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Abstract
The aim of this study is to identify the US features of skin tumors, especially morphological and vascular, in order to 

develop an integrative and differentiating imaging model for benign and malignant skin tumors. Material and method: 
Twenty three patients with solid skin tumors were included in the study. The diagnostic procedures were clinical examina-
tion, dermoscopy, multimodal ultrasonography (US), using high frequency and conventional US, contact elastography, and 
i.v. contrast enhanced ultrasound (CEUS). Results: The US characteristics of the basal cell carcinomas were: hypoechoic, 
inhomogeneous masses, with hyperechoic or anechoic areas, depending on the histological differentiation, increased rigidity, 
uneven vascularization at Doppler examination, central or mixed type circulatory model, with 1-2 supply vessels, velocity >2 
cm/s, intensely inhomogeneous load of the contrast agent ( CA) and quick wash out time. The benign tumors were hypoechoic 
or echoic masses, with inhomogeneous structure, Doppler signal present only in dermofibromas, peripheral circulation model, 
velocities < 2.00 cm/s,  a weak and uneven loading of the CA in the vascular bed,  and a slow wash out time. Analysis of the 
CA dynamics evidenced a significantly higher value for the wash out time in the malignant tumors (38.2s± 15.15) as compared 
to the benign ones (54.2s ± 8.5). Particularly the tumor thickness examination by HFUS evidences an ultrasound index that 
may be considered as a statistically significant predictive factor (p<0.05), highly sensitive (r =0.97) for the non-invasive as-
sessment of the histological Breslow index. Elastography did not represent a differentiation examination in the cases studied. 
Conclusions: Ultrasound allows a complex, multimodal approach of skin tumors, which completes clinical and histological 
examinations, orients the therapeutic management and may assessthe therapeutic efficacy and the tumoral prognosis. 
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Introduction 

Basal cell carcinomas (BCC) are the most frequent 
malignant skin tumors. Considered to be characteristic 
for the age over 40 years, their incidence is growing in 

the younger population, probably due to uncontrolled 
exposure to ultraviolet rays [1]. The early diagnosis and 
minimally invasive therapy that preserves the skin aspect 
and function is a constant preoccupation [2]. The clini-
cal diagnosis based on several criteria (aspect, evolution 
time, location) was initially completed by dermoscopy, 
which evidences the intratumoral vascular network, and 
lately by conventional and high frequency ultrasonog-
raphy (US). US examination provides additional in-
formation that completes the clinical and pathological 
diagnosis. It is easily accepted by the patient being a non-
invasive and inexpensive imaging technique, which pro-
vides useful information for the management, evolution, 
and prognosis of the skin tumors [3]. US examination has 
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gained ground in dermatology due to modern technolo-
gies and targets, beside tumoral pathologies, also chronic 
inflammatory diseases, the efficiency of topic and gen-
eral therapies, including the antiaging therapies etc. [4]. 
The so called “conventional” US techniques provide 
morphological data in sectional formats (bidimensional 
or 2D US) and vascular data (quantitative Doppler US 
– pulse mode, or qualitative – color flow map mode). In 
the last years new US techniques were introduced, such 
as elastography, contrast enhanced ultrasound (CEUS) 
[5], and high-frequency ultrasound (HFUS) [6]. Each 
technique provides particular information, which may be 
integrated into the overall US examination to achieve a 
complex assessment of the nature of the tumors, orient-
ing the management toward an optimal and minimally 
invasive therapy, without risks of local recurrence.

The aim of this study is to identify the US features of 
skin tumors, especially morphological and vascular, in 
order to develop an integrative and differentiating imag-
ing model for benign and malignant skin tumors.

Material and method

This prospective linear study comprised 23 patients, 
15 men and 8 women, aged between 23 and 83 years. All 
the patients presented nodular tumors of the skin, on pho-
to-exposed or photo-protected areas. The patients were 
identified in the Dermatology Clinic outpatient unit and 
submitted to ultrasound examinations at the 3rd Medical 
Clinic between October 2012 – 10 May 2013.

The inclusion criteria were the small to medium sized 
nodular tumors, without marked ulcerations, situated at 
skin level (face, extremities, or back). All the patients 
gave their informed consent for the study, which was ap-
proved by the Ethics Committee of the “Iuliu Hatieganu” 
University of Medicine and Pharmacy.

The patients studies were submitted to the same 
protocol: clinical and dermatoscopic examinations, us-
ing a HEINE 20 device in water drop, high frequency 
and conventional US, performed according to standard 
procedures [7-9], and surgical excision. In all the cases 
the diagnosis was confirmed by histology. Ultrasound 
results were compared with that of histological exami-
nation.

HFUS with a Dermascan 20 MHz device (Cortex 
Technologies Denmark) assessed the depth of the tu-
mor in mm from the epidermal level. The US tumoral 
depth (US index) was compared with Breslow’s index. 
The clinical diagnosis associated with dermoscopy evi-
denced the elements of malignancy (superficial, dilated, 
branched vessels, situated at the center or the periphery 
of tumors) and the benign signs (no visible vessels, or 

few thin vessels in radial display at the tumor periphery 
in the case of dermofibromas)

Conventional US (2D) was performed using the last 
generation device iU22, Phillips, The Netherlands, with 
a soft tissue transducer of 7-13 MHz frequency. For each 
lesion the echogenicity (in relation to normal dermal tis-
sue), the homogeneity, and the tumoral depth were ap-
preciated. Tumoral rigidity was assessed by color touch 
elastography. Conventionally, blue means a rigid tissue, 
red elastic tissue, and green intermediate rigidity.

