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Abstract
Objective  To describe the clinical and ultrasonography (US) findings of soft tissue hemangiomas, and to compare with the 
results of histologic diagnosis after US-guided biopsy.
Method and materials  We retrospectively studied the files of 97 patients (48 female, 49 male; mean age, 34 years; range 
4–84 years) with soft tissue hemangiomas diagnosed from 2004 to 2011. Mean follow-up was 9 years (range 7–13 years). 
Clinical presentation included intermittent mild pain associated with a soft tissue swelling/palpable mass in all patients, chronic 
pain and increased local heat in 29 patients, local swelling and decreased range of motion of the adjacent joint in 45 patients, 
and all the above symptoms in 23 patients. B-mode and color Doppler US evaluation included the site, location, size, shape, 
margins, presence of calcifications, echo structure and echogenicity. All patients had US-guided biopsy for histologic analysis.
Results  US-guided biopsy and histology confirmed the diagnosis of soft tissue hemangioma in 92 of the 97 lesions (94.8%). 
Histologic examination of the remaining five lesions showed nodular fasciitis (two lesions), endometriosis (one lesion), 
hemangioendothelioma (two lesions); US of these lesions showed variable size, irregular margins, and deep-seated location. 
Histologically documented soft tissue hemangiomas were most commonly superficial (74 lesions) and arteriovenous (45 
lesions). Shape was most commonly oval (fusiform), margins were most commonly not well defined (irregular, hazing but 
circumscribed), phleboliths were more common in deep-seated lesions, echo structure was heterogeneous, and echogenicity 
was most commonly hyperechogen and involuting.
Conclusion  Clinical presentation and typical B-mode and color Doppler US findings are adequate for the diagnosis of soft 
tissue hemangiomas without the need for biopsy and histologic analysis. If any clinical or US doubt, an US-guided biopsy 
should be performed.
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Introduction

Soft tissue hemangiomas are benign soft tissue tumors 
that closely resemble normal vessels [1]. They account for 
approximately 7% of all benign soft tissue tumors, may arise 
at various anatomic locations, and are much more commonly 
superficial than deep-seated [1–4]. Diagnosis is usually easy 
for typical superficial lesions; however, atypical and deep-
seated hemangiomas cannot be distinguished from malig-
nant soft-tissue tumors without appropriate imaging studies 
[5–8].

The imaging modality of choice for the diagnosis of soft 
tissue hemangiomas is magnetic resonance (MR) imag-
ing. Previous studies described the MR imaging features of 
hemangiomas [9–12], and indicated that hemangiomas may 
be correctly diagnosed and distinguished from malignant 
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soft tissue tumors by their characteristic MR imaging 
appearances without the need for biopsy [8, 13–15]. We 
concur with these reports. However, soft tissue hemangio-
mas most commonly show typical clinical and ultrasonog-
raphy (US) findings that may allow for an accurate and easy 
diagnosis [1–4, 16–24]. If the typical clinical and US signs 
are present, then, the diagnosis of soft tissue hemangiomas 
may be obtained. If any uncertainty, biopsy is required for 
histologic diagnosis. In this scenario, US can be used suc-
cessfully in the same setting to guide biopsy for tissue sam-
pling [21–24].

The purpose of this study is to describe the clinical and 
US findings of soft tissue hemangiomas, and to compare 
with the results of histologic diagnosis. Our hypothesis was 
that US is appropriate as a single diagnostic method for these 
tumors without the need for a biopsy.

Materials and methods

We performed an observational study on 97 patients with 
soft tissue hemangiomas admitted and treated at the authors’ 
institution from 2004 to 2011. The medical files of these 
patients were retrospectively reviewed. There were 48 
female and 49 male patients with a mean age of 34 years 
(range 4–84 years). The mean follow-up was 9 years (range 
7–13 years). No patient was lost to follow-up; all patients or 
their relatives gave written informed consent for their data 
to be included in this study.

