• Mixed-breed 24 21.2

• Retriever 24 21.2

• Setter 8 7.1

• Boxer 6 5.3

• Dogo argentino 4 3.5

• Others (<3
dogs each)

47 41.6

Sex

• Female 56 49.6

• Female spayed 45 39.8

• Male 57 50.4

• Male castrated 14 12.4

Body condition score

• < 4 1 1.4

• 4–5 28 37.8

• > 5 45 60.8

• NA 39 34.5

Number of tumours

• 1 100 88.5

• 2 8b 7.1

• 3 4c 3.5

• 4 1d 0.9

Tumour site

• Distal limbs 11 9.7

• Proximal limbs 28 24.8

• Head and neck 28 24.8

• Trunk 38 33.6

• Multiple sites 8 7.1

Tumour presentation

• First presentation 121 91.7

• Recurrence 4 3

• T0 7 5.3

Tumour ulceration

• Present 17 13.6

• Absent 108 84.6

• NA 7 5.3

Continuous variables Min–max Std
dev.

Mean Median

Age (years) 0.6–16 3.15 8 8

Weight (Kg) 3–62 13.15 25.2 27.5

Tumour size (cm) 0.1–15.5 2.54 2.6 2

aFrequency is calculated on the total number of dogs for the variables:
breed, sex, body condition score, number of tumours, tumour site, and on
the total number of tumours for the variables: presentation and ulceration;
NA: not available.
b6 with MCT and 2 with mammary tumours.
cAll with MCT.
dDog with mammary tumour.

4 ELENA ET AL.
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TABLE 2 Complications of sentinel lymphadenectomy recorded in the study population: lymphocenter excised type of complication, onset,
duration and treatment

Case

Sentinel

lymphocenter

Dog's

weight (kg) Type Gradea Onsetc Durationd Treatment

#1 Inguinal-R 18 Hematoma 1 — — None

#2 Inguinal-R

Inguinal-L

Superficial

cervical-R

41.5 Hematoma

Hematoma

Seroma

1

1

1

—
—
—

—
—
—

None

None

None

#3 Mandibular-L

Parotid-L

47 Seroma 1 5 17 None

#4 Superficial

cervical-L

36.5 Seroma 1 1 4 None

#5 Superficial

cervical-L

41 Seroma 1 2 7 None

#6 Superficial

cervical-L

35.5 Seroma 1 5 9 None

#7 Parotid-R 15 Seroma 1 3 7 None

#8 Mandibular-L 42.5 Seroma 1 4 10 None

#9 Superficial

cervical-L

55 Seroma

Superficial dehiscence

1

1

3 6 None

#10 Superficial

cervical-R

Axillary-R

28 Seroma 2 15 8 Drainage, NSAIDs

#11 Axillary-L 26 Seroma 1 4 15 NSAIDs

#12 Inguinal-L 34 Lymphoedema (hindlimb and

prepuce)

1 — — None

#13 Popliteal-R

Inguinal-R

27 Lymphoedema (hindlimb and

abdomen)

1 — — None

#14 Inguinal-L

Popliteal-R

33 Lymphoedema (hindlimb) 1 7 — None

#15 Mandibular-R 45.8 Lymphoedema (muzzle) 2 3 30 NSAIDs

#16 Superficial

cervical-L

30 Lymphoedema (neck) 2 7 7 Corticosteroids

#17 Mandibular-R

Retropharyngeal

-R

29.4 Lymphoedema (muzzle) 1 3 10 None

#18 Mandibular-R 35.9 Lymphoedema (muzzle) 1 5 10 None

#19 Inguinal-L

Popliteal-L

18.5 Lymphoedema (hindlimb) 2 9 6 Corticosteroids

#20 Inguinal-L

Inguinal-R

40.7 Lymphoedema (scrotum) 2 1 12 Cold compresses and

local ointment

#21 Mandibular-R 13.9 Lymphoedema (muzzle) 1 2 4 None

#22 Mandibular-R 5 Lymphoedema (muzzle) 1 2 2 None

#23 Superficial

cervical-R

35 Seromab 3 — — Surgical revision

#24 Superficial

cervical-R

Axillary-R

Accessory axillary-

R

37.4 Lymphoedema (forelimb)b 3 2 25 Surgical revision and

corticosteroids

aClassification according to the VCOG-CTCAEv235; R, right-sided lymphocenter; L, left-sided lymphocenter; —, not available data.
bMajor complication.
cDays between surgery and the onset of the complication.
dDays between the onset of the complication and its resolution; NSAIDs, non-steroidal anti-inflammatory drugs.
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TABLE 3 Distribution of sentinel lymph node biopsy complications related to the anatomical site of the excised lymphocenter

