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ABSTRACT

Determining lymph node metastasis in tumor patients is important in assessing
the staging and therapeutic plan. Multiple imaging techniques have been used to

evaluate lymph nodes of cancer patient. However, there are overlapping results



between benign and malignant lymph nodes as well as cumbersome techniques.
Therefore, noninvasive, simple, and accurate imaging techniques are required for
pre-surgical assessment of patients with head and neck cancers.

Recently, lymphosonography and ultrasound elastography have been utilized
to evaluate lymph nodes. Lymphosonography aids cytology/biopsy procedures or
lymph node status through visualization of the lymphatic system. Strain elastography
also provides diagnostic information, as metastatic nodes have greater stiffness than
normal lymph nodes. However, the clinical usefulness of sonoelastography and
lymphosonography has not yet been demonstrated in dogs. Therefore, the objectives
of this study were to determine the normal reference ranges of mandibular lymph
nodes on strain elastography for qualitative and semi-quantitative analysis (Chapter
I), and to evaluate lymph nodes after injection of perflubutane microbubbles for
lymphosonography (Chapter II) in clinically healthy dogs, and to evaluate the
clinical applications of both methods on patient with head/neck cancer (Chapter I1I).

In Chapter I, 45 clinically healthy dogs were enrolled. Ultrasonographic
elastographic images were evaluated qualitatively (elastographic pattern) and semi-
quantitatively (mean hue histogram and stiffness area ratios). Elastographic patterns
were classified into grades 1 to 4, according to the percentage of high elasticity by
visualization. The mean hue histogram was defined as the mean pixel color values
within the lymph node. Stiffness area ratios were determined by the stiff area, and
the two criteria were evaluated using a computer program (Image J®). Clinically

healthy mandibular lymph nodes exhibited predominantly red and green colors.
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Upon elastographic pattern evaluation, all lymph nodes were graded 1 or 2 (1.23 +
0.42, mean £ SD). The mean hue histogram values were 80.96 + 8.29. The stiffness
area ratios were 0.03 £ 0.02. The mean hue histogram, stiffness area ratio and
elastographic pattern exhibited no correlation with age and showed moderate to
excellent repeatability and reproducibility.

In Chapter 1I, 11 clinically healthy dogs were enrolled. The
lymphosonographic images were evaluated quantitatively (the visualization of
lymphatic vessels/lymph nodes (LN), contrast transit time and contrast enhancement
intensity using Image J®) and qualitatively (enhancement pattern). On
lymphosonography, the afferent lymphatic vessels (8/11) were hyperechoic linear
structures leading from the injection site. The measured median (range) was 1.2 (0.7-
1.8) mm, and these vessels could be readily traced to their mandibular LN (11/11).
Normal lymphatic vessels were visualized within five mins post-injection, while the
mandibular LN were identified after simultaneous enhancement with lymphatic
vessels that lasted 10 mins post-injection. The median values of contrast
enhancement intensity were 64.53 (range: 24.81-128.43). Capsular or completely
filled enhancement was observed in clinically healthy LNs. Lymphosonography can
be used to detect lymphatic drainage pathways.

In Chapter 111, the above two methods were applied to patients with head/ neck
cancer. Twenty-one lymph nodes (non-metastatic LN; #=8, metastatic LN; n=13) and
eleven dogs (non-metastatic dogs; n=5, metastatic dogs; n=6) were enrolled for strain

elastography and lymphosonography, respectively. On strain elastography, clinically
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healthy (45/45) and non-metastatic(1/8) LN showed a homogeneous green color
(soft), but metastatic LNs (12/13) tended to have a heterogenous blue color (stiffer).
There were significant differences in the qualitative and quantitative strain
elastographic criteria between the metastatic nodes and clinically healthy or non-
metastatic nodes (p<0.05). Receiver operating characteristic curve (ROC) analyses
revealed that cutoff values for the prediction of malignancy were 92.26 for the mean
hue histogram (sensitivity: 100%, specificity: 92%), and 0.17 for stiffness area ratios
(sensitivity: 86%, specificity of 100%). For lymphosonography, clinically healthy
(11/11) and non-metastatic LN (4/5) showed a homogenous enhancement pattern
with centripetal filling, whereas all metastatic LNs (6/6) showed a focal or complete
filling defect. There was a significant difference in the qualitative and quantitative
criteria for lymphosonographic contrast enhancement pattern (p<0.05). In addition,
these two combined evaluations showed the highest AUC of 0.999 (95% CI, 0.999-
1.000) compared to strain elastography or lymphosonography alone. Higher tissue
stiffness and filling defects of metastatic lymph nodes might be associated with
altered tissue composition and structure. For metastatic lymph nodes, the cortex was
damaged and thickened with proliferation as well as cornification of cancer cells.
These alterations may produce keratin/fibrin or destroy the small lymphatic vessels.

In conclusion, qualitative and semi-quantitative evaluations of strain
elastography have the potential to predicting lymph node malignancy, and filling
defects in lymphosonography highly indicates malignancy. However, when using

strain elastography or lymphosonography alone, there were false positive or false
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negative findings. Therefore, the combination of lymphosonography and strain

elastography could be more useful for predicting malignancy of lymph nodes.

Keywords: Canine, head and neck cancer, mandibular lymph node, perflubutane

microbubble, lymphosonography, semiquantitative strain elastography
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GENERAL INTRODUCTION

Accurate staging is a cornerstone of oncologic management, guiding both
prognosis and treatment options for patients. Solid tumors of the head occur
commonly in veterinary oncology and lymph node metastasis is a frequent finding
in oral malignancies (Herring et al., 2002). While rates of lymphatic metastasis vary
depending on tumor type, histologic grade, and location, an increased tumor stage
has been identified as a negative prognostic factor for a range of neoplastic processes
(Culp et al., 2013; Ciekot et al., 1994; Boston et al., 2014; Fulton et al., 2013; Proulx
et al., 2003; Williams et al., 2003). Lymph node size alone has been shown to be a
poor marker of the presence or absence of metastasis in dogs (Williams et al., 2003;
Langenbach et al., 2001; Gieger et al., 2003).

Multiple imaging techniques can also be used to detect abnormal lymph nodes
(Nyman et al., 2005; Nyman et al., 2006; Nyman and O’Brien, 2007; Seiler and
Griffith, 2018; Johnson et al., 2016; Ballegeer et al., 2010; Grimes et al., 2017;
Stahle et al., 2018), However, there is an overlap of results, requirement for general
anesthesia, and use of ionizing radiation in computed tomography between benign
and malignant lymph nodes (Nyman et al., 2006; Nyman and O’Brien, 2007; Seiler
and Griffith, 2018). Therefore, noninvasive and simple imaging techniques are
required for pre-surgical assessment of patients with head and neck cancers.

The wuse of elastography or contrast-enhanced ultrasonography for
differentiating between non-metastatic or metastatic lymph nodes has been reported

recently. Elastography is an imaging modality used to map the elastic properties of



soft tissues (Tan et al., 2010). Malignant tissues tend to be stiffer than normal tissues
as they contain an increased density of tumor cells, vasculature and fibrotic material
(Bhatia et al., 2010; Tan et al., 2010). Given these properties, elastography has been
used to assess various human organs for malignancy (Alam ef al., 2008; Bhatia et
al., 2010; Tan et al., 2010). The successful use of strain elastography for qualitative
analysis of lymph nodes has also been reported in veterinary medicine (Seiler and
Griffith, 2018; Belotta et al., 2019). However, evaluation of mandibular lymph nodes
using semi-quantitative elastography for predicting malignancy has not yet been
reported in veterinary medicine.

Lymphosonography is a new technique for lymph node biopsy and lymphatic
system evaluation that utilizes injection of contrast media to the parenchyma
(Goldberg et al., 2004). The technique has only been used pre-clinically and tested
in proof-of-concept studies mainly involving pigs, dogs, and rabbits to evaluate
mammary gland tumors (Goldberg et al., 2005; Lurie et al., 2006; Curry et al., 2007;
Gelb et al., 2010; Goldberg et al., 2011; Liu et al., 2014; Favril et al., 2019). They
used a non-mononuclear phagocytic system agent (e.g., sulfur hexafluoride
(SonoVue®)) and examined only axillary, inguinal, and popliteal lymph nodes.
Furthermore, lymphosonography combined with strain elastography for lymph node
evaluation was not reported in veterinary medicine.

Therefore, the purpose of this study was to determine normal imaging
characteristics using strain elastography (Chapter I) and lymphosonography

(Chapter II) in clinically healthy dogs and to apply these methods to patients with



head and neck cancer (Chapter III). In chapter I, the determined normal reference
range of the mandibular lymph node was determined using qualitative and semi-
quantitative strain elastography analysis. In chapter II, lymph nodes were evaluated
after injection using a mononuclear phagocytic system-specific agent (perflubutane
microbubbles, Sonazoid®). The hypothesis was that findings in clinically healthy,
non-metastatic and metastatic lymph nodes showed differences upon

lymphosonography and strain elastography.



CHAPTERI
Qualitative and semi-quantitative strain elastography of

mandibular lymph node in clinically healthy dogs

INTRODUCTION

Assessment of regional lymph nodes is important for staging head and neck
cancers, as well as for establishing prognosis (Herring et al., 2002). Although the
rates of lymph node metastasis vary with tumor type, histologic grade, and location,
increased tumor size has been identified as a global negative prognostic factor
(Theon et al., 1997). Manual palpation of lymph nodes has generally been promoted
in veterinary medicine. However, more than 85% of dogs with lymph node
metastasis are not diagnosed (Brissot et al., 2017), since cytological or
histopathological examination is required for accurate metastasis evaluation
(Langenbach et al., 2001).

Multiple imaging techniques can also be used to detect abnormal lymph nodes
(Nyman et al., 2006; Nyman and O’Brien, 2007; Seiler and Griffith, 2018; Johnson
etal.,2016; Ballegeer et al., 2010; Grimes et al., 2017, Stahle et al., 2018). However,
overlapping results between benign and malignant lymph nodes (Nyman ez al., 2006;
Nyman and O’Brien, 2007; Seiler and Griffith, 2018), the requirement for general
anesthesia (Johnson et al., 2016; Ballegeer et al., 2010; Grimes et al., 2017; Stahle

et al., 2018), and the use of ionizing radiation on computed tomography (Ballegeer



et al.,2010; Grimes et al., 2017), are critical limitations. Therefore, noninvasive and
simple imaging techniques are required for the pre-surgical assessment of patients
with head and neck cancers.