Clinical findings at presentation included (1) intermit-
tent mild pain associated with a soft tissue swelling/palpable 
mass in all patients, (2) chronic pain and increased local 
heat in 29 patients, (3) local swelling and decreased range 
of motion of the adjacent joint in 45 patients, and (4) all the 
above symptoms in 23 patients. All patients had B-mode 
and power (color) Doppler US examination of their soft tis-
sue lesions. No patient of these series had an MR imaging 
examination; in all these patients the diagnosis was assumed 
based on typical clinical and US findings, as previously 
described [1–4, 20–27]. US examination was done using a 
Acuson Antares Premium US device (Siemens Ultrasound, 
Mountain View, CA) from 2004 to 2009, and a Hi Vision™ 
Preirus™ device (Hitachi Medical Corporation, Japan) from 
2009 to 2011 with a multifrequency (5–12 MHz) linear 
array transducer. The lesions were studied with a standard 
US protocol using orthogonal scans along the axis of the 
lesion, color and power Doppler. The B-mode US proto-
col evaluated the site and location (superficial, 74 lesions; 
deep-seated, 23 lesions), size, shape, margins, presence of 
calcifications, echo structure (homogenous or heterogene-
ous), and echogenicity (hyper, iso or hypo-echogenicity). 
The vascularity and flow were evaluated in power Doppler 
US (PDUS) with scanning the entire lesion and setting the 

parameters at the lowest Doppler gain to prevent aliasing. 
Parameters included (1) repetition pulse between 0.650 and 
3.650 kHz (average ~ 2 kHz), (2) registration from the area 
of high vascularity, (3) pulsed Doppler measurement of the 
area with color flow signal Doppler shifts, and (4) presence 
of flow. US findings were recorded and evaluated by four 
senior radiologists (ER, DV, UA, and PP) with absolute 
homophony for their diagnosis. Based on the clinical and 
US findings, as reported above, a diagnosis of soft tissue 
hemangioma was made in all patients.

After US examination, all patients had US-guided biopsy 
of their lesions using a 14-gauge, 100–150 mm biopsy nee-
dle (Biopsy Bell, Mirandola, MO, Italy); biopsies in adults 
were done under local anesthesia (2% mepivacaine, 6–8 ml), 
while in children were done under general anesthesia. A 
direct approach to the tumor was used in all cases after con-
sultation with orthopaedic oncology surgeons (AFM and 
CE) so that the biopsy tract was put in line with the incision 
of an anticipated surgical excision of the tumor. Tissue sam-
ples were sent for histologic analysis.

Results

Combined B-mode US and PDUS provided for the 
diagnosis of a soft tissue hemangioma in 92 of the 97 
lesions (94.8%). US-guided biopsy and histology con-
firmed the diagnosis of soft tissue hemangioma in 
these lesions (Fig. 1). The sensitivity and specificity of 
combined B-mode US and PDUS was 100% (95% CI: 
96.07–100.00%) and 50% (95% CI: 18.71–81.29%), 
respectively. Histologic examination of the remaining 
five lesions showed nodular fasciitis (two lesions, forearm) 

Fig. 1   B-mode US shows a deep-seated vascularized solid lesion with 
heterogeneous echo structure, hyperechogenic pattern (presence of 
fat) and scarce calcifications. US findings were suggestive of a soft 
tissue hemangioma that was confirmed with US-guided biopsy and 
histologic examination
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(Fig. 2), endometriosis (one lesion, abdomen) (Fig. 3), 
hemangioendothelioma (one lesion each, thigh and leg) 
(Fig. 4). US of these lesions showed variable size, irregu-
lar margins, and deep-seated location.

Histologically documented soft tissue hemangiomas 
were most commonly superficial (74 lesions) compared 
to deep-seated (18 lesions). The most common type of 
hemangiomas was arteriovenous (45 lesions), followed 
by cavernous intramuscular (37 lesions), and capillary 
(10 lesions) (Table 1). Shape was most commonly oval 
(fusiform), margins were most commonly not well defined 
(irregular, hazing but circumscribed), echo structure was 
heterogeneous, and echogenicity was most commonly 
hyperechogen (presence of fat) and involuting (Table 2). 
No US differences were observed between superficial and 
deep-seated hemangiomas with respect to site, size, shape, 
margins, echo structure and echogenicity; phleboliths 
were more common in deep-seated lesions (11 lesions) 
compared to superficial lesions (2 lesions). US-guided 
biopsy-related complications were not observed in any of 
the patients in this series.

