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ABSTRACT

Background: A 10-year-old spayed bitch with hip dysplasia was referred for periarticular ultrasound evaluation. A poorly 
marginated structure of mixed echogenicity, predominantly hypoechoic, with heterogeneous echotexture, was identified in 
the vastus lateralis muscle of the right pelvic limb with increased stiffness, assessed using acoustic radiation force impulse 
(ARFI) elastography, compared to that of the adjacent muscle tissues, and intense vascularization by pulsed Doppler and 
contrast-enhanced ultrasound (CEUS). Guided biopsy was performed to confirm the diagnosis of hemangiosarcoma. The 
objective of this study was to describe B-mode ultrasound, CEUS, and ARFI findings of hemangiosarcoma in the vastus 
lateralis musculature of a bitch.
Case: A 10-year-old spayed bitch Golden Retriever weighing 36 kg was evaluated for pelvic limb lameness. The patient 
presented with bilateral pain during hip extension. The primary diagnostic suspicion was degenerative joint disease and 
secondary hip dysplasia. The patient was referred for imaging evaluation of the hip joints (radiography and ultrasound) 
under anesthesia. Right lateral and ventrodorsal projections with the pelvic limbs extended were obtained to confirm the 
diagnosis. In the right pelvic limb, an amorphous hypoechoic structure with irregular contours and heterogeneous echo-
texture was observed in the vastus lateralis muscle. In ARFI elastography, it was possible to identify differences in tissue 
stiffness between healthy and compromised portions. Pulsed-wave Doppler evaluation demonstrated an arterial waveform 
pattern with a peak systolic velocity of 38.8 cm/s, end-diastolic velocity of 6.9 cm/s, pulsatility index of 1.76, and resistive 
index of 0.82. CEUS study identified a mean peak of 27.26 %, mean time to peak of 39.95 s, and mean transmission time 
of 49.96 s. The popliteal lymph node was hyperechoic and heterogeneous in B-mode. In ARFI elastography, the average 
stiffness was 2.52 m/s, and the CEUS obtained an average peak of 19.98%, average time to peak of 17.52 s, and mean 
transit time of 22.83 s. Doppler assessment revealed no clear vascularization in the lymph node. Thoracic radiography 
in 3 projections and abdominal ultrasonography were performed. Radiographic evidence of pulmonary nodules was not 
observed. On abdominal ultrasound evaluation, it was possible to identify changes in the spleen, which presented with 
splenomegaly, mixed echogenicity, and heterogeneous echotexture. The animal underwent ultrasound-guided muscle 
biopsy, which confirmed the presence of hemangiosarcoma in the muscle. The bitch was referred for splenectomy and 
lymphadenectomy of the right popliteal, which confirmed neoplastic involvement of the same neoplasm.
Discussion: On B-mode ultrasound, the observed changes were similar to those in a report of hemangiosarcoma in the 
muscles of the chest wall in dogs, which contributed to the diagnosis. Although it was only one patient, ARFI elastography 
results suggest that muscle hemangiosarcoma tends to follow the same elastographic characteristics as malignant lesions 
in other tissues. Additionally, the popliteal lymph node had a stiffness suggestive of malignancy (mean 2.52 m/s) because 
it presented a similar result and greater elasticity of metastatic axillary lymph nodes in bitches (>2.5 m/s) and women 
(> 1.44 m/s) with breast tumor. With CEUS, it was possible to identify vascularization in the sentinel lymph node that was 
not visible by pulsed Doppler, and in muscle mass. The findings of this report provided relevant results on muscle heman-
giosarcoma in a bitch and demonstrated that the information obtained with the association of imaging methods supported 
the malignancy criteria described in other studies.
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INTRODUCTION
Hemangiosarcoma (HSA) is a malignant me-

senchymal neoplasm with high metastatic potential that 
affects dogs [3,28]. HSA can affect any tissue, with the 
spleen being the most common primary site [28,29]. 
Although rare, muscle metastases have been reported 
in some patients [3,25], but without a literary descrip-
tion about the use of advanced ultrasound techniques 
such as elastography, contrasted ultrasound (CEUS) 
and Pulsed-wave Doppler, to evaluate this neoplasm 
and its metastases.