Elasticity is a mechanical tissue characteristic preventing tissue displacement
under pressure (Ozturk et al., 2018, Dietrich and Cantisani 2014). It varies depending
on the tissue type (fat, collagen, etc.) and tissue’s pathologic status (inflammation,
neoplasia) (Alam et al., 2008). In sonographic elastography, image representations
of tissue hardness can be obtained using a conventional sonography machine with
special software and a conventional ultrasound probe (Ophir et al., 1991).
Elastography is an imaging modality used to map the elastic properties of soft tissues
by which tissue stiffness is estimated as a physical property, termed the Young’s
modulus (E) (Bhatia et al., 2010). Young’s modulus is a proportionality constant that
relates the applied force per unit area or stress, and the resultant relative change in
tissue dimension, or strain (Ozturk et al., 2018). Ultrasound elastography methods
can be divided into two categories: strain and shear wave based. Strain elastography
measures tissue stiffness by applying external tissue pressure (Ophir ef al., 1991).
Tissue dimensions change due to the applied pressure, with this deformation being
termed as strain. Stiffer lesions deform less and have correspondingly lower strain
and higher Young’s modulus (Ophir et al., 1991). Parameters commonly used in
strain elastography are as follows: strain ratio (Sigrist et al., 2017), elasticity scores
(Shiina et al., 2015; Itoh et al., 2006), fat to lesion strain ratio (Zhou et al., 2014)

and elastography-to B-mode size ratio (Barr et al., 2010). Shear wave elastography



(Sigrist et al., 2017) exploits the fact that shear waves propagate faster in hard versus
soft tissue. Young’s modulus can be algebraically derived from the shear wave speed
(SWS). This can be qualitatively assessed by analyzing a color-scale image, and/or
quantitively assessed by determining the maximum elasticity value (kPa). A color
closer to the red end of the spectrum represents a higher kPa value indicating a stiffer
tissue (Lee et al., 2014).

Ultrasound elastography is used in clinical practice based on the premise that
pathological processes such as cancer modify the physical characteristics of diseased
tissue. Malignant tissues tend to be stiffer than normal tissues as they contain an
increased density of tumor cells, vasculature, and fibrotic material (Tan et al., 2010;
Thomas et al., 2006; Burnside et al., 2007; Regner et al., 2006). Given these
properties, elastography has been used to assess various human organs for
malignancy (Bhatia et al., 2010; Tan et al., 2010; Thomas et al., 2006; Burnside et
al., 2007; Regner et al., 2006; Desmots et al., 2016; Alam et al., 2008). The
successful use of strain elastography for qualitative analysis of lymph nodes has also
been reported in veterinary medicine (Seiler and Griffth, 2018; Belotta et al., 2019).
However, to our knowledge, evaluation of mandibular lymph nodes using semi-
quantitative elastography for predicting malignancy has not yet been reported in
veterinary medicine.

Therefore, the aim of this study was to determine normal reference ranges of
mandibular lymph nodes in cinically healthy dogs upon qualitative and semi-

quantitative analysis on strain elastography, and the diagnostic accuracy and cutoff



values for predicting malignancy of mandibular lymph nodes. The hypothesis was
that the results of strain elastography would differ between non-metastatic and

metastatic lymph nodes.



MATERIALS AND METHODS

1. Animals

Client-owned dogs, presented to the Haemaru Referral Animal Hospital, Seoul,
Korea were included in the study (September 2017-December 2018). The visiting
purpose of these dogs was undergoing regular medical health examination. Owner
consent was obtained and all of owners were participated voluntarily. Dogs were
classified as clinical healthy based on routine physical examination, complete blood
analysis (including complete blood count, biochemical profile and C-reactive protein
level), radiologic examination (thoracic radiography and abdominal ultrasound) and

the absence of any known malignancy and inflammation/infection.



2. Ultrasound procedure
2-1. Grey-scale ultrasonography

Examinations were performed by the first author using a 2-12 MHz linear
probe (Arietta 60, Hitachi-Aloka, Tokyo, Japan) in lateral recumbency. The
procedure was performed while the dogs were awake. Depth, gain, and focus were
altered as needed to obtain optimal image quality. Image of the left mandibular
lymph node were obtained longitudinal plane so that the maximal length, width of
each lymph node could be recorded in centimeters. Length was measured as the
longest dimension; width was the measurement perpendicular to length. If there was
more than one lymph node present in a particular area, all lymph nodes were
measured and recorded. The echogenicity of each lymph node was recorded relative
to the adjacent fat as hypoechoic, hyperechoic or isoechoic, and the margin of each

lymph nodes was recorded as either smooth or irregular.



2-2. Strain elastography

Strain elastography was performed in the same ultrasound unit. After
acquiring a grey-scale ultrasonography image of the left mandibular lymph node in
the longitudinal plane, a region of interest comprising the lymph node and
surrounding tissue was selected. For strain elastography, compression with light
pressure followed by decompression was applied repeatedly until a stable image was
obtained. The direction of compression was upwards and then downwards. Real-time
elastographic and B-mode images simultancously appeared side-by-side on the
screen. Regions-of-interest (ROIs) included the target lymph nodes, but no other
tissues (e.g., bone, blood vessel) that may disturb analysis of the relative stiffness of
the target lymph nodes. At least three elastographic images were obtained and these
measurements were performed by two investigators independently for analysis of
repeatability and reproducibility. In cases in which acquisition of uniform and
regular movements was not feasible, nodes were excluded from the analysis.

All ultrasound elastographic images were displayed using 256-color mapping
of each pixel according to the degree of strain with the color scale going from red
(highest strain, softest) to, green (average strain, intermediate), to blue (no strain,
hardest). All images were sent to a PACS (INFINITT, Infinitt Healthcare Co., Ltd.,

Seoul, South Korea) and were then saved as bit-map files for later analysis.
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3. Image analysis
3-1. Grey scale ultrasonography

B-mode images were evaluated on the basis of size, shape of the lymph node,
presence of the hyperechoic hilum, margin and echogenicity. The height of the lymph
node (in cm) was evaluated to determine size. Length-to-width ratio was used to
determine shape. The lymph node margins were classified as irregular or smooth.
Lymph node echogenicity was classified as hypoechoic or isoechoic as compared to

adjacent fat.
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3-2. Strain elastography
3-2-1. Qualitative analysis
Strain elastographic images were evaluated qualitatively and semi-

quantitatively. If an anechoic structure (suspected cystic or necrotic changes) was
found in the parenchyma, it was not included in the analysis because these are not
indicative of a solid component. In those cases, the remain parenchyma was
evaluated. For qualitative analysis, the elastographic patterns were classified based
on the distribution and percentage of the lymph node area to the hardness area (blue),
subjectively (Figure 1) (Alam et al., 2008).

1. Grade 1 indicated absent or very low stiffness (i.e., blue)

2. Grade 2 indicated a stiff area comprising < 50% of the lymph node

3. Grade 3 indicated a stiff area comprising > 50% of the lymph node

4. Grade 4 indicated a lymph node with predominant stiffness that occupied

the entire lymph node space
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Figure 1. Elastographic pattern used to assess lymph nodes. (A) grade 1, predominantly red and green areas and rarely, blue areas;

(B) grade 2, predominantly red and green areas with blue area comprising < 50%; (C) grade 3, predominantly green and blue areas
with blue areas comprising > 50%; (D) grade 4, predominantly blue area comprising nearly 100% (lymph node outlined with a

dotted line)
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3-2-2. Semi-quantitative analysis

For semi-quantitative analyses were performed for the mean hue histogram
values and stiffness area ratios in the acquired images. The mean hue histogram
(Moon et al., 2010) and stiffness area ratios (Nakajima et al., 2015) were assessed
off-line using Image J® software (National Institutes of Health, Bethesda, MD.,
USA). The mean hue histogram (Figure 2) (Moon et al., 2010) was constructed using
the mean pixel color values within the lymph node via the plug-in for hue histogram
analysis. First, the color-coded images were obtained by subtracting grey scale
images from the original elastographic images to eliminate B-mode information.
Second, ROIs were drawn manually around the entire lymph node in B-mode images.
These ROIs were superimposed onto the color-coded images and the hue histograms
were constructed and after mean values calculated (Preucil, 1953). Values range from
0 to 255 (from red to green to blue), and the increasing stiffness resulted in an
increased mean hue histogram value.

Stiffness area ratios (Figure 3) were determined using the following image
processing steps. First, ROIs were manually selected to include the lymph node.
Second, the stiffer tissue was visualized as a colored pixel determined to be within a
certain threshold level (hue: 145-180, brightness: 0-255) (Nakajima et al., 2015). The
stiff tissue areas were indicated with red pixels, and the percentage of the stiff tissue

area within the ROI was calculated.
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Figure 2. Evaluated mean hue histogram. From original images (A, B), a subtracted (B-A) color-code image (C) with region of

interest around the lymph node was obtained and the mean hue histogram was analyzed as used bottom calculation formula.

V3 (G- B)

tan(mean Hue value) = m
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Figure 3. Calculated stiffness area ratios. From a binary image (A, B), the lymph node area was manually selected as the region

of interest (C) and the stiffer tissue visualized as a red pixel was determined within a certain threshold level (hue: 145-180,

brightness: 0-255).
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4. Statistical Analysis

Statistical analysis was performed using SPSS software (IBM SPSS Statistics
22, IBM Corporation, Armonk, NY, USA). Normal distribution of quantitative
variables was determined using the Kolmogorov-Smirnov test. Normally distributed
data were presented as the mean + standard deviation (SD), and non-normalized
distributed data were presented as the median (range). Normal ranges of
elastographic patterns, mean hue histograms and stiffness area ratios were calculated
using the fifth and 95th percentiles of the observed data (mean + 1.96 x SD).
Pearson correlation was used to determine the association between age and semi-
guantitative strain elastography indices.