Discussion

The diagnosis of soft tissue hemangioma is based on clinical 
history, physical examination, symptoms, and imaging find-
ings [8–20]. Typical clinical findings include a smooth and 
soft palpable mass, particularly superficial, painless or pain-
ful during activity, slow-growing or constant in time [1–4]. 
Typical US findings include small size (usually less than 
5 cm), subcutaneous location, heterogeneous echotexture 
with multiple regular cystic or tubular spaces and echogenic-
ity depending on the prevalent tissue in the lesion (most 
commonly hyperechogenicity due to presence of fat), hazing 
margins (not completely well-defined), intralesional regular 
vascular formations of different caliber and regularly dis-
tributed, calcifications (phleboliths), good compressibility, 

Fig. 2   a B-mode US shows a deep-seated solid lesion with heteroge-
neous echo structure, mainly hypoechoic with peripheral hyperechoic 
rim. b PDUS shows vascularity of the lesion. US findings were sug-
gestive of a soft tissue hemangioma but US-guided biopsy and histo-
logic examination showed nodular fasciitis

Fig. 3   a B-mode US shows a deep-seated solid lesion with heteroge-
neous echo structure, mainly hypoechoic with well-defined margins. 
b PDUS shows vascularity of the lesion with some vacuum anechoic 
areas. US findings were suggestive of a soft tissue hemangioma but 
US-guided biopsy and histologic examination showed endometriosis
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increased flow signal during compression, tubular and cystic 
structures [4, 20–24]. A high vessel density (> 5/cm2) and 
a high Doppler shift (> 2 kHz) has been associated with a 
sensitivity of 84% and a specificity of 98% for the diagnosis 
of hemangiomas [20]. The above clinical and US findings 
strongly suggest the diagnosis of soft tissue hemangiomas. 
Additionally, US has several advantages for the diagnosis 
of soft tissue hemangiomas; it is a real time, easy, low cost, 
bedside imaging technique. Most important, it is based on 
non-ionizing radiation, therefore, it can be repeated as many 
times as necessary, and can be used to guide biopsy [16–20]. 
Based on the results of the present series, the diagnostic 
accuracy of US for soft tissue hemangiomas is high (94.8%); 
therefore, US diagnosis of soft tissue hemangiomas should 
be considered accurate without the need for biopsy and his-
tologic analysis. If necessary, US-guided biopsy is safe and 
successful for tissue sampling for histologic analysis.

We see two limitations in this study. First, this study 
is retrospective and was based on observational findings. 
Although prospective studies provide powerful results and 
conclusions, retrospective studies are often useful to evalu-
ate a diagnostic and treatment approach. We concur that 

the present study did not evaluate a control group but was 
based on observational (clinical and imaging) findings of 
a single center physicians. In this regard, our results could 
be regarded with caution. However, the observed high diag-
nostic accuracy and the findings based on the experience 
of a large tertiary tumor center as the authors’ own center 
increase the power of our analysis and conclusions. Sec-
ond, the study lacks a formal statistical analysis. We also 
acknowledge this limitation. However, we did not compare 
to a control group of patients with soft tissue tumors to 
evaluate the diagnostic accuracy of US, but we shorted 
our analysis only in patients with the clinical diagnosis of 
soft tissue hemangiomas to evaluate in these patients the 
diagnostic accuracy of US. We believe that in this setting, 
a statistical analysis is not applicable in the present study.

