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Abstract

Background: The clinical applicability of sonography and sonoelastography (SOE) in
the detection of lymph node malignancy in dogs has not been established.
Objectives: To compare sonographic and sonoelastographic findings between malig-
nant and benign superficial lymph nodes and to evaluate the diagnostic performance
of those methods.

Animals: One-hundred sixteen lymph nodes of 54 dogs.

Methods: A prospective observational study was used to investigate sonographic fea-
tures and elasticity scores of malignant and benign superficial lymph nodes. Lymph
nodes were categorized as malignant or benign according to cytology or histopathol-
ogy. Quantitative variables were compared using Student's unpaired t test. Prevalence
of categorical variables was compared using nonparametric Mann-Whitney U test.
Diagnostic performance was calculated by receiver-operating characteristic analysis.
Results: Forty-nine malignant and 67 benign lymph nodes were included. Malignant
nodes had larger long axis (LA; P = .0002), short axis (SA; P < .0001) and short-to-
long axis ratio (P < .0001) in comparison with benign nodes. Malignant nodes had a
higher prevalence of mixed vascular distribution on Doppler color flow mapping
(P < .005) and on power Doppler (P < .0001) and higher resistivity index (RI; P < .0001),
pulsatility index (P < .0001), and elasticity score (P < .0001) in comparison with benign
nodes. Short axis, elasticity score, and Rl offered the best accuracies, 80.2%, 78.1%, and
77.7% (P < .05), respectively, for malignancy detection.

Conclusions and Clinical Importance: Results support the use of Doppler sonography
and SOE as auxiliary methods to brightness mode sonography to detect nodal

malignancy.
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1 | INTRODUCTION

Accurate identification of malignancy in lymph nodes is essential
for therapeutic planning, tumor staging, and prognosis prediction
in dogs with neoplasia.! Fine-needle aspiration (FNA) cytology is
widely used in small animal clinical practice because of its minimal
invasiveness, cost-effectiveness? and high sensitivity (SE) and speci-
ficity (SP) for diagnosis of lymph node lesions.®> However, FNA
cytology may be associated with a low percentage of nondiagnostic
sampling and may be costly if the assessment of multiple nodes is
required.?

Several studies investigated the utility of noninvasive imaging
methods, brightness mode (B-mode), and Doppler sonography, for char-
acterization of lymph node lesions in human patients.>** Sonographic

589

features such as size, shape, margination, echogenicity, texture, vas-

cular flow distribution,>”?~11

and perfusion indices®” have been used to
characterize lesions.

In the veterinary medical literature, although some studies
attempted to characterize malignant nodes using ultrasonography,
results often have been controversial, particularly with the use of
B-mode sonography.'*?71% pulsed-wave Doppler (PWD) sonography
has been proposed as a method of differentiating benign from
malignant lymphadenopathy in dogs.'®*¢ However, the value of the
isolated use of this technique remains to be determined, because
satisfactory diagnostic accuracy may be dependent on extreme cut-
off values.®

Sonoelastography (SOE) was first implemented in human medicine
in the early 1990s.2” Among the different modalities available, strain
elastography is a real-time imaging technique that can estimate tissue
elasticity according to elasticity stiffness scores*® and is based on the
assumption that malignant tissues have stiffer elasticity than do
benign tissues.r? Studies performed in human patients suggest that
this modality can be used as a complementary tool to ultrasonography
with potential to avoid unnecessary biopsies of nodal lesions.2°

We are aware of only 1 study in the veterinary medical literature
that used strain elastography to try and differentiate malignant from
nonmalignant lymph nodes. This study was limited by its small sample
size and finding of overlap of the elastographic scores between malig-
nant and nonmalignant lymph nodes.2! The majority (80.4%) of nodes
evaluated in that study were intra-abdominal (deep) nodes.

Although sonography and SOE can provide detailed information
regarding dimensions, contours, parenchymal architecture, vasculari-
zation, and elasticity of lymph nodes affected by different disease pro-
cesses, the value of these variables in the detection of malignancy
remains unclear in veterinary clinical practice. Our first objective was
to compare B-mode and Doppler sonographic features as well as elas-
ticity stiffness scores between benign and malignant superficial lymph
nodes of dogs. We hypothesized that sonographic and elastographic
features would be distinct between both categories of nodes. The
second objective was to evaluate the diagnostic performance of those

methods in the detection of nodal malignancy.