The assessment of inter- and intra-observer agreement in the qualitative data
analyses was performed using Kappa statistics and quantitative data were analyzed
using intra-class correlations (ICC). The strength of agreement was classified based
on the following & values: poor (k: < 0.04), moderate (0.41-0.6), good (0.61-0.79),
and excellent (> 0.8) (Viera et al, 2005). A p value of < 0.05 was considered

statistically significant.
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RESULTS

1. Animals

Forty-five dogs were evaluated for enrollment in the study. The details of the
clinically healthy dogs were as follows: median age was three years (range: 1-12
years) and median body weight was 6.26 kg (range: 2.78-10.25 kg). There were eight
females, 11 spayed females, three males and 23 castrated males. The included breeds
were Beagle (n=1), Cavalier King Charles spaniel (#=1), Chihuahua (n=3), Coton de
tulear (n=1), Dachshund (n=3), Maltese (n=9), miniature Schnauzer (n=1), mixed

(n=5), Pomeranian (n=2), Shih-Tzu (n=3), Spitz (n=10) and toy Poodle (#n=6).

2. Gray scale ultrasonography

The mandibular lymph node was successfully identified in all dogs. The gray-
scale ultrasonographic findings are summarized in Table 1. Mean * standard
deviation (SD) of the left mandibular lymph node’s length and width were 0.97 +
0.37 cm and 0.23 + 0.10 cm, respectively. The mean £ SD length-to-width ratio was
0.40 + 0.10. All mandibular lymph nodes showed an oval shape and smooth margin.
The mandibular lymph node was predominantly hypoechoic (95.5%, n=43/45 lymph

nodes) to isoechoic (4.5%, n=2/45 lymph nodes) compared to the adjacent fat.
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Table 1. Gray-scale ultrasonographic characteristics of mandibular lymph node in 45

clinically healthy dogs.

Variables Clinical healthy dogs (n=45)

Measurement (mean + SD)

Length (cm) 0.97 £0.37
Width (cm) 0.23+£0.10
Length to width ratio 0.40+0.10

Characteristics (number of dogs)
Shape Oval (n=45)
Echogenicity Hypoechoic (n=43)
Isoechoic (n=2)

Margin Smooth (n=45)
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3. Strain elastography

Clinically healthy mandibular lymph nodes predominantly exhibited
homogenous red and green coloration. After elastographic pattern evaluation, all
lymph nodes were graded 1 or 2. The cortex and medulla could not be differentiated
by strain elastography. The mean hue histogram value was 80.96 + 8.29 (lower limit:
64.71, upper limit: 97.21). The stiffness area ratio was 0.03 + 0.02 (lower limit: 0.07,
upper limit: 0.01). The elastographic pattern was 1.23 = 0.42 (lower limit: 2.06,
upper limit: 0.40). The mean hue histogram, stiffness area ratio, and elastographic
pattern exhibited no correlation with age (Figure 4, Figure 5 and Table 2). Kappa
values for elastographic patterns had an inter and intra-observer variability of 0.51
(0.49-0.53), and 0.89 (0.88-0.91), respectively, indicating moderate reproducibility
and excellent repeatability. The ICC between observers was 0.86 (0.73-0.92) for the
mean hue histogram and 0.88 (0.78-0.93) for stiffness area ratios, indicating
excellent inter-observer reproducibility. Furthermore, the ICC for each observer was
0.91 (0.83-0.96) for the mean hue histogram and 0.99 (0.98-0.99) for stiffness area

ratios, indicating excellent intra-observer repeatability.
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Figure 4. Scatter plots illustrating showed no significant (all p > 0.05) correlations (r) between age and the three strain

elastographic indices (mean HH (A), SAR (B) and elastographic pattern (C)).
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Table 2. Results of correlation from three strain elastographic indices in 45 clinically healthy dogs.

Variable Age

r R? p value
Mean hue histogram  -0.261 0.068 0.087
Stiffness area ratio 0.199 0.040 0.196
Elastographic pattern -0.251 0.063 0.1
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DISCUSSION

There were no previous qualitative and semi-quantitative analyses for
clinically healthy mandibular lymph nodes. The values showed no correlation with
age and moderate to excellent repeatability and reproducibility. Therefore, semi-
quantitative strain elastography analysis could be applied to patients with head/neck
cancer effectively.

In human medicine, a strain ratio of > 1.5 was most useful for metastatic lymph
node classification using ultrasound elastography (Lyshchik et al., 2007). However,
the experiment did not evaluate strain ratios because only a fixed ROI box could be
used in the device. In addition, the mandibular lymph nodes were often too small, or
exhibited a heterogeneous pattern, which made it difficult to select where to position
the ROI. However, by using Image J for semi-quantitative analysis, it was possible
to utilize freely drawn ROIs that could cover the entire lymph node. In addition, a
previous report showed that the mean hue histogram values were found to be equal
in strain ratio for diagnostic performance (Carlsen et al., 2017), and thus, the
experiment evaluated only the mean hue histograms.

In human medicine, strain elastography has revealed that the cortex of the
lymph node is harder than the hilum and medulla (Carlsen et al., 2017; Chiorean et
al., 2016). Inflammatory lymph nodes have an elastographic appearance similar to
that of a normal lymph node, but with a stiffer cortex and a softer hilum (Wojcinski
et al., 2012). The cortex of malignant lymph nodes are harder than the cortex of

normal lymph nodes and are typically harder than the medulla (Wojcinski et al.,
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2012), because metastatic cancer cells invade the lymph nodes through afferent
lymphatic vessels, with the metastatic focus being initially formed in the peripheral
region, remote from the hilum of the lymph nodes (Langenbach ef al., 2001). In the
present study, however, there were no differences between the cortex and the
medulla in clinically healthy dogs. The reason for this may be that the lymph nodes
were too small to allow differentiation of their anatomic structure. Thus, shear-wave
elastographic examination may be needed to accurately analyze the cortex and
medulla of these lymph nodes.

Strain elastography for measuring tissue deformity and stiffness is performed
after applying external compression. Therefore, the success of this technique is
dependent on the operator. Pre-compression should be minimal, with the transducer
held lightly in contact with the skin and plenty of gel applied (Barr and Zhang, 2012).
Small amplitude movements (heel-toe movement) are all required to induce the
required strain of 0.1-2% in the tissue (Dietrich ef al., 2017). The strain graph was
used as a tool for maintaining stable compression in this study. This graph shows the
average strain of tissues under compression and the operators can check the
appropriate amount of stress being applied in real-time feedback based on the graph.
Displacement that is both too large and too small will lead to a poor strain graph.
However, the strain graph has no absolute criteria for the selection of appropriate
elastographic images. Thus, in order to acquire of the appropriate image,
elastographic images were selected when uniform compression was maintained at

the lymph node based on the appearance of uniform color. Nevertheless, the
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elastographic pattern, mean hue histogram values and stiffness area ratio showed
moderate to excellent interobserver reproducibility and excellent intraobserver
repeatability. The reason for the inclusion of only the mandibular lymph nodes was
that obtaining reproducible elastograms for retropharyngeal lymph nodes difficult,
owing to the presence of large vessels and their deep location. This was different
compared to other studies (Seiler and Griffith, 2017).

One limitation of the present study is that clinically healthy dogs were selected
based on clinical examination (physical examination, blood analysis, and imaging
studies) to avoid invasive procedures, such as FNA or biopsy. Thus, it could not
elucidate the homogeneity of the clinically healthy group.

Despite the limitations of this study, it showed that semi-quantitative and
qualitative strain elastography can provide reliable information regarding the
characteristics of clinically healthy mandibular lymph nodes, which may be helpful

in evaluating patients with head/neck cancer lymph nodes.
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CONCLUSION

Strain elastography is noninvasive, simple, and easy to perform. The study’s
results indicate that semi-quantitative and qualitative strain elastography can provide
reliable information regarding the characteristics of clinically healthy mandibular
lymph nodes. The values showed no correlation with age and exhibited moderate to
excellent repeatability and reproducibility. Therefore, strain elastography is a useful

method for the assessment of mandibular lymph nodes in dogs.
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CHAPTER 11
Feasibility of lymphosonography for evaluating mandibular

lymph nodes in clinically healthy dogs

INTRODUCTION

The sentinel lymph node is defined as the first-draining lymph node and its
evaluation is indicated to detect the presence of locoregional nodal metastasis
(Tuohy et al., 2009; Beer et al., 2018). If the sentinel lymph node is normal, further
draining lymph nodes are assumed to be normal (no metastasis) and neither sampling
nor removal is required (Tuohy et al., 2009; Beer et al., 2018). Several techniques
have been described for sentinel lymph node detection in veterinary medicine
including lymphoscintigraphy, near-infrared fluorescence imaging (NIR) and
methylene blue staining (Tuohy et al., 2009; Beer et al., 2018; Favril et al., 2019),
but they have some limitations. Methylene blue dye not only stains the sentinel
lymph node but also the adjacent fat, which often obscures the lymph node or leads
to a more extensive dissection than necessary (Tuohy et al., 2009; Beer et al., 2018),
and may not provide information on the lymph node status (i.e., reactive or
metastatic). NIR is considered a safe and simple technique, but requires a special
camera for wavelength detection of 700 to 900 nm, with the success of sentinel
lymph node visualization depending on the position of the patient, relative to the

camera and the distance of the camera to the skin (Favril er al., 2019).
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Lymphoscintigraphy has several problems. It requires expensive equipment and
facilities, involves exposure to radioactive material, and cannot clearly visualize the
direct connection between primary sentinel lymph nodes and their afferent lymphatic
vessels (Tuohy et al., 2009; Beer et al., 2018). Computed tomography (CT)
lymphography is a complementary technique that requires general anesthesia
(Grimes et al., 2017; Rossi et al., 2018)

Recently, lymphosonography has been utilized to evaluate lymph nodes.
Lymphosonography is a new technique for sentinel lymph node biopsy and
lymphatic system evaluation that utilizes injection of contrast media to the
parenchyma (Goldberg et al., 2004). The technique has only been used pre-clinically
and tested in proof-of-concept studies mainly involving pigs, dogs, and rabbits
usually for evaluating lymph nodes of mammary gland tumors (Goldberg et al., 2005;
Lurie et al., 2006; Curry et al., 2007; Gelb et al., 2010; Goldberg et al., 2011; Liu et
al.,2014; Favril et al.,2019). However, the clinical usefulness of lymphosonography
has not yet been demonstrated in dogs. Also, only perflutren lipid microsphere
(Definity®) or sulphur hexafluoride microbubbles (Sonovue®) were used with no
previous study using perflubutane microbubbles (Sonazoid®) for evaluating lymph
nodes in dogs.