Typical US findings of soft tissue hemangiomas were 
observed in the patients included in this series using combined 
B-mode US and PDUS [16, 25–27]. B-mode US provided for 
evaluation of the site, size, margins and echostructure (liquid 
or mixed) of the lesion, and presence of plebolithes and any 
vascular structures. These features were strongly suggestive 
for a vascular lesion. PDUS provided for imaging of the vas-
cular spaces of the lesion, therefore, confirming the diagnosis 
of a hemangioma. Shape of the lesions was most commonly 
oval/fusiform, mean longitudinal diameter was 5 cm, lesions 
were most commonly superficial, margins were most com-
monly not well-defined, and phleboliths were rare, most com-
monly in deep-seated lesions. Echogenic pattern depends on 
the presence of fat, muscle and fibrous tissue; presence of fat 
shows a hyperechogenic pattern, while presence of muscle 
and fibrous tissues shows a mixed hypo-iso echogenic pat-
tern. Hypoechogenic tubular or cystic/alveolar formations 
with good compressibility and light attenuation are common 
because of intralesional vascular formations [4, 16, 18–20, 
26, 28, 29]. Doppler US shows a flow signal that confirms the 
vascular nature of these lesions; however, a positive Doppler 
is not typical of hemangiomas. B-mode US always shows a 
complex heterogeneous echo structure. Heterogeneity shows 
a prevalent hyperechogenic pattern with a prominent fatty 
component, while when a mixed fatty, muscular and fibrous 
component is present the echo structure is not hyperechogenic 
but mixed (hyper-hypo-iso) echogenic [4, 16, 18–20, 26, 28, 
29]. In the present series, most soft tissue hemangiomas (69%) 
were hyperechogenic with a heterogeneous echo structure sec-
ondary to the presence of fat (most common), muscle, fibrous 
tissue, and tubular or cystic regular or irregular vascular for-
mations. There was always some compressibility and most 
lesions showed increased color flow and a high flow pattern 
with an arterial and venous component flow signal, modified 
during both systole and diastole, in power and color Doppler. 
Doppler shift of > 2 kHz, low resistance and high vessels 
density (> 5 vessels/cm2) were a typical pattern in our series, 
as in the related literature [16, 18–20].

Fig. 4   a B-mode US shows a deep-seated tenuously heterogeneous 
solid lesion with not well-defined margins. b PDUS shows hyper-
vascularity of the lesion. US findings were suggestive of a soft tis-
sue hemangioma but US-guided biopsy and histologic examination 
showed hemangioendothelioma
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Careful imaging is necessary for the evaluation of soft 
tissue hemangiomas [4, 30–32]. US and MR imaging 
should be the initial choice and in follow-up studies. Once 
clinically examined, US assessment of the lesion should 
differentiate slow- and fast-moving circulation. Dop-
pler US differentiates arteriovenous malformations from 
other vascular lesions such as venous-malformations and 
capillary hemangiomas, and evaluates size, volume and 
vascular pattern of the lesion. Additionally, US provides 
guidance for preoperative needle biopsy, perioperative 
guidance for lesion resection by localizing leading margin, 

and guidance for needle placement during minimally inva-
sive treatments such as percutaneous sclerosis [31]. It has 
been reported that US depiction of abundant low-flow 
vascular channels is a predictor for the potential success 
of percutaneous sclerosis [31, 32]. MR imaging provides 
for better demonstration of the extent of lesion, volume 
of the affected area, and surrounding structures [20, 33]. 
Although MR vascular imaging techniques provide infor-
mation regarding the feeder vessels, they lack detailed 
information required for vascular intervention. Computed 
tomography (CT) angiography provides comprehensive 

Table 1   Site, location, size, shape, margins and histology of the soft tissue hemangiomas of the patients included in this series

Variables Hemangiomas Not hemangiomas

Site
 Thorax 3 Lesions –
 Upper limb 34 Lesions 2 Lesions (forearm; nodular fasciitis)
 Trunk 4 Lesions 1 Lesion (endometriosis)
 Pelvis 5 Lesions –
 Lower limb 46 Lesions 2 Lesions (thigh and leg; hemengioendothelioma)

Location
 Superficial 74 Lesions –
 Deep-seated 18 Lesions 5 Lesions

Size
 Longitudinal Mean, 5 cm; range, 2.5-9 cm Mean, 7 cm; range, 5-9 cm
 Transverse Mean, 4.1 cm; range, 1.5-7.5 cm Mean, 4.8 cm; range, 3.5-8 cm

Shape
 Oval (fusiform) 34 Lesions 2 lesions (hemangioendothelioma)
 Round 21 Lesions 3 lesions (nodular fasciitis, endometriosis)
 Lobulated 27 Lesions –