2 | MATERIALS AND METHODS

2.1 | Animals

This prospective observational study included 116 superficial lymph
nodes over a 1-year period (July 2016 to June 2017). The study popu-
lation comprised 54 client-owned dogs. Samples from 53 were sub-
mitted to the Pathology Service, Department of Veterinary Clinics, for
cytological examination of 114 lymph nodes. Reasons for referral to
cytology included investigation of enlarged superficial lymph nodes
and regional lymph node staging in patients with local tumors. Imme-
diately after cytology, dogs underwent sonographic and sonoelasto-
graphic examination. At this time, cytological specimens were subjected
to a rapid on-site evaluation of sampling quality for later cytological
examination and diagnosis. One dog had sonographic evaluation of
2 lymph nodes performed before microscopic evaluation. This dog sub-
sequently was euthanized and the 2 lymph nodes were removed during
necropsy, and histopathologic evaluation was performed instead of
cytology.

Inclusion criteria consisted of any lymph node of dogs that under-
went cytological or histopathological examination and the owners of
which allowed sonographic evaluation of the examined node. Exclu-
sion criteria consisted of lymph nodes with nondiagnostic cytology
specimens or lymph nodes with diagnosis of a benign lesion in a dog
diagnosed with lymphoma by FNA of another node.

The study was performed according to the Ethical Principles in
Animal Research adopted by the Brazilian College of Animal Experi-
mentation (COBEA) and was approved by the Ethics Committee on
Animal Use (CEUA) of the School of Veterinary Medicine and Animal
Science, Sao Paulo State University (protocol 136/2016). Owners

signed consent forms before inclusion of dogs in the study.

2.2 | Cytology/Histopathology

Cytological or histopathological examination of the lymph nodes was
performed by experienced pathologists. Samples were collected and
processed using standard techniques. Cytology slides were air-dried
and subsequently stained with Diff-Quik (Laborclin, Pinhais, Parana,
Brazil). Histologic sections were prepared from formalin-fixed tissue
and stained with hematoxylin-eosin. Slides were interpreted and,

based on the diagnosis, categorized as benign or malignant.

2.3 | Ultrasonography

Sonography and SE were performed by a single investigator (A.F.
Belotta) who was unaware of the category of each lymph node
(benign or malignant), using a MyLab Alpha Unit (Esaote Healthcare,
Sao Paulo, SP, Brazil) and multifrequency linear transducer (4-13 MHz).
Images were stored in the equipment and transferred via DICOM for
analysis using MyLab Desk3 software (Esaote Healthcare, Sao Paulo,
Brazil).

Using B-mode, maximum short axis (SA) diameter and maximum

long axis (LA) diameter were measured, and short-to-long axis (SLA)
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ratio was calculated. Contour regularity (regular or irregular), nodal
border definition (well-defined or ill-defined), parenchymal uniformity
(homogeneous or heterogeneous), nodal hilum definition (present or
absent), and perinodal fat echogenicity (isoechoic or hyperechoic)
were recorded.

Doppler color-flow mapping (DCFM) and power Doppler (PD)
were used to evaluate vascular supply within the node. Doppler gain
was adjusted to the highest without the presence of noise, ensuring
high sensitivity for the detection of smaller and low velocity flow ves-
sels. Pulse repetition frequency (PRF) was kept the lowest without
aliasing artifact. When detected, vascular flow was analyzed in multi-
ple planes and was subjectively categorized according to intensity
(mild, moderate, or intense) and distribution (hilar, peripheral or mixed,
hilar and peripheral). When present, anomalous vascular flow was cat-
egorized as spotted (scattered vascular spots distributed in a random
order within the parenchyma), pericapsular (peripheral vessels, adja-
cent and outside the lymph node capsule), subcapsular (peripheral
vessels, adjacent and inside the lymph node capsule), trans-capsular
(centripetal flow signal, opposite to the hilar flow), exuberant (central
or peripheral high flow signals), or deformed (displaced radial vascular-
ity), as previously described in human patients and in dogs.'#2223

Spectral waves of vessels within the nodes were obtained using
PWD, and semiquantitative evaluation of nodal perfusion was per-
formed. Frequency varied between 5 and 7.1 MHz, and PRF and
Doppler gain were adjusted as reported for DCFM and PWD. Once
3 consecutive and similar arterial peak waveforms within a consistent
series were obtained, systolic peak velocity (SPV) and end-diastolic
velocity (EDV) were measured. Resistivity index (RI) and pulsatility

index (PI) were calculated according to the following formulas:

_ SPV (cm/s)-EDV (cm/s)
- SPV (cm/s)

RI

_ SPV (cm/s) -EDV (cm/s)

Pl MV (cm/s)

where Rl is resistivity index; SPV is systolic peak velocity; EDV is
end-diastolic velocity; Pl is pulsatility index; and, MV is mean velocity.
For each lymph node, 2 other arterial spectral waves were obtained,

and average Rl and Pl were calculated.