Therefore, the aims of this study were to determine the clinical efficacy of
lymphosonography for detecting sentinel lymph nodes and to evaluate lymphatic
systems in the craniocervical region using perflubutane microbubbles in clinically

healthy dogs. This research is a continuation of the previous one involving patients
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with head/neck cancer for clinical application. The hypothesis was that
lymphosonography could be used as a sentinel lymph node imaging method which
would show difference in the characteristics of non-metastatic and metastatic lymph

nodes.
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MATERIALS AND METHODS

1. Animals

Client-owned and laboratory dogs were included in the study (September
2017-March 2018). Client-owned dogs, presented to the Haemaru Referral Animal
Hospital, Seoul, Korea for undergoing regular medical health examination. All
owners of these dogs were participated voluntarily. All procedures were performed
according to the Ethical Principle in Animal Research adopted by Seoul National
University. This experiment was approved by Seoul National University Institutional
Animal Care and Use Committee (SNU-170912-24). Dogs were classified as clinical
healthy based on routine physical examination, complete blood analysis (including
complete blood count, biochemical profile and C-reactive protein level), radiologic
examination (thoracic radiography and abdominal ultrasound) and the absence of

any known malignancy and inflammation/infection.

2. Animal preparation and anesthesia

The animals were fasted for approximately 8 hrs for general anesthesia. The
composition of the anesthesia was a combination of medetomidine (0.02 mg/kg;
Domitor, Orion Pharma) and zolazepam/ tiletamine (5 mg/kg; Zoletil 50, Virbac
Laboratories), administered via intramuscular injection. Heart rate and respiratory

rate were monitored. (Perianesthetic period: 0, 5, and 10 min and recovery phase)
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3. Ultrasound procedure

Ultrasonographic examination were performed by the first author using a 2- to
12-MHz linear probe (Arietta 60, Hitachi-aloka, Tokyo, Japan) or a 5-to 12-MHz
linear probe (Alpha 7, Aloka, Tokyo, Japan) with adjustments for imaging
parameters such as system gain and depth of field. The lymph node (mandibular,
medial retropharyngeal) was examined via gray-scale ultrasound and then by
lymphosonography was performed.

When performing lymphosonography, a single focal zone was placed at the
deepest part of the lesion and the mechanical index was set to minimize microbubble
destruction, and gain settings were such that small vessel flow produced a barely
detectable color response on pre-contrast images. The mechanical index and B-mode
gain were set at 0.22 and 65 dB, respectively. Before the procedure, the contrast
agent was reconstituted according to the manufacturer’s guidelines. Immediately
before injection, the solution was rehomogenized by gently tilting the vial. In clinical
healthy dogs, the entire 1 ml of the perflubutane microbubble (Sonazoid®, GE
Healthcare, Oslo, Norway) was injected at the buccal membrane using a 23-gauge
needle. The same person injected all dogs. Any adverse effects associated with
contrast media injection were recorded. Once contrast agent was identified at the
injection site, the site was gently massaged for up to 1 minute in an attempt to
accelerate the movement of the contrast agent into the lymphatic vessel that drained
into the mandibular lymph node (Macdonald et al., 2008). A video clip was acquired

for the first 2 min (13 frames/s); thereafter, images were captured intermittently at 3,
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5, 7, and 10 min after injection. If no contrast enhancement was seen, stopped
scanning after 10 minutes. Color Doppler examination was used after
lymphosonography to confirm the presence of microbubbles and distinguish them
from other echogenic structures. This examination might cause the microbubble to
rupture, resulting in a characteristic mosaic pattern, which has been referred to as the
acoustic emission effect (Blomley et al., 1999).

All images were recorded as a video clip or as images and sent to a PACS

(INFINITT, Infinitt Healthcare Co., Ltd., Seoul, South Korea) for off-line analysis.
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4. Image analysis
4-1. Quantitative analysis

For quantitative analysis, lymphatic vessels/ mandibular lymph nodes were
measured, as well as lymphatic vessel size, contrast agent transit time, and contrast
enhancement intensity. Lymph node visualization was defined as positive for
microbubble uptake based on a mosaic pattern in the color Doppler examination
(Blomley et al., 1999). Lymphatic vessels were determined by the short-axis
diameter. The contrast transit time was defined as the time taken to initially the
lymphatic vessels and mandibular lymph nodes. Contrast enhancement intensity was
evaluated using Image J software (Image J®, National Institute of Mental Health,
Wayne, USA). Pixel count was measured using the same sized region of interest
(ROIJ) in the mandibular lymph node on pre- and post-contrast images. Values varied
from 0 (black) to 255 (white), with a higher value indicating that full contrast
enhancement. Measurements of mean, maximum, and standard deviation were

obtained for contrast enhancement values.

4-2. Qualitative analysis

The qualitative criteria of contrast enhancement patterns (Figure 5) of lymph
nodes were classified into normal or filling defects. Normal was sub-classified into
completely filled or capsular enhancement, while filling defect were subclassified

into partial or complete filling defects (Server et al, 2012).
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Figure 5. Contrast enhancement pattern of lymph node. Upper panel showed pre-contrast and lower panel showed post-contrast

enhancement image. The contrast enhancement pattern was classified as completely filled (A), capsular enhancement (B), partial

filling defect (C) or complete filling defect (D).
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5. Statistical analysis

Statistical analysis was performed using SPSS software (IBM SPSS Statistics
22, IBM Corporation, Armonk, NY, USA). Contrast enhancement pattern was
evaluated using kappa statistics to assess inter-observer agreement. The strength of
agreement was classified based on the following k values: poor (k: <0.04), moderate
(0.41-0.6), good (0.61-0.79), and excellent (> 0.8) (Viera et al, 2005). A p value of <

0.05 was considered statistically significant.
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RESULTS

1. Animals

Eleven clinically healthy dogs were evaluated for enrollment in the study. The
characteristics of the clinically healthy group were as follows: median age three
years (range: 6 months-12 years); one female, one spayed female, five males and
four castrated males; breeds included Beagle (n=5), Dachshund (#=2), Miniature
Schnauzer (n=1), mixed (#=1), Pomeranian (n=1) and toy poodle (»=1) and median

body weight was 5 kg (range: 3.18-7.84).

2. Monitoring of anesthesia

Peri-anesthetic heart rates (median, range) were 80 for 0 min (80-150), 70 for
5 min (60-100) and 50 for 10 min (50-70), respectively. Peri-anesthetic respiratory
rate (median, range) were 5 for 0 min (4-12), 4 for 5 min (3-4) and 4 for 10 min (3-
8), respectively. Recovery (median, range) heart rate was 100 (100-120) and

respiratory rate was 8 (5-12).
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3. Lymphosonography

All dogs were anesthetized successfully and were able to recover satisfactorily.
Before contrast agent administration, mandibular and medial retropharyngeal lymph
nodes could be identified by grey-scale ultrasonography as an oval, hypoechoic
structure. The full contrast was successfully injected in all cases, and no adverse
events were noted. After lymphosonography, only the ipsilateral injection site of the
mandibular lymph node was identified.

Because the contrast agent traveled very superficially in the afferent lymphatic
vessels, a non-compression scan technique was necessary. Additionally, if the
enhanced lymph node was first found, scanning was performed to detect its
corresponding lymphatic vessels by tracing back from the node.

The lymphosonographic findings are summarized in Table 3.
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Table 3. Lymphosonographic findings in clinically healthy mandibular lymph nodes

Variables Clinically healthy (n=11)
Quantitative analysis  Vjsualization 2 Lymphatic vessels 8
Lymph node 11
Lymphatic vessels diameter (mm) b 1.2 (0.7-1.8)
Contrast transit time (min) Lymphatic vessel 5(5-7)
Lymph node 5(1-7)
Lymph node enhancement mean intensity ° 64.53 (24.81-128.43)
Qualitative analysis Lymph node enhancement pattern 2 Completely filled 6
Capsular filling 5
Focal filling defect 0
Full filling defect 0

2 Data area expressed as number of dogs. ® Data are expressed as median (range).
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4. Image analysis
4-1. Quantitative analysis

After mucosal administration of perflubutane microbubbles, enhanced
lymphatic vessels (#=8/11) and mandibular lymph nodes (n=11/11) detected. On
lymphosonography, the afferent lymphatic vessels were demonstrated as
hyperechoic linear structures leading from the injection site. The measured median
(range) was 1.2 (0.7-1.8) mm with these vessels readily traced to their mandibular
lymph nodes (Figure 6). In addition, the movement of contrast material in the
lymphatic vessels was observed in real-time. However, visualization of the efferent
lymphatic vessels or the second-echelon lymph was not possible in any dog.

The normal lymphatic vessels were visualized within five min post-injection
and the mandibular lymph nodes were identified after simultaneous enhancement
with lymphatic vessels that lasted 10 min post-injection. The mean intensity contrast

enhancement value was 64.53 (median, range: 24.81-128.43)
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4-2. Qualitative analysis

Two enhancement patterns were observed in the mandibular lymph nodes of
clinically healthy dogs. In capsular enhancement (n=5/11, Figure 7A), the enhanced
capsular area extended gradually, but the lymph node parenchyma did not show
enhancement. Capsular filling was only identified in dogs aged under 1-year-old
(n=4/5). In completely filled enhancement (#=6/11, Figure 7B), the lymph node
capsule was first enhanced and became hyperechoic, while the parenchyma was
subsequently enhanced centripetally and homogenously.

Color Doppler imaging is a useful method to differentiate the contrast-
enhanced lymph node from other hyperechoic tissues (eg., fibrous tissue). After
injection of perflubutane microbubbles, typical acoustic emission mosaic color
pattern was observed within the mandibular lymph nodes (Figure 8).