Margins
 Well-defined 21 Lesions (regular and circumscribed) 3 Lesions (nodular fasciitis, endometriosis; regular, circumscribed)
 Not well-defined 71 Lesions (irregular, hazing but circumscribed) 2 Lesions (hemangioendothelioma; poorly defined, not circumscribed)

Histology
 Arteriovenous 45 Lesions 5 Lesions;

Nodular fasciitis (2 lesions), endometriosis (1 lesion), hemangioendo-
thelioma (2 lesions)

 Cavernous 37 Lesions
 Capillary 10 Lesions

Table 2   Shape, margins, echogenicity and histology of the soft tissue hemangiomas of the patients included in this series

Echo structure was heterogeneous in all cases
A arteriovenous, Cv cavernous, Ca capillary, Hyper hyperechogen, Hypo hypoechogen, Iso isoechogen, NH not hemangiomas
a 2 Hemangioendothelioma lesions, not well defined margins (irregular, infiltrating, not circumscribed), mixed (hypo-iso) echogenicity
b 2 Nodular fasciitis and 1 endometriosis lesions, well defined margins, hypo echogenicity

Shape Margins Echogenicity Histology

Well-defined Not well-defined Hyper (fat) involuting Hypo-Iso (muscle/
fibrous) proliferating

A Cv Ca NH

Oval (fusiform) 8 Lesions 26 Lesions 24 Lesions 8 Lesions 18 11 3 2a

Round 7 Lesions 24 Lesions 20 Lesions 9 Lesions 14 15 3 3b

Lobulated 6 Lesions 21 Lesions 19 Lesions 12 Lesions 13 11 4 –
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information on long-standing lesions, lesions in adolescent 
and adult patients, and lesions involving osseous structures 
[31]. Careful imaging is also necessary for the differential 
diagnosis of soft tissue hemangiomas from other benign 
soft tissue lesions and sarcomas. The differential diagnosis 
should include venous malformations, arteriovenous mal-
formations, lymphatic malformations, rapidly involuting 
congenital hemangioma, noninvoluting congenital heman-
gioma, capillary malformation, tufted angioma, Kaposi-
form hemangioendothelioma, and fibrosarcoma [34–39]. 
Doppler US of malformations shows sponge-like anechoic 
vessels with arterial and/or venous wave form, or a poorly 
defined collection of cystic spaces with a high mean 
restrictive index. Kaposiform hemangioendothelioma usu-
ally shows moderate vascular density, while fibrosarcoma 
is largely avascular [34–39]. US is the first line modality 
for most cases. MR imaging may be considered as first 
line modality in superficial lesions with atypical clinical 
presentation, deep lesions difficult to evaluate with clinical 
examination, large lesions, complex combined vascular 
malformations, and to evaluate the deep extent in areas 
difficult to evaluate with US.

Continuous dull pain, large deep-seated lesions, 
increase in size during time, irregular infiltrating margins, 
highly heterogeneous echo structure, and irregular mixed 
tubular and alveolar vascular formations are clinical and 
US findings that should increase the awareness of the treat-
ing physician for another diagnosis than a hemangioma. 
In these patients, a biopsy, preferably US-guided, should 
be performed [21–24]. In the present series, the lesions 
clinically and US misdiagnosed as soft tissue hemangio-
mas appeared like solid formations with a heterogeneous 
echo structure and a mainly hypoechogenic pattern. All 
were deep-seated, with a size of > 5 cm, and an oval or 
round shape. The margins were well defined in the benign 
lesions, and poorly defined in the hemangioendotheliomas. 
Intralesionally, all lesions showed alveolar (endometriosis) 
or tubular (fasciitis, hemangioendotelioma and endome-
triosis) vascular structures of different caliber.

In conclusion, clinical presentation and typical US find-
ings are adequate for the diagnosis of soft tissue hemangi-
omas without the need for a biopsy and histologic analysis. 
US shows the size and site, echo structure and echogenic-
ity, compressibility and calcifications with a sensitivity 
of 94.8%. Therefore, we consider biopsy and histologic 
analysis not necessary for the diagnosis of soft tissue 
hemangiomas. If any clinical or US doubt, a biopsy for 
histologic diagnosis should be performed. In these cases, 
biopsy should be US-guided.
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