2.4 | Sonoelastography

Sonoelastography was performed using the ElaXto sonoelastography
function in the same ultrasound unit (MyLabAlpha). Before evaluation
of a node, the observer (A.F.B.), who had 5 years of experience with
qualitative elastography, evaluated several images to become familiar
with the proposed chromatic scale. After acquiring a B-mode image of
the lymph node in the longitudinal plane, a region of interest compris-
ing the lymph node and surrounding tissue was selected. Rhythmic
soft movements creating compression and decompression were applied

perpendicular to the node. Images were saved when the compression

N
scale became green, indicating that the compressive and decompressive
movements performed on the node were uniform and regular.

The elastogram was displayed on the right side of the screen and
the B-mode image on the left side. The degree of deformity of the
lymph node was determined according to a qualitative chromatic scale
and the estimate of tissue stiffness determined by the same experi-
enced sonographer who subjectively assigned each image of the

nodes into 1 of the 4 elasticity stiffness scores previously proposed?*:

>80% of the total area of the node depicted in yellow or red (soft);

2. 50% to 80% of the total area of the node depicted in yellow or
red (moderately soft);

3. 50% to 80% of the total area of the node depicted in blue (moder-
ately stiff);

4. >80% of the total area of the node depicted in blue (stiff).

Intranodal anechoic focal areas corresponding to cystic or necrotic
changes were not included in the analysis because they were not
indicative of the solid component. In those cases, the remaining
parenchyma was evaluated. In cases in which acquisition of uniform
and regular movements was not feasible, nodes were excluded from
the analysis.

Five to 10 elastograms were acquired for each lymph node, and
an elasticity stiffness score was assigned for each image. An average
score then was calculated for each lymph node. If the resulting aver-
age score was a decimal number, it was approximated to the nearest
whole number. The mean elasticity stiffness score then was obtained

for each group (benign and malignant).

2.5 | Statistical analysis

Normal distribution of quantitative variables was determined by the
Kolmogorov-Smirnov test. Quantitative variables including LA, SA,
SLA ratio, RI, and Pl were compared between neoplastic and nonneo-
plastic nodes using a Student's unpaired t test (for data with normal
distribution). Qualitative variables including contour regularity, nodal
border definition, parenchymal uniformity, nodal hilum, perinodal tis-
sue echogenicity, vascular flow intensity and distribution, abnormal
vascular flow, and elasticity stiffness score were assessed between
the 2 categories of nodes using a nonparametric Mann-Whitney
U test (for data with nonnormal distribution).

To evaluate diagnostic performance of the variables that were
significantly different between benign and malignant nodes, optimal
cutoff points maximizing SE and SP were determined using receiver-
operating characteristic (ROC) curves. Area under the curve (AUC)
was calculated with 95% confidence interval (Cl) to quantify the abil-
ity of each variable to detect malignancy. In addition, positive predic-
tive value (PPV), negative predictive value (NPV), and accuracy were
calculated for each cutoff point. Agreement of malignancy with vascu-
lar flow distribution (normal/hilar or abnormal/hilar and peripheral or
abnormal/peripheral) on PD was analyzed using Cohen kappa coeffi-
cient for each group (benign versus malignant). In addition, a binary

logistic regression model was built, using malignancy as the dependent
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variable. The Nagelkerke pseudo-R? value was calculated to assess
prediction accuracy, and an ROC curve was built to determine the

predictive capacity. Analyses were considered significant when P < .05.

3 | RESULTS

Dogs with malignant nodes had a mean age of 9.2 years (median,
10 years; range, 4-14 years) and mean weight of 22 kg (median,
18.5 kg; range, 5.6-49 kg), whereas dogs with benign nodes had mean
age of 7.6 years (median, 8 years; range, 0.5-13 years) and mean
weight of 20.7 kg (median, 18.5 kg; range, 4.2-60.5 kg). The malignant
nodes group comprised mostly mixed-breed dogs (10/21, 47.62%),
Dachshunds (3/21, 14.29%), and Golden Retrievers (2/21, 9.52%),
among others. The benign nodes group comprised mostly mixed-
breed dogs (21/33, 63.64%), Pit Bulls (3/33, 9.09%), and Labradors
(2/33, 6.06%), among other breeds.

The evaluated lymph nodes were superficial cervical (n = 40), popli-
teal (n = 41), mandibular (n = 22), inguinal (n = 12), and axillary (n = 1).
According to cytology or histopathology, lymph nodes were categorized
into malignant (n = 49) or benign (n = 67) groups. Benign nodes were
diagnosed as reactive nodes (42/67, 62.69%), parasitic lymphadenitis
(Leishmania spp.; 15/67, 22.39%), eosinophilic lymphadenitis (7/67,
10.45%), neutrophilic lymphadenitis with coccoid bacteria (2/67, 2.98%),
and nodal hyperplasia (1/67, 1.49%). Most malignant nodes were diag-
nosed with lymphoma (39/49, 79.59%) and the remaining nodes with
metastasis of local tumors (10/49, 20.41%). With respect to metastatic
nodes, most represented metastasis from carcinomas (7/10, 70%), which
included metastasis from mammary carcinomas (5/7, 71.43%), sebaceous
carcinoma of the prepuce (1/7, 14.28%), and anal glad carcinoma (1/7,
14.28%). The remaining nodes were mast cell tumor (2/10, 20%) and oral
melanoma (1/10, 10%) regional lymph node metastases.