Sentinel lymphocenter Total excised lymphocenters Complications Incidence 95% CI

Superficial cervical 31 9 29.03 0.17–0.51

Mandibular, retropharyngeal, parotid 35 10 28.57 0.15–0.55

Popliteal 14 3 21.43 0.08–0.58

Inguinal 47 10 21.28 0.11–0.42

Axillary/Accessory axillary 28 4 14.29 0.05–0.43

Iliac 7 0 0 —

TABLE 4 Univariate analysis of risk
factors for development of sentinel
lymph node biopsy complications: results
of linear generalized model

Variables Prevalence ratio 95% CI p-value

Age

Increasing of 1 year 0.92 0.81–1.06 .250

Weight

Increasing of 1 kg 1.04 1.01–1.07 .0098a

BCS

Overweight (BCS >5) 0.73 0.28–1.93 .508

Breeds

Retriever

Setter

Mixed breeds

0.55

1.10

1.10

0.13–1.52
0.43–2.43
0.19–3.12

.310

.831

.889

Sentinel lymphocenters number

Increasing of 1 lymphocenter 1.11 0.63–1.67 .689

SLN number

Increasing of 1 SLN 1.05 0.78–1.31 .737

SLN size

Increasing of 1 cm 1.04 0.98–1.09 .16

SLN status

Metastatic SLN 0.99 0.44–2.22 .986

Complications of Tumour excision

Yes 1.79 0.73–3.9 .19

Laterality

Left

Right

1.22

1.43

0.43–5.01
0.52–5.81

.735

.540

Time of lymphadenectomy

Increasing of 1 min 1.00 0.98–1.02 .69

Overall surgical time

Increasing of 1 min 1.01 0.99–1.02 .309

Note: For categorical variables, results are reported as prevalence ratio. For continuous variables results

are reported as the prevalence ratio for any unitary increase.
aStatistically significant at 5% level.

TABLE 5 Multivariate analysis of risk
factors for development of sentinel
lymph node biopsy complications: results
of fine linear generalized model

Variables Incidence ratio 95% CI p-value

Weight 1.04 1.01–1.08 .0073a

Sentinel lymphocenters number (increasing of 1

lymphocenter)

1.47 0.58–3.55 .4012

SLN (increasing of 1 SLN per dog) 0.91 0.55–1.41 .7005

Note: Results are reported as the incidence ratio for any unitary increase.
aStatistically significant at 5% level.
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model, there was no statistical correlation between occurrence of

complications at the lymphadenectomy and tumour sites (p = .19;

prevalence ratio: 1.74; 95% CI: 0.73–3.90) (Table 4).

4 | DISCUSSION

The present study is the first one specifically assessing the incidence

and risk factors for surgical complications of SLNB in a large cohort of

dogs. No intraoperative or fatal complications were reported. The

observed incidence of postoperative complications following SLNB

guided by γ-probing and blue dye was 21.2%, of which 91.7% were

self-limiting and 8.3% required surgical revision. As there are no stud-

ies that have explored the incidence of complications in dogs with

lymphadenectomies it is not possible to make a real comparison, how-

ever, the incidence of complications found in this study is comparable

with complications reported for other clean surgical procedures (range

7.5%–37%).37–39 All the dogs that developed a postoperative compli-

cation of SLNB recovered uneventfully within the follow-up period,

without permanent impairment of normal function or quality of life.

The only variable that predicted a higher risk of developing postopera-

tive complications at the lymphadenectomy site was increasing dogs'

weight.

The implementation of SLNB in the management of various

canine tumours is gaining increasing acceptance, given the impact on

staging and treatment choices of early detection of nodal

metastases.4,5,9,25 However, the current body of literature is lacking

detailed information on the morbidity of lymphadenectomies in

cancer-bearing dogs. Worley (2014) firstly described the impact of

SLNB with radiopharmaceutical and blue dye in a cohort of 20 dogs

with MCT and reported temporary lymphoedema in 5 cases following

extirpation of either the popliteal or mandibular nodes.5 In two recent

investigations on SLNB with γ-probing and blue dye in dogs with

MCT and head and neck tumours, no intraoperative complications

were reported, whereas postoperative complications occurred in 17%

and 27% of dogs, respectively, and consisted of lymphoedema in

3 dogs in each study, seroma in 2 dogs in each study, and surgical site

infection with abscess formation in one dog in the MCT study.2,4 Lym-

phoedema of the limbs and seroma were also reported in 2/16 dogs

with MCT and in 3/33 bitches with mammary gland tumours, respec-

tively, following SLNB guided by preoperative indirect CT lymphogra-

phy.8,11 Although in the mentioned studies the incidence of

postoperative complication is not specifically assessed, the low num-

ber of dogs experiencing adverse events related to SLNB is in accor-

dance with the low incidence that we report and corroborates the

assumption that the procedure is well tolerated in dogs. Furthermore,

in accordance with what observed in the study population, all previ-

ously reported postoperative complications resolved either spontane-

ously or with medical/surgical intervention and did not cause any

long-term functional impairment.