The kappa statistics of contrast enhancement pattern was 0.814, indicating

excellent inter-observer agreement
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Figure 6. Morphology of lymphatic vessels and lymph node (LN) after lymphosonography in clinically healthy mandibular LN.
After contrast media injection in oral buccal mucosa, a hyperechoic lymphatic vessel (arrows) was identified and traced into

enhanced LN (arrows head).
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Figure 7. Different types of contrast enhancement pattern of clinically healthy lymph node. The enhancement of the entire capsule

giving a capsular enhancement appearance (A) or homogeneous centripetally enhancement with completely filled (B).
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Figure 8. Confirmation of contrast within lymph node (LN) with color Doppler imaging of the acoustic emission (AE)
phenomenon. (A) After mucosal injection of perflubutane microbubbles, echogenic structure (arrow) were identified and thought
to represent contrast-enhanced LN. (B) When color Doppler imaging was used to evaluate these structures, the AE effect (arrow)

was shown confirming that they contained contrast microbubble.
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DISCUSSION

Parenchymal injection of perflubutane microbubbles is known to be method
for sentinel lymph node localization. However, this experiment showed that
lymphosonography was not an adequate sentinel lymph node imaging method for
the craniocervical region because of restricted visualization of some lymph nodes
(e.g. buccal, parotid and superficial cervical lymph nodes) due to the adjacent bone
structure. Furthermore, this study did not conduct a control technique (e.g.,
methylene blue dye) thus limiting it to the use of the sentinel lymph node finding
method. In the experiment, only one dog had multiple mandibular lymph nodes
identified prior to contrast agent administration but among them, one lymph node
showed contrast enhancement. Thus it was possible to conclusively determined the
sentinel lymph node. However, further research is needed.

Instead of finding sentinel lymph nodes, this experiment clearly shows that
lymphosonography could be used to detect lymphatic drainage pathways. The one-
milliliter contrast agent dose allowed good visualization leading up to and filling the
lymph node. In the lymph node, lymphatic fluid drains from the afferent lymphatic
vessel into the subcapsular sinus, which is connected to the medullary sinus through
a complex trabecular sinus network and exist through the efferent vessels (Ikomi ef
al., 2012). In this study, when the perflubutane microbubbles arrive via the afferent
lymphatics to the lymph nodes, the subcapsular sinus enhancement was appreciated.
This ranged from capsular filling to complete filling. Capsular filling enhancement

was observed only in young dogs (under 1-year-old) possibly due to their
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physiological status (i.e., extramedullary hematopoiesis), but additional histological
confirmation is needed.

The time after contrast agent injection to its visualization (contrast transit time)
in the mandibular lymph node varied in clinically healthy dogs. The median time
after injection of contrast agent to visualization within the lymphatic vessels and
mandibular lymph node was 5 min for both. which was similar to the results of
previous reports using inhalation anesthesia (Nielsen ez al. 2008). It has been showed
that different anesthetic methods do not affect lymphatic system visualization.
Furthermore, when metastases start in the lymph node, tumor cells arrive by afferent
lymphatic ducts in the subcapsular sinus and peripheral neoangiogenesis begins.
Tumoral infiltration then progresses to the medullary sinus and the perinodal fat and
changed lymphatic flow (Sinem and Michael, 2014). Because the contrast transit
time reflected lymphatic flow of clinically healthy lymph nodes and
lymphosonographic findings of clinically healthy dogs were compared with those of
cancer patients, it was possible to provide predictive information regarding
metastasis.

A previous study using non-intravenous administration of sonographic
contrast agents for lymphatic visualization had been performed (Favril et al., 2019).
However, the study did not use a mononuclear phagocyte specific (previously,
reticulo-endothelial system, RES) uptake agent. Compared with sulfur hexafluoride
microbubbles (Sonovue®, non RES-specific agent), perflubutane microbubbles

(Sonazoid®, RES-specific agent) can fill the lymph node better because the agent
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remains intact after being phagocytosed by normal lymph node macrophages (Gold
berg et al., 2004; Gold berg et al., 2005; Gold berg et al., 2011; Matsuzawa et al.,
2015). Furthermore, perflubutane microbubbles (Sonazoid®) have other advantages
for determining hepatic parenchymal metastasis (Kanemoto et al., 2009; Nakamura
et al., 2010). Therefore, this contrast agent was selected for the present study.

In previous reports (Goldberg et al., 2005), intravenous administration of
perflubutane microbubbles (Sonazoid®), did not result in prolonged lymph node
enhancement, indicating a lack of lymph nodes uptake. This is likely related to the
fact that macrophages line the lymphatic vessels within the lymph node and not the
intranodal blood vessels. Therefore, for detecting lymph nodes, another injection
route such as lymphosonography is recommended. In addition, scanning electron
microscopy confirmed that perflubutane microbubbles are removed by normal
macrophages in the first-draining lymph node (Goldberg et al., 2011). For
visualization of second-echelon lymph nodes, injection of contrast media into the
first- draining lymph nodes is recommended (Liu et al., 2014).

One limitation of the present study is that clinically healthy dogs were selected
based on clinical examination (physical examination, blood analysis and imaging
studies) to avoid invasive procedures, such as FNA or biopsy. In addition, no control
technique was performed (e.g. methylene blue dye or lymphoscintigraphy) and for
the evaluation of the lymph nodes using the sentinel lymph node imaging method.

In conclusion, although lymphosonography showed limited use finding

sentinel lymph nodes in the craniocervical region, this method was able to clearly
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show lymphatic drainage pathways (lymphatic vessels and lymph nodes). Additional
research is necessary to determine the clinical application of this new method for

cancer patients.
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CONCLUSION

Lymphosonography using perflubutane microbubbles is easily performed and
can directly visualize the lymphatic vessels/mandibular lymph nodes. Contrast
enhancement within lymph nodes/ lymphatic vessels was identified approximately
five min post-injection. Two enhancement patterns were observed in the lymph
nodes of clinically healthy dogs. In complete filling, the lymph node capsule was
first enhanced and became hyperechoic, while the parenchyma was subsequently
enhanced centripetally and homogenously. In capsular enhancement, the enhanced
capsular area extended gradually, but the lymph node parenchyma did not show
enhancement. This pattern was identified only in young dogs (under 1-year-old).
Based on these results, lymphosonography could be used to evaluate lymph nodes

for comparison with cancer patients.
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CHAPTER 111
Evaluating mandibular lymph node malignancy in normal and
head/neck cancer dogs using contrast-enhanced ultrasound

sonography combined with strain elastography

INTRODUCTION

Determining lymph node metastases in dogs with neoplasia is important in
staging and developing a therapeutic plan (Herring et al., 2002). Several studies have
attempted to diagnose metastatic lymph nodes, but the results are often controversial
(Nyman et al., 2006; Nyman and O’Brien, 2007; Seiler and Griffith, 2018; Belotta
etal. 2019).

Recently, lymphosonography and ultrasound elastography have been utilized
to evaluate lymph nodes. Lymphosonography is a new technique for sentinel lymph
node visualization and lymphatic system evaluation that utilizes parenchymal
injection of contrast media (Goldberg et al., 2004). This technique supplements
cytology/biopsy procedures through visualization of the lymphatic system (Goldberg
et al., 2004; Lurie et al., 2006; Favril et al., 2019) or is used as one of method for
detecting sentinel lymph nodes. Elastography is an imaging modality used to map
the elastic properties of soft tissues (Bhatia ef al., 2010). Malignant tissues tend to
be stiffer than normal tissues as they contain an increased density of tumor cells,

vasculature, and fibrotic material (Tan ef al., 2010; Thomas et al., 2006; Burnside et
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al., 2007; Regner et al., 2006). Given these properties, elastography has been used
to assess various human organs for malignancy (Tan et al., 2010; Thomas et al., 2006;
Burnside ef al., 2007; Regner et al., 2006; Desmots et al., 2016; Alam et al., 2008).
The successful use of strain elastography for qualitative analysis of lymph nodes has
also been reported in veterinary medicine (Seiler and Griffith, 2018; Belotta et al.,
2019). However, the use of lymphosonography and/or strain elastography for
evaluating head/neck cancer in dogs has not yet been explored.

Therefore, the present study aimed to evaluate the diagnostic performance and
determine cutoff values for predicting mandibular lymph node malignancy using
qualitative ~ and  semi-quantitative  strain  elastography.  Furthermore,
lymphosonography, evaluated the mandibular lymph nodes and compared clinically
healthy dogs to patients with head and neck cancer. The hypothesis was that
clinically healthy, non-metastatic and metastatic lymph nodes would show different
findings upon lymphosonography and strain elastography, which could improve the

diagnostic accuracy for predicting lymph node metastasis.
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MATERIALS AND METHODS

1. Animals
1-1. Clinically healthy group

For strain elastography, forty-five dogs were evaluated for enrollment in the
study. The details of the clinically healthy group was as follows: median age of 3
years (range: 1-12 years); eight females, 11 spayed females, three males and 23
castrated males; and the included breeds were Beagle (n=1), Maltese (#=9), toy
Poodle (n=6), mixed (n=5), Chihuahua (n= 3), Dachshund (»=3), Shih-Tzu (n=3),
Pomeranian (n=2), Cavalier King Charles spaniel (n=1), Coton de tulear (n=1),
miniature Schnauzer (n=1) and Spitz (#=10). For lymphosonography, eleven
clinically healthy dogs were evaluated for enrollment in the study. The clinically
healthy group was as follows: median age 3 years (range: 6 months-12 years); one
female, one spayed female, five males and four castrated males; breeds included
Pomeranian (n=1), Dachshund (n=2), toy poodle (r=1), Miniature Schnauzer (n=1),

Beagle (n=5), and mixed (n=1).
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1-2. Patients those with head/neck cancer group

Client-owned dogs, presented to the Haemaru Referral Animal Hospital, Seoul,
Korea were included in the study (September 2017-December 2018). The visiting
purpose of these dogs was evaluating head/neck cancer. All of owners of these dogs
were participated voluntarily. All procedures were performed according to the
Ethical Principle in Animal Research adopted by Seoul National University. This
experiment was approved by Seoul National University Institutional Animal Care
and Use Committee (SNU-170912-24). The dogs that got owners’ agreement at
additional period were enrolled. The included dogs whose owners agreed to allow
cytological or histopathological confirmation of mandibular lymph nodes and
primary head and/or neck cancer. Lymph nodes with non-diagnostic cytology results
(low cellularity or unclear diagnosis) were excluded. Cytological results from normal
lymph nodes showed small lymphocytes (75-95%); reactive nodes showed
intermediate/ large lymphocytes (15-25%); and metastatic nodes showed cells in the
primary tumor site (Cowell et al., 2003).