Sonographic features of malignant and benign nodes are summa-

rized in Tables 1 and 2 and elasticity scores are summarized in Table 3.

TABLE 1 B-mode sonographic features of benign and malignant
lymph nodes of dogs

B-mode sonographic Benign Malignant

features (N = 67) (N = 49) P

LA (cm) 2.61 + 0.88* 3.43 + 1.39* .0002

SA (cm) 1.15+£037%* 218 +1.12%* <.0001

SLA ratio 0.46 £0.14%+  0.64 £0.16%* <.0001

Irregular contour 40 (59.7%) 26 (53.06%) 84

Well-defined border 60 (89.55%) 41 (83.67%) 79

Heterogeneous 33 (49.25%) 29 (59.18%) .36
parenchyma

Nodal hilum definition 43 (64.18%) 30 (61.22%) >.99

Hyperechoic 19 (28.36%) 20 (40.82%) .19

perinodal fat

Abbreviations: LA, long axis; SA, short axis; SLA ratio, short-to-long axis
ratio.

*P = 0002 between benign and malignant nodes.

#%P < 0001 between benign and malignant nodes.

TABLE 2 Doppler sonographic features of benign and malignant
lymph nodes of dogs
Doppler sonographic Benign Malignant
features (N = 67) (N = 49) P
Vascular flow present 61 (91.04%) 43 (87.75%) 76
on DCFM
Vascular flow intensity
on DCFM
Mild 30 (49.18%) 24 (55.81%) 0.46
Moderate 29 (47.54%) 18 (41.86%)
Intense 2 (3.28%) 1(2.32%)
Vascular flow distribution
on DCFM
Hilar 47 (77.05%)* 19 (44.19%)* .003
Peripheral 1 (1.64%)* 4 (9.3%)*
Hilar and peripheral 13 (21.31%)* 20 (46.51%)*
Vascular flow present 65 (97.01%) 48 (97.96%) 91
on PD
Vascular flow intensity
on PD
Mild 17 (26.15%) 16 (33.33%) .85
Moderate 42 (64.61%) 20 (41.67%)
Intense 6(9.23%) 9 (18.75%)
Vascular flow distribution
on PD
Hilar 45 (69.23%)** 9 (18.75%)** <.0001
Peripheral O 5 (10.42%)%**
Hilar and peripheral 20 (30.77%)** 32 (66.67%)**
Anomalous vascular 10 (15.38%)** 42 (87.5%)** <.0001
flow present
RI 0.64 £ 0.1%* 0.75 £ 0.1%x* <.0001
PI 1.23+042%*  1.84+0.73** <0001

Abbreviations: DCFM, Doppler color-flow mapping; PD, Power Doppler;
PI, pulsatility index; RI, resistivity index.

*P < .05 between benign and malignant nodes.

##P < 0001 between benign and malignant nodes.

Significant differences were seen in LA (P = .0002), SA (P < .0001), and
SLA ratio (P < .0001) between both categories. Means for those fea-
tures were higher in malignant nodes (Table 1). At B-mode sonography,
cutoff SLA ratio was 0.48; <0.48 was benign and >0.48 was malignant
with 85.7% SE and 67.2% SP (P < .05). No statistical difference was
found for contour regularity, nodal border definition, parenchymal uni-
formity, nodal hilum definition, and perinodal fat echogenicity between
benign and malignant nodes (Figure 1). However, an irregular contour
and well-defined nodal border were more frequent in benign nodes,
whereas heterogeneous parenchyma, absence of hilum definition, and
hyperechoic perinodal fat were more frequent in malignant nodes.
Among benign nodes with heterogeneous parenchyma, heterogeneity
was a result of hypoechoic areas within the parenchyma (17/33,
51.51%), “target-like” lesions (8/33, 24.24%), hyperechoic distorted
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TABLE 3 Distribution of frequencies of elastographic scores of
benign and malignant lymph nodes of dogs

Elastographic Benign Malignant

score (N = 60) (%) (N = 36) (%) P

1 24 (40)** Ok <.0001
2 21 (35)%x* 6(16.67)**

3 13 (21.67)** 14 (38.89)**

4 2 (3.33)** 16 (44.44 )%

1, soft elasticity; 2, soft, intermediate elasticity; 3, stiff, intermediate elas-
ticity; 4, stiff elasticity.
##P < 0001 between benign and malignant nodes.

hilum (5/33, 15.15%), and hypoechoic peripheral rim (3/33, 9.09%).
Among malignant nodes, heterogeneity was a result of ill-defined hypoe-
choic areas within the parenchyma (13/49, 26.53%), focal areas of cal-
cification (11/49, 22.45%), and focal well-defined nodular areas
(3/49, 6.12%).