ARFI elastography makes it possible to dif-
ferentiate morphostructurally affected tissues from 
normal tissues by changing tissue stiffness in a painless 
and non-invasive way [5]. This technique has been 
explored for various clinical purposes and routinely 
introduced for specific uses, such as evaluation of 
metastatic lymph nodes in humans [27] and charac-
terization of malignancy of skin tumors in dogs [5].

CEUS assists in the assessment of tissue vascu-
larization and perfusion by detecting neoplastic vascu-
lar changes not identified by B-mode ultrasound [17]. 
In medicine, CEUS contributed to the differentiation of 
benign and malignant nodules, demonstrating its con-
tribution to diagnosis and therapy [19]. Furthermore, 
changes in systolic and diastolic values and pulsatility 
index by pulsed Doppler mode have been described 
as quantitative criteria for malignancy in neoplasms 
in dogs [6,10].

The aim of this work is to describe new fin-
dings of B-mode ultrasound, ARFI elastography, pul-
sed Doppler and CEUS in SAH in the vastus lateralis of 
a bitch, as well as the correlation with imaging findings 
with the sentinel lymph node.

CASE

A 10-year-old spayed bitch, Golden Retriever, 
weighing 36 kg, was referred to a Veterinary Medical 
Teaching Hospital - UNESP with lameness of the 
pelvic limbs. In the physical evaluation, the patient 
presented bilateral pain during hip extension. Other 
physiological parameters were within normal para-
meters. Based on the orthopedic evaluation, the main 
diagnostic suspicion was degenerative joint disease 
secondary hip dysplasia. A blood sample was taken for 
a complete blood count, as well as renal and hepatic 
profiles (alkaline phosphatase, alanine transaminase, 
creatinine, urea) and the patient was referred to an 
echocardiographic evaluation. No alterations were 

found in any of these evaluations. The patient was 
referred to imaging evaluation of the hip joints (radio-
graphy and ultrasound) under anesthesia.

For the radiographic examination1, the patient 
was positioned on the right lateral and ventrodorsal 
projections with the pelvic limbs extended. Radiogra-
phic findings were a slight remodeling of the head and 
thickening of the femoral neck, sclerosis of the sub-
chondral bone in the cranial acetabulum confirming hip 
osteoarthrosis. For the evaluation of the periarticular 
structures, the patient was referred to musculoskele-
tal ultrasonography. During the B-mode2 evaluation, 
a linear high-density transducer was used at a c and 
for the elastographic2 and contrast-enhanced2 study, a 
linear transducer of 9.0 M Hz was used.

The hips were shaved acoustic gel was applied 
prior to the sonographic evaluation. Scanning was per-
formed in longitudinal and transversal views, with the 
patient positioned in lateral recumbency. The B-mode 
findings were irregularities in the bone surface of the 
cranial acetabulum and femoral head bilaterally. In the 
right pelvic limb, an amorphous hypoechoic structure 
with irregular contours and heterogenous echotexture 
was found in the vastus lateralis muscle, causing a loss 
in the muscle fibers and perimysium patterns (Figure 
1A). This structure presented 3.97 cm (length) and 
1.71 cm (height) [Figure 1B].