For strain elastography, twelve dogs were evaluated for enrollment in the study.
One patient was excluded because of non-diagnostic cytology results. The details of
the patient group was as follows: median age of 13 years (range: 2-14 years); three
females, five spayed females, one male, and two castrated males; and the included
breeds were Maltese (n=5), English Cocker spaniel (n=2), Borzoi (r=1), miniature
Schnauzer (n=1), Scottish terrier (n=1), and Pomeranian (»=1). Among the patients,

21 ipsilateral mandibular lymph nodes were evaluated. According to cytology (n=19)
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or histopathology (#n=2), lymph nodes were categorized as metastatic (n=13) or non-
metastatic (n=8) status. The primary cancer sites included the following: the oral
cavity (squamous cell carcinoma, n=2; inflammation, n=1; melanoma, n=2; epulis,
n=1; giant cell granuloma, n=1), the nasal cavity and retrobulbar region
(adenocarcinoma, n=1), tonsils (squamous cell carcinoma, n=1) and the cervical
region (melanoma, n=1; lipoma, n=1). For lymphosonography, eleven dogs were
evaluated for enrollment in the study. The details of the patient group was as follows:
median age of 12 years (range: 13-14 years); three females, six spayed females, one
male, and one castrated males; and the included breeds were Maltese (n=6), English
Cocker spaniel (n=2), Borzoi (n=1), miniature Schnauzer (n=1) and Scottish terrier
(n=1). According to cytology (n=9) or histopathology (»=2), lymph nodes were
categorized as metastatic (n=6) or non-metastatic (#=5) status. The primary cancer
sites included the following: the oral cavity (squamous cell carcinoma, n=2;
inflammation, n=1; melanoma, n=3; epulis, n=1; giant cell granuloma, n=1), the
nasal cavity and retrobulbar region (adenocarcinoma, n=1) and the cervical region

(melanoma, n=1; lipoma, n=1).
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2. Ultrasound procedure

B-mode ultrasonography (Arietta V60 or Aloka Prosound Alpha 7), strain
elastography (Arietta V60), and lymphosonography (Arietta V60 or Aloka Prosound
Alpha 7) were performed. The same device was used for all examination in each dog.
The ipsilateral injection site for lymphosonography of mandibular lymph was
imaged in the clinically healthy and patient groups. The lymph nodes were examined
via grey-scale ultrasound first, and then by strain elastography and/or
lymphosonography. During lymphosonography, the dogs were induced anesthesia
using a combination drug of medetomidine (0.02 mg/kg; Domitor, Orion Pharma)
and zolazepam/ tiletamine (5 mg/kg; Zoletil 50, Virbac Laboratories), administered
via intramuscular injection. All images were sent to a PACS (INFINITT, Infinitt
Healthcare Co., Ltd., Seoul, South Korea) and were then saved as bit-map files for

later analysis.
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2-1. Strain elastography

Strain elastography was performed using a 2-12 MHz linear transducer
(Arietta 60, Hitachi-aloka, Tokyo, Japan). After acquiring a grey-scale
ultrasonography image of the mandibular lymph node in the longitudinal plane, a
region of interest comprising the lymph node and surrounding tissue was selected.
For strain elastography, compression with light pressure followed by decompression
was applied repeatedly until a stable image was obtained. The direction of
compression was upwards and then downwards. Real-time elastographic and B-
mode images simultaneously appeared side-by-side on the screen. Regions-of-
interest (ROIs) included the target lymph nodes, but no other tissues (e.g., bone,
blood vessel) that may disturb analysis of the relative stiffness of the target lymph
nodes. At least three elastographic images were obtained and these measurements
were performed by two investigators independently for analysis of reproducibility.
In cases in which acquisition of uniform and regular movements was not feasible,
nodes were excluded from the analysis.

All ultrasound elastographic images were displayed using 256-color mapping
of each pixel according to the degree of strain with the color scale going from red
(highest strain, softest) to, green (average strain, intermediate), to blue (no strain,

hardest).
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2-2. Lymphosonography

Ultrasonographic examination were performed by the first author using a 2- to
12-MHz linear probe (Arietta 60, Hitachi-aloka, Tokyo, Japan) or a 5-to 12-MHz
linear probe (Alpha 7, Aloka, Tokyo, Japan) with adjustments for imaging
parameters such as system gain and depth of field.

When performing lymphosonography, a single focal zone was placed at the
deepest part of the lesion and the mechanical index was minimize microbubble
destruction, and gain settings were such that small vessel flow produced a barely
detectable color response on pre-contrast images. The mechanical index and B-mode
gain were set at 0.22 and 65 dB, respectively. Before the procedure, the contrast
agent was reconstituted according to the manufacturer’s guidelines. Immediately
before injection, the solution was rehomogenized by gently tilting the vial. One
milliliter of perflubutane microbubble (Sonazoid®, GE Healthcare, Oslo, Norway)
was injected in the buccal mucosa in clinically healthy dogs or the peritumoral site
in dogs with head and neck tumors (Goldberg ef al., 2011) using a 23-gauge needle.
The same person injected all dogs. Any adverse effects associated with contrast
media injection were recorded. Once contrast agent was identified at the injection
site, the site was gently massaged for up to 1 minute in an attempt to accelerate the
movement of the contrast agent into the lymphatic vessel that drained into the
mandibular lymph node (Macdonald et al., 2008). A video clip was acquired for the
first 2 min (13 frames/s); thereafter, images were captured intermittently at 3, 5, 7,

and 10 min after injection. If no contrast enhancement was seen, we stopped
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scanning after 10 minutes. Color Doppler examination was used after
lymphosonography to confirm the presence of microbubbles and distinguish them
from other echogenic structures. This examination might cause the microbubble to
rupture, resulting in a characteristic mosaic pattern, which has been referred to as the

acoustic emission effect (Blomley et al., 1999).
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3. Image analysis
3-1. Grey scale ultrasonography

B-mode images were evaluated on the basis of size, shape of the lymph node,
presence of the hyperechoic hilum, margin and echogenicity. The height of the lymph
node (in cm) was evaluated to determine size. Length-to-height ratio was used to
determine shape. The lymph node margins were classified as irregular or smooth.
Lymph node echogenicity was classified as hypoechoic or isoechoic as compared to

adjacent fat.
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3-2. Strain elastography
3-2-1. Qualitative analysis

The strain elastography was performed three times for each lymph node and
the values were averaged for analysis. If the patient had enlargement of multiple
lymph nodes, all lymph nodes were analyzed, and the average calculated.

Strain elastographic images were evaluated qualitatively and semi-
quantitatively. If an anechoic structure (suspected cystic or necrotic changes) was
found in the parenchyma, it was not included in the analysis because these are not
indicative of a solid component. In those cases, the remain parenchyma was
evaluated. For qualitative analysis, the elastographic patterns were classified based
on the distribution and percentage of the lymph node area to the hardness area (blue),

subjectively (Figure 9) (Alam et al., 2008).

1. Grade 1 indicated absent or very low stiffness (i.e., blue)

2. Grade 2 indicated a stiff area comprising < 50% of the lymph node

3. Grade 3 indicated a stiff area comprising > 50% of the lymph node

4. Grade 4 indicated a lymph node with predominant stiffness that occupied

the entire lymph node space
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Figure 9. Elastographic pattern used to assess lymph nodes. (A) grade 1,
predominantly red and green areas and rarely, blue areas; (B) grade 2, predominantly
red and green areas with blue area comprising < 50%; (C) grade 3, predominantly
green and blue areas with blue areas comprising > 50%; (D) grade 4, predominantly

blue area comprising nearly 100% (lymph node outlined with a dotted line)
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3-2-2. Semi-quantitative analysis

For semi-quantitative analyses were performed for the mean hue histogram
values and stiffness area ratios in the acquired images. The mean hue histogram
(Moon et al., 2010) and stiffness area ratios (Nakajima et al., 2015) were assessed
off-line using Image J software (National Institutes of Health, Bethesda, MD., USA).
The mean hue histogram (Figure 10) (Moon et al., 2010) was constructed using the
mean pixel color values within the lymph node via the plug-in for hue histogram
analysis. First, the color-coded images were obtained by subtracting grey scale
images from the original elastographic images to eliminate B-mode information.
Second, ROIs were drawn manually around the entire lymph node in B-mode images.
These ROIs were superimposed onto the color-coded images and the hue histograms
were constructed and after mean values calculated (Preucil, 1953). Values range from
0 to 255 (from red to green to blue), and the increasing stiffness resulted in an
increased mean hue histogram value.

Stiffness area ratios (Figure 11) were determined using the following image
processing steps. First, ROIs were manually selected to include the lymph node.
Second, the stiffer tissue was visualized as a colored pixel determined to be within a
certain threshold level (hue: 145-180, brightness: 0-255) (Nakajima et al., 2015).
The stiff tissue areas were indicated with red pixels, and the percentage of the stiff

tissue area within the ROI was calculated.
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Figure 10. Evaluated mean hue histogram. From original images (A, B), a subtracted (B-A) color-code image (C) with region of

interest around the lymph node was obtained and the mean hue histogram was analyzed as used bottom calculation formula.