A significant difference was seen in the vascular flow distribution
between the groups using DCFM (P < .005) and PD (P < .0001;
Figure 2A, B). Hilar flow was the most frequent vascular distribution in
the benign nodes category, whereas mixed (hilar and peripheral) flow
distribution was most frequent in the malignant nodes (Figure 2C, D).
Although vascular flow distribution on PD had low agreement with
malignancy (Cohen's kappa = 0.48; 95% Cl, 0.29-0.66), binary logistic
regression coefficients were significant (P < .01) and lymph nodes with
mixed or peripheral vascular flow distribution on PD had a 9.25 greater
risk of malignancy (95% Cl, 3.9-23.8). The presence of abnormal vascu-
lar flow within the nodes was significantly different between benign

and malignant nodes (P < .0001) and was greater in malignant nodes

Open Access, American

College of
Veterinary Internal Medicine

(42/46, 91.3%). The following types of anomalous flow were identified
in malignant nodes: spotted (22/46, 47.83%), pericapsular (14/46,
30.43%), subcapsular (7/46, 15.22%), transcapsular (7/46, 15.22%), exu-
berant (5/46, 10.87%), and deformed (3/46, 6.52%). In some nodes,
>1 type of anomalous flow could be detected (Table 2).

Resistivity and pulsatility indices also differed between the groups
(P < .0001), with higher values observed in the malignant nodes in
comparison with benign nodes (Figure 2E). When an Rl value of 0.69
was taken as the cutoff point, SE and SP of Rl were 86.4% and 71.2%,
respectively (P < .05). When the Pl value of 1.49 was taken as the cut-
off point, SE and SP of Pl were 70.7% and 78%, respectively (P < .05).
No significant differences were found between the groups for other
Doppler sonographic features such as the presence of vascular flow
and intensity of flow (Table 2).

Elasticity score distribution was significantly different between
the groups (P < .0001), with a score of 1, relative to soft elasticity,
being most frequent in the benign nodes (Supporting Information
Figure S3A, B) and score 4, relative to stiff elasticity, being most fre-
quent in the malignant nodes (Figure 3C, D; Table 3). Satisfactory elas-
tographic images were acquired for 82.8% (96/116) of the nodes.
Nearly 89.5% of the benign nodes (60/67) and nearly 73.5% of the
malignant nodes (36/49) had satisfactory elastographic images that
allowed categorization into 1 of the scores. Reasons for unsatisfac-
tory elastograms included large size of some of the lymphomatous
nodes in the malignant group and an anechoic or hypoechoic compo-
nent corresponding to an extensive portion of the node in both
groups.

The diagnostic performances of B-mode, PD, PWD, and SE vari-
ables are summarized in Table 4. Short axis offered the highest diag-

nostic accuracy, 80.2% (P < .05), for prediction of nodal malignancy,

POPLITEO  ESQ

FIGURE 1 B-mode
sonographic images of reactive (A
and B) and neoplastic nodes (C and
D) of dogs. Heterogeneous
parenchyma is noted in a popliteal
reactive node (A) and in a
superficial cervical lymphomatous
node (C). An increase in
echogenicity of peri-nodal fat is
observed around a reactive
superficial inguinal node (B) and
around a malignant mesenchymal
tumor metastasis in a superficial
inguinal lymph node
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FIGURE 2 Doppler sonographic images of lymph nodes of dogs. Doppler color flow mapping (A) and Power Doppler (B) images show hilar
vascular flow distribution in the same reactive popliteal node, more intense on Power Doppler. Doppler color flow mapping of a superficial
cervical lymphomatous node (C) shows hilar and peripheral flow distribution, with an associated abnormal peri-capsular vessel. Doppler color flow
mapping (D) of a malignant mesenchymal tumor metastasis in a superficial inguinal lymph node: abnormal exuberant hilar and peripheral flow.
Pulsed wave Doppler image (E) of a popliteal lymph node with high resistivity spectral pattern and perfusion indices (RI: 0.92; and PI: 2.37)