In the ARFI elastography2 (virtual touch tissue 
imaging quantification, 2D-Shear-wave technique), 8 
regions of interest (ROIs) of healthy tissue and 6 ROIs 
of the lesion area were selected where it was possible 
to identify a difference in tissue stiffness between the 
healthy portion (mean 1.65 m/s) and the compromised 
portion (mean 2.45 m/s) [Figure 1C]. Pulsed-wave 
Doppler2 evaluation was then performed and vascu-
larization present demonstrated an arterial waveform 
pattern with peak systolic velocity (PSV) of 38.8 cm/s, 
end-diastolic velocity (EDV) of 6.9 cm/s, pulsatility 
index (PI) of 1.76 and resistive index (RI) of 0.82 
(Figure 1D). For the contrast-enhanced ultrasound2 
(CEUS) study, catheterization of the cephalic was 
performed with a 20G catheter and then the contrast 
medium3 (0.01 mL/kg) was applied intravenously and 
the perfusion process was evaluated in real time with 
the software4 available in the ultrasound equipment for 
180 s in an average area of 1 mm2 (Figure 1E). It was 
possible to identify mean peak of 27.26%, mean time 
to peak 39.95 s, mean transmission time of 49.96 s 
(Figure 1F).
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After the evaluation of the muscle lesion, the 
sentinel lymph node (popliteal) was evaluated in B-mo-
de, elastography ARFI, CEUS and pulsed doppler. In 
B-mode2, the lymph node was hyperechoic and hetero-
geneous (Figure 2A) measuring approximately 0.95 cm 
(length) by 0.83 cm (height) [Figure 2B]. Using ARFI 
Elastography2, in 6 selected ROIs, the average stiffness 
was 2.52 m/s (Figure 2C) and the CEUS2 obtained an 
average peak of 19.98%, average time to peak 17.52 s, 
mean transit time of 22.83 s (Figure 2D). Color-coded 
Doppler2 assessment was performed and no clear vas-
cularization was present in the lymph-node, therefore, 
it was not possible to perform Pulsed-wave Doppler 
evaluation of the lymph node.

Due to the suspicion of muscle neoplasm, 
the patient was referred for tumor staging. Thoracic 
radiographic evaluation was performed in three projec-
tions and abdominal ultrasonography was performed. 
No radiographic evidence of pulmonary nodules was 
present. On the abdominal ultrasound evaluation, it 
was possible to identify changes in the spleen, which 
presented splenomegaly, mixed echogenicity and he-
terogenous echotexture.

Based on the imaging findings, the animal was 
submitted to ultrasound-guided muscle biopsy with a 
local anesthetic of lidocaine with no vasoconstrictor5 
(7 mg/kg), which confirmed by histopathology the 
presence of hemangiosarcoma in the vastus lateralis 
muscle. After 7 days of the procedure, the bitch was 
referred for splenectomy and lymphadenectomy of the 
right popliteum, which confirmed neoplastic involve-
ment by the same neoplasm. Instructions were given 
to the tutor to initiate a chemotherapic protocol, but 
to this date, the tutor has not initiated the indicated 
therapeutic protocol.

DISCUSSION

To the author’s knowledge, no reports were 
found describing findings of elastography ARFI, 
contrast-enhanced ultrasound (CEUS) and Pulsed-
-wave Doppler of muscle hemangiosarcoma in dogs. 
Musculoskeletal ultrasonography has been commonly 
used in equine [8,30] and human medicine [1,20,23] 
and has become increasingly present in small animals 
clinical practice [2,22]. In this report, the ultrasound 
examination and the association of ultrasound techni-
ques brought unprecedented and important information 

Figure 1. Amorphous hypoechoic structure with irregular contours and heterogenous echotexture in the vastus lateralis muscle causing a loss in the 
muscle fibers (A) measuring 3.97 cm [length] and 1.71 cm [height] (B). ARFI elastography demonstrating difference in tissue stiffness between the 
healthy portion [mean 1.65 m/s] and the compromised portion [mean 2.45 m/s] (C). Pulsed-wave Doppler evaluation demonstrating arterial waveform 
with peak systolic velocity (PSV) of 38.8 cm/s, end-diastolic velocity (EDV) of 6.9 cm/s, pulsatility index (PI) of 1.76 and resistance index (RI) of 0.82 
(D). Evaluation of the perfusion process in real time for 180 s in an average area of 1mm2 (E) with mean peak of 27.26%, mean time to peak 39.95 s, 
mean transmission time of 49.96 s (F).
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for decision making and correct diagnosis of muscle 
neoplasia.