V3 (G- B)

tan(mean Hue value) = m
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Figure 11. Calculated stiffness area ratios. From a binary image (A, B), the lymph node area was manually selected as the region

of interest (C) and the stiffer tissue visualized as a red pixel was determined within a certain threshold level (hue: 145-180,

brightness: 0-255).
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3-3. Lymphosonography
3-3-1. Quantitative analysis

For quantitative analysis, confirmed the lymphatic vessels/ mandibular lymph
nodes and measured lymphatic vessel size, contrast agent transit time and contrast
enhancement intensity. The lymph nodes visualization was defined as positive for
microbubble uptake based on a mosaic pattern in the color Doppler examination
(Blomley et al., 1999). The lymphatic vessel sized determined by the short-axis
diameter. The contrast transit time defined as first time to visualization of lymphatic
vessels and mandibular lymph node. Contrast enhancement intensity was evaluated
using Image J software (Image J®, National institute of mental health, Wayne, USA).
The pixel count was measured using a same sized region of interest (ROI) in the
mandibular lymph node on pre and post contrast images. The values varied from 0
(black) to 255 (white) and higher value meant that fully contrast enhancement.
Measurements of mean, maximum, and standard deviation were obtained for

contrast enhancement values.

3-3-2. Qualitative analysis
The qualitative criteria of contrast enhancement pattern (Figure 5) were
classified as normal or filling defect. Normal was sub-classified as completely filled

or capsular enhancement and filling defect was subclassified as partial or complete

filling defect (Server et al, 2012).
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3-4. Strain elastography combined with lymphosonography

The combined score (Alam ef al.2008) for the mandibular lymph nodes was
the sum of the elastographic patterns of strain elastography and contrast
enhancement patterns of lymphosonography. Strain elastographic patterns were
determined for four criteria: grade 1, 2, 3 and 4 were assigned scores of 2, 4, 6 and
8, respectively. Contrast enhancement patterns on lymphosonography were
determined for four criteria: complete filling (score of 2), capsular filling (score of
4), partial filling defect (score of 6) and complete filling defect (score of 8). A
statistically supported cutoff line between metastatic and non-metastatic/ clinically

healthy lymph nodes was a score of 9.
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4. Statistical analysis

After grey-scale ultrasonography, strain elastography and lymphosonography,
the results were classified into three groups (clinically healthy, non-metastatic and
metastatic lymph nodes) and statistical analyses were performed using SPSS
software (IBM SPSS Statistics 22, IBM Corporation, Armonk, NY, USA). Normal
distribution of variables was determined using the Kolmogorov-Smirnov test.
Normally distributed data were presented as mean =+ standard deviation (SD). Non-
normally distributed data were presented as medians (range). Quantitative variables
for each analysis was compared across groups using a one-way analysis of variance
(ANOVA), while qualitative variables for each analysis was compared using the
Kruskal-Wallis test. Bonferroni corrected Mann-Whitney tests were performed for
post hoc multiple comparisons when significant differences were identified after
ANOVA or Kruskal-Wallis test. A p value of < 0.05 was considered statistically

significant
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4-1. Grey-scale ultrasonography
Quantitative variables, including size and width-to-depth ratio; and qualitative
variables, including presence of hyperechoic hilum/ margin and parenchymal

echogenicity were compared across groups using statistical analysis.

4-2. Strain elastography

Quantitative variables, including mean hue histogram/ stiffness area ratios and
qualitative variables, including elastographic patterns were compared across groups
using statistical analysis.

To evaluate the diagnostic performance of the variables that were significantly
different between non-metastatic and metastatic lymph nodes, optimal cutoff values
were determined using receiver operating characteristic (ROC) curves. All values
were determined using the Youden index. Areas under the curve (AUCs) were
calculated with 95% confidence intervals (Cls) to quantify the ability of each

variable to detect malignancy.

4-3. Lymphosonography
Quantitative variables including lymphatic vessel diameter/ contrast media
transit time/ lymph node enhancement intensity and qualitative variables including

contrast enhancement pattern were compared across groups using statistical analysis.
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4-4. Strain elastography combined with lymphosonography
The combined scores were compared across groups using statistical analysis.
To evaluate the diagnostic performance of the variables (e.g., sensitivity and
specificity) receiver operating characteristic (ROC) curves were used in the
multivariate analysis to determine the different test efficacies. Areas under the curve
(AUCs) were calculated with 95% confidence intervals (Cls) to quantify the ability

of each variable to predict malignancy.
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RESULTS

1. Gray scale ultrasonography

Sonographic findings of lymph node are summarized in Table 4. On grey-
scale ultrasonography, there were significant difference (p < 0.05) in width-to-depth
ratio of > 0.5 for metastatic lymph nodes compared to clinically healthy and non-
metastatic lymph node. Otherwise, no statistically significant difference was
detected for depth, parenchymal echogenicity, irregular margin, and hyperechoic
hilum definition. However, increased lymph node depth and absence of hyperechoic

hilum were more frequent in metastatic nodes.
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Table 4. B-mode characteristics of the conventional ultrasonography evaluated criteria for the different groups of lymph nodes.

Clinically healthy (n=45) Non-metastatic (n=8) Metastatic (n=13)

Depth (mean + SD cm) 0.37+ 0.11 0.85+ 0.65 095 £+ 051

<05 39 5 4
Width-to-depth ratio .

>0.5 6 0 3

Present 2 2 1
Hyperechoic hilum

Absent 18 3 6

Normal 45 4 1
Echogenicity

Abnormal 0 1 6

Smooth 45 5 5
Margin

I 0 0 2

rregular

SD, Standard deviation

* indicated significant difference (p < 0.05) between clinically healthy and non-metastatic lymph node.
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2. Strain elastography

Elastographic findings are summarized in Table 5. Elastographic patterns,
mean hue histogram values and stiffness area ratio were significantly different in
metastatic lymph nodes compared to non-metastatic and clinically healthy lymph
nodes (p <0.01, Figure 11). Clinically healthy and non-metastatic lymph nodes with
either grade 1 or 2, reflecting relatively soft elasticity. Metastatic lymph nodes were
mostly grade 3 or 4, reflecting relatively stiff elasticity, except for one lymph node.

The diagnostic performance of B-mode and elastography variables are
summarized in Table 6. ROC analyses revealed that the best cut-off values for the
prediction of metastatic lymph nodes were 92.26 for the mean hue histogram (p <
0.01), with a sensitivity of 100% and specificity of 92%, 0.17 for stiffness area ratios
(» < 0.01), with a sensitivity of 86% and specificity of 100%, and grade 2 for
elastographic pattern (p < 0.01), with a sensitivity of 86% and specificity of 100%.
Among the variables, the mean hue histogram values showed the highest AUC, 0.982

(95% CI, 0.878-1.000) (Figure 12).
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Table 5. Qualitative and semi-quantitative analysis of clinical healthy, non-metastatic, and metastatic lymph nodes on strain

elastography.

Clinically healthy (n=45) Non metastatic (n=8) Metastasis (n=13)
Elastographic pattern 1.56 £ 0.50 1.50 +£0.53 3.31+0.85"
Mean hue histogram 81.48 +7.86 86.99 +4.73 101.35+8.80™
Stiffness area ratio 0.03 +£0.02 0.05 +0.06 0.41+0.20™

All data represented as the mean + standard deviation (SD)

" indicated significant difference (p < 0.01) between clinically healthy and non-metastatic lymph node.
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Figure 12. Box plot for elastographic pattern, mean hue histogram (mean HH) and stiffness area ratios (SAR) in different groups
of lymph nodes (LN). Statistically significant in the elastographic pattern, hue histogram values and stiffness area ratio (""p < 0.01)

in metastatic LN compared to clinically healthy and non-metastatic LN.
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Table 6. Diagnostic performance of B-mode and strain elastography in the predicting malignancy in mandibular lymph nodes.

AUC 95% CI p value Cut-off Sensitivity (%) Specificity (%)  Youden Index
Mean hue histogram 0.982 0.878-1.000  <0.01 >92.26 100 91.89 0.92
Elastographic pattern 0.902 0.763-0.974  <0.01 >2 85.71 100 0.86
Stiffness area ratio 0.879 0.735-0.961  <0.01 >0.17 85.71 100 0.86
Width-to-depth ratio 0.661 0.492-0.804  0.1591 >0.48 57.14 77.50 0.35

AUC, Area under the curve
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Figure 13. Receiver-operating characteristic curves assessing the diagnostic efficacy of grey scale ultrasonography and strain
elastography for predicting mandibular lymph node malignancy. Area under the curve for mean hue histogram (0.982) is higher

than those for elastographic pattern (0.902), stiffness area ratio (0.879) and width-to-depth ratio (0.661).
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3. Lymphosonography

The sonographic features of the normal and patient groups are summarized in
Table 7. After administering the perflubutane microbubbles by peritumoral injection,
the dogs with head and neck cancer demonstrated simultaneous enhancement in the
lymphatic vessels (#=3/11) and node (#=7/11) within 1 min and lasted 5 min post-
injection and no efferent lymphatic vessels were not visualized in any patient. Four
of the 5 non-metastatic nodes showed homogeneous enhancement patterns with
centripetal filling in the mandibular lymph node (Figure 13), whereas the metastatic
nodes showed focal (3/6, Figure 14B) or complete (3/6, Figure 14D) filling defects.
The enhancement pattern and contrast enhancement intensity were significantly
different between metastatic nodes and clinically healthy or non-metastatic nodes

(p<0.05).
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Table 7. Lymphosonographic findings in clinically healthy, non-metastatic and metastatic mandibular lymph nodes.

Variables Clinically  healthy Non-metastatic Metastatic
(n=11) (n=5) (n=6)
Quantitative  Visualization 2 Lymphatic vessels 8 3 0
analysis Lymph node 11 4 3
Lymphatic vessels diameter (mm) ® 1.2(0.7-1.8) 1.2 (1-1.4) 1(1)
Contrast transit time (min) ° Lymphatic vessel 5 (5-7) 1(1) 1(1)
Lymph node 5(1-7) 1(2) 1(2)
Lymph node enhancement mean 64.53 83.44 837"
intensity ° (24.81-128.43) (72.57-139.70) (2.53-49.38)
Qualitative Lymph node enhancement pattern 2 Completely filled 6 4 0
analysis Capsular filling 5 0 0
Focal filling defect 0 0 3"
Full filling defect 0 1 3"

2 Data area expressed as number of dogs. ® Data are expressed as median (range).

* indicated significant difference (p < 0.05) between clinically healthy and non-metastatic lymph node.
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Figure 14. Image characteristics of non-metastatic lymph node contrast enhancement. On lymphosonography (A: pre-contrast, B:
post-contrast), ipsilateral mandibular lymph node showing homogeneous enhancement (arrows). Primary cancer diagnosed as

giant cell granuloma by histopathological examination, and cytology of the mandibular lymph node appearing normal.
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Figure 15. Image characteristics of a metastatic lymph node. On lymphosonography (A, C: pre-contrast, B, D: post-contrast), an
ipsilateral mandibular lymph node showing a focal (B, arrows) or complete filling defect (D, arrows). Primary cancer diagnosed
as melanoma (A, B) and adenocarcinoma (B, D) by histopathological examination and cytology of the mandibular lymph node

showing metastasis.