followed by elasticity score, with 78.1% (P < .05), and RI, with 77.7% for B-mode, PD, and PWD, relative to SE, are shown in Figure 4.
(P < .05). Long axis offered the highest SP for prediction of nodal Among the variables, elasticity score showed the highest AUC, 0.87
malignancy, 85.1% (P < .05). Receiver-operating characteristic curves (95% Cl, 0.8-0.93).
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FIGURE 3 Sonoelastographic images of reactive popliteal nodes (A and B), of a lymphomatous popliteal node (C) and an oral melanoma
metastatic mandibular node (D) in dogs. In images (A) and (B), more than 80% of the total area of the node is depicted in red (soft) and yellow
(intermediate), with less than 20% of the area depicted in blue (stiff), corresponding to score 1. In (C), 50 to 80% of the total area of the node is
depicted in blue and mild areas depicted in red or yellow, corresponding to score 3. In (D), more than 80% of the total are of the node is depicted
in blue , correponding to score 4

4 | DISCUSSION

Our hypothesis was that sonographic and elastographic features
would be distinct between benign and malignant nodes. Although sig-
nificant differences were observed in SA, LA, and SLA ratio between
both categories, most B-mode sonographic features including contour
regularity, nodal border definition, parenchymal uniformity, nodal
hilum definition, and perinodal tissue echogenicity did not differ
significantly.

Mean SA and LA for benign and malignant nodes in our study are
higher than values reported for presumptively normal superficial cer-
vical lymph nodes in dogs.2> Malignant nodes had significantly higher
SA and LA in comparison with benign nodes, as previously reported
for deep lymph nodes in dogs.'® To our knowledge, mean values for
SA and LA, as well as differences in these values between benign and
malignant superficial nodes in dogs, have not been investigated previ-
ously. In our study, among all variables, SA offered the best diagnostic

accuracy for detection of nodal malignancy. However, the overlap of

SA measurements between some benign and malignant nodes and the
fact that some metastatic nodes may not increase in size highlight the
importance of additional tools such as Doppler modality and SOE in
the detection of malignancy. Although LA offered the lowest diagnos-
tic accuracy, it also had the highest SP and thus better ability to avoid
unnecessary invasive procedures for the diagnosis of neoplastic nodes.
The best diagnostic accuracy for SLA ratio in our study showed
a cutoff point <0.48 for reactive and >0.48 for malignant nodes. The
higher SLA ratio observed for neoplastic nodes in comparison with
benign nodes corroborates previous studies in dogs and human

ts,242% which showed that neoplastic nodes tend to have rounded

patien
shape. The rounded shape of neoplastic nodes is associated with tumor
cell infiltration in part of the node, obliterating lymphatic channels, and
leading to focal cortical enlargement.?” However, superficial metastatic
nodes in dogs were reported to have a rounded or elongated shape.'®
The same was observed in our study, in which half of the metastatic
nodes (5/10; 50%) had an SLA ratio <0.5 and, consequently, more elon-

gated shape. The higher proportion of lymphomatous nodes (39/49,
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TABLE 4 Diagnostic performance of B-mode, color-flow mapping Doppler, power Doppler, pulsed-wave Doppler and sonoelastography in

the detection of malignancy in superficial lymph nodes of dogs

Cutoff SE SP
Sonographic features point (%) (%)
SA 1.73 92.5 63.3
LA 3.42 51 85.1
SLA ratio 0.48 86.7 67.2
Flow distribution PD 80 69
RI 0.69 86.4 71.2
Pl 1.49 70.7 78
Elasticity score 25 83.3 75

PPV NPV Accuracy AUC

(%) (%) (%) (95% CI)
86.1 77.5 80.2 0.83
71.4 70.4 70.7 0.68
65.6 86.5 75 0.8

65 83 73 0.75
69.1 87.5 777 0.82

69 79.3 75 0.78
66.7 88.2 781 0.87

Abbreviations: AUC, area under the curve; LA, long axis; NPV, negative predictive value; PD, Power Doppler; PI, pulsatility index; PPV, positive predictive
value; RI, resistivity index; SA, short axis; SE, sensitivity; SLA ratio, short-to-long axis ratio; SP, specificity.

79.59%) included in the malignant group as opposed to metastatic nodes
(10/49, 20.41%) may have contributed to a higher mean SLA ratio in this
category.