In dogs, muscle metastases are mainly diag-
nosed by biopsy [25] and computed tomography [3], 
but information on the sonographic characteristics of 
hemangiosarcoma is scarce. On B-mode ultrasound, the 
observed changes were similar to a report of heman-
giosarcoma described in muscles of the chest wall in 
dogs [9], which contributed to the diagnosis. Increased 
echogenicity of the popliteal lymph node is relevant 
information, as healthy and metastatic lymph nodes in 
dogs are usually hypoechogenic [4,13,26]. The authors 
believe that the diagnostic moment and pathological 
processes involved, such as inflammation, tissue necro-
sis and the type of tumor [11] are factors that affected 
the echographic aspect of the evaluated lymph node.

ARFI Elastography is a noninvasive and 
non-operator-dependent technique that has shown an 
increase in stiffness in malignant lesions in dogs [5,18] 
and humans [7,21]. Although it is only 1 patient, ARFI 

elastography results suggested that muscle hemangio-
sarcoma tends to follow the same elastographic charac-
ter of malignant lesions of other tissues, as there was an 
increase in the shear-wave velocity of the tumor area 
compared to healthy tissue. In addition, the popliteal 
lymph node had a stiffness suggestive of malignancy 
(mean 2.52 m/s) because it presented a similar result 
and greater elasticity of metastatic axillary lymph no-
des in bitches (> 2.5 m/s) [26] and women (> 1.44 m/s) 
[27] with breast tumor, respectively.

On pulsed Doppler, it was possible to verify 
vascularization in the muscle structure with PI, PS and 
ED suggestive of malignancy. The increase in PI (> 
0.93) has been associated with malignancy in cutaneous 
and subcutaneous neoplasms in dogs [5] whereas the 
increase in systolic (> 21.2 m/s) and diastolic (> 4.8 m/s) 
values are quantitative criteria for malignancy in female 
dogs with mammary tumors [10]. The authors corrobo-
rate that the alterations found on Doppler may be corre-
lated with the biology of hemangiosarcoma because it 

Figure 2. Popliteum lymph node hyperechoic and heterogeneous [white arrow] (A) measuring 0.95 cm [length] by 0.83 cm [height] (B). ARFI elas-
tography, in 6 selected ROIs, average stiffness of 2.52 m/s (C) and the CEUS with average peak of 19.98%, average time to peak 17.52 s, mean transit 
time of 22.83 s (D). 
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is a neoplasm of vascular origin [12]. In addition, it is 
possible that this fact may interfere and accelerate the 
process of angiogenesis and formation of arteriovenous 
shunts, generating turbulent flows as already observed 
in human thyroid tumors [14].

Contrast-enhanced ultrasonography has shown 
important results in the diagnosis of breast neoplasms 
and renal alterations in dogs [6,10] allowing the evalua-
tion of tissue perfusion, especially microcirculation 
[16,31]. With this technique, it was possible to identify 
vascularization in the sentinel lymph node, not visible 
by pulsed doppler, and in muscle mass. However, the 
qualitative data obtained did not help in the diagnosis 
of malignancy, since they presented characteristics of 
both aggressive and benign lesions when compared to 
healthy cervical lymph nodes affected by nasopharyn-
geal carcinoma in humans [15] and aggressive and 
benign ovarian lesions in women [24].

The findings of this report brought relevant 
results on muscle hemangiosarcoma in a bitch and 

demonstrated that the information obtained with the 
association of imaging methods supported the ma-
lignancy criteria already described in other studies. 
Thus, although tumor diagnosis and characterization 
are based on histology, alternative imaging tests are 
increasingly necessary to assist in making surgical and 
therapeutic decisions.
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