79



4. Strain elastography combined with lymphosonography

One non-metastatic lymph node showed a full-filling defect on
lymphosonography, but it showed a grade 1 elastographic pattern. In addition, one
metastatic lymph node showed a grade 2 elastographic pattern, but it showed a full-
filling defect on lymphosonography.

ROC analyses revealed that the best cutoff values for the prediction of
metastatic lymph nodes were a score of 5 for the strain elastographic pattern (p <
0.01), with a sensitivity of 83.3% and specificity of 100%, a score of 5 for the
lymphosonograhic contrast enhancement pattern (p< 0.01), with a sensitivity of 100%
and specificity of 93.8%, and a score of 9 for combined evaluation (p< 0.01), with a
sensitivity of 100% and specificity of 95%. Among the variables, combined

evaluation showed the highest AUC of 0.999 (95% CI, 0.999-1.000).
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DISCUSSION

Gray-scale ultrasonography is frequently used to assess lymph nodes in
patients with cancer (Nyman HT and O’Brien RT 2007). Although the use of
diagnostic criteria such as lymph node size, shape, parenchymal echogenicity,
margination, and vascular pattern have been reported (Nyman et al., 2005; Nyman
et al., 2006; De Swarte M et al., 2011) the utility and specificity of these criteria for
identifying metastatic lymph nodes remains unclear.

In the present study were evaluated the criteria of gray scale ultrasonography,
strain elastography and lymphosonography. Although significant differences were
observed in length-to-width ratios, most gray-scale ultrasonographic features,
including width, parenchymal echogenicity, irregular margin, and hyperechoic hilum
definition, were not significantly different. However, strain elastography and
lymphosonography were significantly different between metastatic nodes and
clinically healthy or non-metastatic nodes.

Strain elastography for predicting malignancy showed that most clinically
healthy and non-metastatic lymph nodes had similar color patterns. In contrast,
majority of metastatic lymph nodes were partially or substantially blue on
elastograms which was probably related to their relative stiffness compared to the
elasticity of the surrounding muscles and other anatomic structures. The reason why
metastatic lymph nodes have a tendency to show higher tissue stiffness is associated
with their altered tissue composition and structure. For metastatic lymph nodes, the

cortex was damaged and thickened, and there was proliferation and cornification of
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cancer cells. These alterations may produce keratin or fibrin in early stages before
any morphological changes occur (Pereira et al., 2015).

Elastographic patterns have been previously reported as superficial lymph
node diagnostic criteria in veterinary medicine, which offered 80-100% sensitivity
and 75-96% specificity (Belotta et al., 2019). However, no previous study has used
semiquantitative strain elastography for predicting malignancy of mandibular lymph
nodes. This previous experiment (chapter I) also found that elastographic patterns
had high AUC values. However, this was relatively dependent on the examiner
(k=0.53). Nevertheless, semiquantitative criteria, such as the mean hue histogram
and stiffness area ratios, showed high repeatability and reproducibility, with the
cutoff values for predicting malignancy being an elastographic pattern of >2, a mean
hue histogram of > 92.26 and a stiffness area ratios of > 0.17.

The contrast enhancement pattern of lymphosonography makes prediction of
lymph node status possible. Four of the five non-metastatic nodes showed
completely filled enhancement similar to the clinically healthy group, whereas the
metastatic nodes showed focal or complete filling defects. Many studies have
reported that filling defects are significantly associated with tumor infiltration
(Goldberg et al., 2004; Lurie et al., 2006; Curry et al., 2007). Tumor cells invade
afferent lymphatic vessels and initially implant in the local cortical lymphoid sinus.
With continued proliferation, tumor cells accumulate in the lymph nodes and
obstruct or destroy the small lymphatic vessels, forming areas that do not enhance.

Thus, the lymph node presents with heterogeneous enhancement. Moreover, contrast
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transit time tended to be shorter in dogs with head and neck cancer. Lymph flow from
tumors has been reported to be increased compared to that in normal tissue (Swartz
and Lund, 2012). Increased lymph drainage has also been positively correlated with
metastasis. (Pathak et al., 2006). Thus, lymphatic drainage from the tumor along
with tumor recruitment of surrounding lymphatic vessels are likely to have important
roles in modulating the immune response, with these manifesting as shorter contrast
transit times.

Upon lymphonosography, capsular enhancement, which can be mistaken for a
filling defect and thus misinterpreted as a metastatic lymph node, was observed in
dogs of less one year old (n=4/5). This was likely due to their physiological status
(i.e., extramedullary hematopoiesis), but additional histological confirmation is
needed.

Analysis of the area under the ROC curve showed that the diagnostic power
of the combined evaluation was higher than that of each individual evaluation. This
suggests that examination can be best performed when lymphosonography, with its
high sensitivity, and strain elastography, with its high specificity, are combined. One
patient showed a normal strain elastography pattern (grade 1) but a complete filling
defect on lymphosonography (combined score=10). We did not perform
histopathologic examination, but the cause was suspected to be early stage metastasis.
The combined method also reduced false-negative for diagnosing malignancy.
However, one of the non-metastatic lymph nodes showed false-positive results for

diagnosing malignancy using the combined method (combined score=12). Strain
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elastography showed a normal elastographic pattern, but a complete filling defect on
lymphosonography. This might be due to mechanical obstruction (Grimes et al.,
2017) as indicated by the lymph node’s marked enlargement. Thus careful
interpretation is necessary when severe lymphadenopathy is present since marked
lymph node enlargement also occurs in metastatic lymph nodes.

The limitations of the present study include its inclusion of a small number of
patients within each cytological diagnosis group for analyzing diagnostic
performance. Given these findings, a large case-control study that incorporates a
histologic conformation approach and includes variety of tumor types is required.
Furthermore, clinically healthy dogs were selected based on clinical examination
(physical examination, blood analysis and imaging studies) in order to avoid the use
of invasive procedures, such as FNA or biopsy. Thus, it could not elucidate the
homogeneity of the clinically healthy group.

In conclusion, semi-quantitative and qualitative strain elastography with high
sensitivity may be helpful for pre-surgical prediction of mandibular lymph node
malignancy in patients with head and neck cancer. Variables, such as the mean hue
histogram and stiffness area ratio, which offer the highest diagnostic accuracy, can
be used as aids to determine the need for further examinations such as FNA or biopsy.
Furthermore, mandibular lymph nodes which showed filling defects after
lymphosonography with high-grade strain elastographic patterns suggest metastasis
in dogs with head and neck cancer. Thus this combination of lymphosonography and

strain elastography is useful in predicting malignancy of lymph nodes.
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CONCLUSION

The purpose of the present study was to predict mandibular lymph node
malignancy using qualitative, semi-quantitative strain elastography and
lymphosonography. Semi-quantitative and qualitative strain elastography with its
high sensitivity and specificity, may be helpful for pre-surgical prediction of
mandibular lymph node malignancy in patients with head and neck cancer. The
cutoff values for predicting malignancy were an elastographic pattern >2, a mean
hue histogram > 92.26 and stiffness area ratios > 0.17. Furthermore, the mandibular
lymph nodes that showed a filling defect after lymphosonography highly suspected
malignancy. However, when using strain elastography or lymphosonography alone,
there were existed false positive or false negative findings. Therefore, this
combination of lymphosonography and strain elastography is useful for predicting

malignancy of lymph nodes.
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GENERAL CONCLUSION

Strain elastography and lymphosonography are methods for evaluating
mandibular lymph nodes that are non-invasive, simple, and easy to perform.

In clinically healthy dogs, mandibular lymph nodes exhibited predominantly
red and green coloration on strain elastography. The semi-quantitative and
qualitative variables, such as mean hue histogram, stiffness area ratio, and
elastographic pattern exhibited no correlation with age and showed moderate to
excellent repeatability/reproducibility.  Lymphosonography  showed direct
visualization of the lymphatic vessels/mandibular lymph nodes. In normal
mandibular lymph nodes, the afferent lymphatic vessels were visualized as
hyperechoic linear structures leading from the injection site. Two enhancement
patterns (capsular filling or completely filled) were observed.

In patients with head/neck cancer dogs, the non-metastatic lymph node
showed a homogeneous green color (soft), the metastatic lymph node tended to be a
heterogenous blue color (stiffer) on strain elastography. There was a significant
difference (p<0.01) in the qualitative and quantitative criteria on strain elastographic
criteria for the metastatic nodes compared to clinically healthy or non-metastatic
nodes. For lymphosonography, clinically healthy and non-metastatic lymph nodes
showed homogenous enhancement pattern with centripetal filling, whereas
metastatic lymph nodes showed focal or complete filling defect. There was a
significant difference (p<0.05) in contrast enhancement pattern in the metastatic

nodes compared to clinical healthy or non-metastatic nodes.
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Higher tissue stiffness (blue coloration) on strain elastography and filling
defects on lymphosonography might be associated with altered tissue composition
and structure of metastatic lymph nodes. The cortex was damaged and thickened
with proliferation as well as cornification of cancer cells. These alterations may
produce keratin/fibrin or destroy the small lymphatic vessels. Also, analysis of the
area under the ROC curve showed that the diagnostic power of the combined
evaluation was higher than that of each individual evaluation. This suggests that
examination can be best performed when lymphosonography, with its high
sensitivity, and strain elastography, with its high specificity, are combined.

In conclusion, filling defects after lymphosonography and high-grade strain
elastographic patterns, may be helpful for pre-surgical malignancy prediction in
patients with head and neck cancer dogs. However, when using strain elastography
or lymphosonography alone, there were existed false positive or false negative
findings so that the combination of lymphosonography and strain elastography is

recommended for predicting malignancy of lymph nodes.
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