In the above-mentioned studies, intraoperative complications

(fatal or non-fatal) during SLNB are not reported, which is again in

F IGURE 1 Predicted incidence of complications in association with increasing patient's weight (increasing of 1 kg). For a 3 kg dog, the
estimated probability of complications of lymphadenectomy is 0.08, this probability increases to 0.18 for a dog that weights 25 kg and to 0.83 for
a 62 kg dog.
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accordance with the findings of the present study. Conversely, intrao-

perative complications of lymphadenectomy occurred in 11/125 dogs

after the extirpation of the RLN either without intraoperative guid-

ance, guided by methylene blue or by anchor wires in a recent investi-

gation.40 It should be noted, however, that intraoperative

complications consisted of anchor breakage and methylene blue leak-

age in the subcutis in all but one dog, and were thus related to the

technique used to identify the RLN rather than to the surgical proce-

dure itself; only one dog experienced an intraoperative haemorrhage,

and in this case the lymphadenectomy was performed without any

intraoperative guidance, suggesting a possible impact of the intrao-

perative guidance in reducing the risk of intraoperative adverse

events.40 In the latter investigation, postoperative complications were

also reported in only 17/125 and consisted of minor seroma in 9 dogs,

wound breakdown in 4 cases, erythema in 2 dogs, cellulitis and surgi-

cal site infection in one dog each, all of which resolved within 14 days;

again, the low number of adverse events following lymphadenec-

tomies and their transitory nature are in accordance with the results

of our study.40

In the study population, reversible temporary lymphoedema and

seroma were the most common postoperative complications. This

result is in accordance with previous reports on SLNB with or without

intraoperative guidance in dogs with different tumour types.2,4,5,8,11,40

Lymphoedema occurred more frequently to the distal limbs and muz-

zle in our study. Although comparable data are lacking in the veteri-

nary literature, this observation is partially supported by the long-

standing experience in human medicine that identifies lymphoedema

of the arms and legs as one of the most common complication after

axillary and inguinal/ilioinguinal lymphadenectomies, respectively.41,42

In human oncology, complications of lymphadenectomies have been

thoroughly investigated, given their potential to permanently impair

functionality and the negative impact on quality of life. Seroma and

infection are the most reported short-term complications, meaning

that they are observed within 30 days after surgery. They can occur in

up to 56.8% and 46.7% of patients respectively after radical inguinal

and ilioinguinal lymphadenectomy for cutaneous melanoma, while the

incidence is reduced to 5.1% and 2.9% when a target approach to the

SLN is performed.41,43 Lymphoedema is the most reported long-term

complication in humans, meaning that it is usually observed later than

30 days. Conversely, in dogs lymphoedema is observed only as a

short-term complication. In the study population the median time of

complication onset was 3 days, and all adverse events, including lym-

phoedema, solved within 25 days. Likewise, previous studies reported

that all complications related to SLNB in dogs solved within 24 days

from surgery.2,4,5,8,11,40 In a recent study on a canine model, lymphatic

anastomoses between the site of lymphadenectomy and lymph nodes

of surrounding areas have been demonstrated.44,45 This observation

could explain the lack of late and permanent post-operative lymphoe-

dema in dogs, compared to humans, although further studies are

needed to clarify the mechanism of lymphatic anastomoses after lym-

phadenectomy in dogs.

Among the examined variables, only increasing dog's weight was

associated with a higher risk of developing postoperative

complications of the lymphadenectomy site, while BCS showed no

significant effect. This result is in accordance with a previous report in

which an increased risk of postoperative complications of injection-

site sarcoma excision was found in cats with higher body weight.35 In

people, there are conflicting data regarding the impact of Body Mass

Index (BMI).32,46 Furthermore, nutrition status in humans seems to

have a negligible influence on early complications and to be mainly

correlated with an increased risk of late postoperative complica-

tions.32,46 Hence, it could be argued that our result is due to the lack

of long-term complications in the study population. Another possible

explanation is that in dogs the development of postoperative compli-

cations is influenced by size rather than by nutritional status, meaning

that heavier dogs belonging to larger breeds are at higher risk of

adverse events compared to small breeds. Although dog's breed was

not significant in univariate analysis, it should be noted that for statis-

tical purposes breeds were grouped based on the prevalence in the

population and not based on medium weight, which could have been

a source of bias. Furthermore, the low number of recorded complica-

tions allow for inclusion of BCS in the statistical model as a variable

with three modalities only rather than nine, which could also have

introduced a bias in our evaluation.