The lack of significant differences in contour regularity, nodal bor-
der definition, parenchymal uniformity, and nodal hilum definition cor-
roborates a previous study that compared sonographic features between
benign and malignant superficial lymph nodes of dogs.*® With respect to
hyperechoic nodal fat, some investigators found that this sonographic
variable is more likely associated with lymph nodes with round cell neo-
plasia, although it also may be a nonspecific finding in lymph nodes with
other types of neoplasia or with benign lesions.2® In our study, although
hyperechoic perinodal fat was found to be more prevalent in neoplastic
nodes, when analyzing only the malignant group, this feature was found
to be more prevalent in metastatic nodes (7/10, 70%) than in lymphoma-
tous nodes (13/39, 33.3%), as opposed to the previous study.?®

In our study, nodal border was well defined in a high number of
lymph nodes in both groups. Well-defined nodal border, in human
patients, was associated with malignancy.?? In another study performed
on superficial lymph nodes of dogs, although this feature was highly
prevalent in lymphomatous nodes, no statistical difference was observed
between malignant and benign nodes, supporting our results.®

Although parenchymal heterogeneity was more frequently observed
in malignant nodes because of the presence of focal areas of calcifica-
tion (11/49, 22.45%), hypoechoic areas (13/49, 26.53%), and focal nod-
ular areas (3/49, 6.12%), no statistical difference was observed between
benign and malignant nodes. Some investigators have associated het-
erogeneity with malignancy in intra-abdominal lymph nodes of dogs.**?
Others reported similar frequencies for parenchymal heterogeneity
between benign and malignant lesions in superficial and deep canine
lymph nodes.*®3° Focal areas of decreased echogenicity in benign
nodes may be representative of inflammation, whereas in malignant
nodes, it may occur as a result of necrosis.>°

In our study, nodal hilum was defined in nearly 60% of nodes in
both groups and, consequently, no statistical difference was found, cor-
roborating other studies.*>3° The absence of a nodal hilum definition
was described in a high percentage of lymphomatous nodes in dogs.'*
It also has been previously associated with malignancy in human

patients, because of infiltration of neoplastic tissue.?® However, other

researchers showed that nonneoplastic lesions such as inflammatory or
infectious lymphoid hyperplasia could lead to formation of new germi-
nal centers within the hilum and, as a result, to its absence.*°

Doppler modalities have been shown to be effective in the detection
of malignancy in lymph nodes of human and canine patients.1131531
The same was observed in our study because vascular flow distribu-
tion, Rl and PI, were significantly distinct between malignant and
benign nodes. With regard to vascular distribution, an improvement in
statistical significance was observed when PD was used to evaluate
vascular flow as opposed to the use of DCFM. This is justified by the
higher SE of PD for the detection of weak signals in small vessels that
have low-velocity flow.2® Hilar vascular flow distribution was most
frequent in benign lymph nodes, whereas hilar and peripheral were
most frequent in malignant lymph nodes, as observed in a previous
study.*® In our study, PD did not offer high diagnostic accuracy (73%)
in the detection of nodal malignancy. However, nodes with peripheral
or mixed vascular distribution were 9.25 times more likely to be malig-
nant (95% Cl, 3.9-23.8, P < .05). Abnormal vascular flow was detected
in 87.5% of malignant nodes, including high frequencies of scattered
spots of vessel signals, pericapsular (14/46, 30.43%), subcapsular (7/46,
15.22%), and transcapsular (7/46, 15.22%). With the chronicity of neo-
plastic processes, tumor compression leads to avascular areas within the
nodes and capsular vessels are created in order to supply the tumor.2®

The high RI and Pl observed in the neoplastic nodes may reflect
increased intranodal vascular resistance as a result of the compressive
effect of the tumor, angioneogenesis, and arteriovenous shunts, which

lead to turbulent flow and high perfusion indices,3%3?

corroborating
other studies in dogs.*®>'® The ROC analysis showed that cutoff values
for Rl (0.69) and PI (1.49) to predict nodal malignancy in our study are
close to the cutoff values previously reported for RI (0.68) and PI (1.49)
to discriminate between normal and metastatic superficial lymph nodes
in dogs.?® In addition, Rl in our study showed very good diagnostic accu-
racy in the prediction of malignancy, as opposed to a study performed
in human patients that suggested that only extreme cutoff points of per-
fusion indices are useful in diagnosis and treatment planning.

With respect to the elastographic examination, the use of a quali-
tative chromatic scale was effective in the differentiation between

superficial benign and malignant nodes. In the benign nodes, a high
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FIGURE 4 Receiver-operating characteristic curves assessing the
diagnostic efficacy of B-mode parameters and sonoelastography (A),
vascular flow distribution on power Doppler and sonoelastography
(B), and pulsed-wave Doppler parameters and sonoelastography (C),
for detection of malignancy in superficial lymph nodes in dogs. Area
under the curve for sonoelastography (0.87) is higher than those for
short axis (0.83), long axis (0.68), short-to-long axis ratio (0.8), vascular
flow distribution on power Doppler (0.75), resistivity index (0.82) and
pulsatility index (0.78)
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frequency of score 1 (soft) was found, whereas in malignant nodes a
high frequency of score 4 (stiff) was found, similar to results described
in a previous study that evaluated a population comprised mostly of
deep canine and feline lymph nodes.2? Although variations may occur,
particularly in lymphomatous nodes with necrotic areas, malignant
nodes of human patients showed >45% of their total area with stiff
elasticity because of infiltration by tumor.?3® An important propor-
tion of lymph nodes in both groups had overlapping elastographic
scores, as previously described,?! limiting the use of SOE individually
for the detection of malignancy. However, in human patients, a high
diagnostic power was obtained associating the high SP of SOE with
the high sensitivity of B-mode sonography in comparison with the use
of each method individually in the detection of malignancy in nodes
that had overlapping sonographic scores.>2