The number of excised SLN is a well-known predictor of short-

term postoperative complications of lymphadenectomies in

humans.32,46 In the present study, we failed to demonstrate a similar

correlation. This could be due to the fact that the mapping procedure

guided the dissection towards a low number of nodes, with only one

SLN removed in 30% of dogs, and more than 3 SLN excised in only

12.4% of cases. Although the location of SLNB could not be included

as a variable in the univariate model, the incidence of complications

following lymphadenectomy of the superficial cervical lymphocenter

seems to be higher compared to other locations. The superficial cervi-

cal nodes are located between the lateral aspect of the serratus ven-

tralis and scalenus muscles and cranial to the supraspinatus, and their

dissection inevitably results in creation of dead space in an area of

movement, thus possibly implying a higher risk of postoperative com-

plications. Prospective, randomized clinical trials are required to statis-

tically address the impact of the site of lymphadenectomy on the risk

of developing postoperative complications.

The combination of intraoperative γ-probing and blue dying

offers precise guidance during surgical dissection, potentially contrib-

uting to the lack of intraoperative complications and the relatively low

incidence and mild severity of most postoperative complications that

we report. Indeed, radiopharmaceutical involves a preoperative phase

with identification of the draining lymphocenter, and an intraoperative

phase during which the surgical approach is directed, precisely

towards the SLN by a hand-held gamma probe, from skin incision till

complete nodal removal. When blue dye is combined, the surgeon

could also directly visualize the lymph nodes and easily distinguish

them from the surrounding tissues.2 With this approach, surgical dis-

section can be minimized, potentially avoiding unnecessary tissue

trauma and reducing the surgical morbidity. In a multicentric trial on

complications of SLNB in women with early-staged breast cancer, the

authors reported a significantly higher risk of seroma formation when

8 ELENA ET AL.
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radiopharmaceutical was used without combining the methylene blue,

supporting the assumption that a better intraoperative guidance could

reduce the morbidity on SLNB.46 Further studies are warranted to

assess the impact of the combined technique on the risk of SLNB

complications in dogs.

In the study population, 51% of dogs were upstaged following

SLNB, and in 45% of those cases, the SLN did not correspond to the

clinically expected RLN, meaning that without lymphadenectomy or

with traditional RLN extirpation a significant proportion of dogs would

have been incorrectly staged and potentially undertreated. This result

is consistent with previous studies that reported an upstaging after

SLN mapping in 42%–60% of dogs with MCT, in 42% of dogs with

malignancies of the head and neck, and in 46.3% of bitches with mam-

mary tumours.2,4,5,8,17 Although non-metastatic nodes were ultimately

excised in nearly half of dogs of the study population, the low morbid-

ity that we report suggest an acceptable benefit to risk ratio and jus-

tify wider exploration of SLNB in veterinary practice, at least until the

prognostic weight of the procedure would be further clarified and

defined for each tumour-type.
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APPENDIX A: Nomogram (Figure 2)

A nomogram can be used to predict the risk of SLN biopsy complica-

tions based on the variables included in multivariate analysis: weight,

number of lymphocenters and total number of excised SLN.

For a given dog, the values of weight, number of lymphocenters

and number of SLN are identified on the corresponding scale of the

Nomogram. Three lines are then drawn starting from the identified

values and hitting perpendicularly the ‘Point’ axis on the Nomogram.

Obtained values on the ‘Point’ axis for each variable are then summed

and the resulting value is identified on the “Total points” axis. The prob-

ability of the developing surgical complications after SLN biopsy for the
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dog is identified on the ‘Predictor value’ axis by drawing a perpendicular

line starting from the resulting value on the ‘Total points’ axis.
For example, a dog of 25 kg with 3 SLN belonging to 3 different

lymphocenters removed, receives 38 points for “weight”, 26 points

for “number of lymphocenters” and 12 for “number of SLN”,
leading to a total of 76 points and to an associated probability of

developing complications of the lymphadenectomy site of

around 0.30.
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