To our knowledge, ours is the first study to report the diagnostic
performance of strain elastography in the detection of nodal malig-
nancy in dogs. Elasticity stiffness score offered the highest AUC value
and, consequently, the best diagnostic ability to predict nodal malig-
nancy. This modality also offered very good diagnostic SE (83.3%),
and moderate SP (75%) in malignancy detection. These results are
supported by those reported in a recent study, in which Acoustic
Radiation Force Impulse (ARFI) elastography, a quantitative modality
of elastography, had excellent diagnostic accuracy in the detection of
axillary and inguinal nodal metastasis in bitches with mammary neo-
plasms.3* Sonographic and sonoelastographic variables were not accu-
rate enough to replace cytological evaluation of superficial lymph
nodes in dogs, which offered SE and SP of 100% and 96%, respec-
tively, in a previous study.® However, they are useful noninvasive
imaging modalities that yield a presumptive diagnosis of malignancy.
We believe that combining 22 sonographic or sonoelastographic vari-
ables would improve the diagnostic accuracy of nodal malignancy
detection, and that this association should be investigated.

Variables such as SA, R, and elasticity stiffness score, which offered
the highest diagnostic accuracy in our study, can be used as an aid to
determine the need for further and more invasive diagnostic procedures
such as FNA or biopsy, avoiding additional costs to clients and unneces-
sary anesthetic exposure to patients in some cases. Furthermore, sonog-
raphy and SOE may be used as additional or alternative diagnostic tools
when inconclusive or negative cytological results are obtained. In the
first case, sonography also can help determine the best area for needle
placement, by avoidance of focal anechoic or hypoechoic areas sugges-
tive of necrosis or inflammation and of highly vascularized areas that
could negatively influence the adequacy of the aspirates.

A limitation of qualitative real-time SOE includes the subjectivity
associated with the evaluation of elastograms, which may lead to a
higher interobserver variability in comparison with other elastographic
modalities. This limitation could be avoided by use of a semiquantita-
tive measurement such as strain ratio, which measures the elasticity
of the node relative to adjacent tissues and has been shown to
improve the diagnostic SE of the elastographic score in humans.'®
Although promising results have been shown in individual studies,
strain index efficacy still needs further investigation, because cutoff

values have been inconsistent across different studies, varying from
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0.65 and 2.3 for axillary metastatic nodes??%° to 1.5 and 2.39 for cer-
vical®* and superficial®® neoplastic nodes, respectively. In the veteri-
nary medical literature, another quantitative elastographic variable, ARFI
shear wave velocity, recently has been proposed to differentiate meta-
static from benign nodes in bitches with mammary neoplasms.>* In that
study, metastatic nodes had a higher mean value (2.99 m/s) for shear
wave velocity in comparison with reactive (2.29 m/s) and normal nodes
(1.91 m/s).

Sonographic and elastographic evaluation of the lymph nodes in
our study was performed immediately after aspiration cytology for
most nodes (114/116, 98.28%). Although the insertion of the needle
into the lymph nodes potentially could have some effect on sono-
graphic images, in our experience, the effect is limited to a recogniz-
able needle track on sonographic image in a few lymph nodes.
However, a needle track was not observed in any of the nodes. To
our knowledge, no available studies have evaluated the effects of
FNA on sonographic images of the organ being aspirated. On the
other hand, FNA effects on lymph node histology have been investi-
gated previously. It was found that approximately 84% of the nodes
aspirated had no evidence of architecture distortion and only 8% of
the nodes had some evidence of needle tracks on histology.?” In the
same study, of the nodes with a needle track, approximately 43%
showed histologic changes such as fibrin and inflammatory cells sur-
rounding the needle track and occupying an area <5% of the section.
This finding suggests that fine-needle cytology would cause minimal

effects on qualitative and quantitative sonographic variables.

5 | CONCLUSIONS

Sonography and SOE are useful imaging modalities for differentiating
between malignant and benign lymph node lesions in dogs, particu-
larly using variables such as SA, Rl, and elasticity stiffness score, which
offered the highest diagnostic accuracies. Results obtained in our
study support the use of both techniques as noninvasive screening
diagnostic tools in oncologic patients to obtain relevant additional

information that will aid in determining treatment and prognosis.
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