Macro-circulation at the level of the tumoral bed 
was assessed by color flow map (CFM) Doppler – for 
evidencing vessels, and pulse Doppler – for differentiat-
ing between veins and arteries and for measuring veloc-
ity. The CFM model was labeled organized (branching 
vessels) or disorganized (dislodged, interrupted vessels), 
with a central, peripheral, or mixed distribution, accord-
ing to the location of the vessels in the tumor. The arterial 
or venous nature was assessed based on the flow type 
(continuous or systolic-diastolic). Velocities were meas-
ured by placing the Doppler sample in the vessel center, 
using an adequate correction angle.

CEUS used a standard technique [10] and assessed 
microcirculation in the tumoral bed. The contrast agent 
(CA) (16 ccm SonoVue, Bracco, Italy), prepared on the 
spot, was injected i.v. at the elbow level, followed by 10 
ccm saline. In all the cases dual examination was per-
formed, the US data being displayed simultaneously on 
the screen. The examination was continuous after the in-
jection time and lasted about 2 minutes. The CEUS al-
lowed the assessment of vascular dynamics, based on the 
following parameters: the time to tumor uptake (seconds 
after i.v. injection), time from the injection of the CA un-
til the maximum intensity is reached (time to peak), time 
to wash out (from the peak to the disappearance of the 
CA) and total CA duration (between loading and total 
disappearance). The disposition of the intratumoral ves-
sels and the CA penetration model in the arterial time 
defined a uniform loading model (complete load of the 
vascular bed), or an uneven loading model.

The histological examination was performed using 
hematoxilin eosin staining. The histological diagnosis 
established the type of histological differentiation and 
the in-depth extension (Breslow index), measured from 
the epidermal granulous layer to the deepest tumoral 
point.

A comparative analysis of the data targeted only 
the relevant parameters for the tumoral description. We 
performed a correlation analysis (Pearson’s coefficient), 
a regression analysis (simple linear regression) and a 
graphic representation between the ultrasound and his-
tological findings. The correlation between the vascular 
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times of the CA dynamics was graphical (by observa-
tion) and by calculating averages. The interpretation of 
the vascular times was only graphical, due to the small 
number of cases in the benign tumor group.

Results 

There were 23 tumors evidenced in our study, 18 
malignant and 5 benign (Table I). The ultrasound find-
ings on the tumors are summarized in table II. Thus, the 
malignant tumors were hypoechoic masses, inhomoge-
neous, with abundant, disorganized arterial-type vessels 
disposed at the center and the periphery, circulation ve-
locity > 2cm/sec, intensely inhomogeneous load of the 
CA and quick wash out time than in benign tumors. The 
benign tumors were hypoechoic or echoic masses, with 
an inhomogeneous structure, Doppler signal present only 
in dermofibromas, peripheral circulation model, tributary 
to the visualized supply vessels, velocities < 2.00 cm/sec. 
CEUS evidenced a weak and uneven loading of the CA 
in the vascular bed, the presence of supply vessels in the 
5 benign tumors, and a slow wash-out time (fig 1, fig 2). 
Regarding the tumor thickness, there was a significant 
correlation coefficient of 0.97 between Breslow’s index 
and the HFUS values (fig 3). The regression analysis in-
dicates that the histological index may be assessed using 

Tabel I. Histological diagnosis of the skin tumors

Histological diagnosis
Malignant tumors (n=18)
Solid 4 
Keratotic differentiation 6
Adenoid/cystic differentiation 7
Metatypical 1
Benign tumors (n=5)
Keratoacanthoma 1
Hypertrophic actinic keratosis 2
Dermofibroma 2

 n= number of cases

Tabel II. Comparative findings in malignant and benign skin tumors
Criteria Malignant tumors (n=18) Benign tumors (n=5)
1. Morphometry
Echogenicity Hypoechoic (18/18) Hypoechoic (2/5)

Echoic (3/5)
Echo-structure Inhomogeneous (18 /18) Inhomogeneous (5/5)
Tumoral depth 2D US: 1.5- 6 cm.

Dermascan: 1-6.02 mm.
2D US: 0.8- 1.2 cm.
Dermascan: 1-1.05 mm.

2. Tumoral macro-circulation (Doppler US)
Doppler signal Present 16/18 Absent 3/5 
Evidence of supply vessels 15/18 2/5
Circulatory pattern Disorganized Relatively organized
Vessel distribution Central 12/18

Mixed 6/18
Peripheral 5/5

Velocity  >2cm/sec < 2cm/sec
3. Tumoral microcirculation (CEUS)
CA uptake pattern Inhomogeneous 18/18

Supply vessels 18/18
Weak, inhomogeneous 5/5
Supply vessels 5/5

CA uptake 9-22 seconds 10-20 seconds
Time to the maximum intensity of the CA signal 12-33 seconds 14-26 seconds
Complete wash out (since peak) 25-90 seconds 27-38 seconds
Persistence of signal 60-100 seconds 78-88 seconds
4. Elastography
Rigidity Relevantly rigid 18/18 Relevantly rigid 5/5

 n = number of cases

the US index. Therefore the US index may be consid-
ered a statistically significant predictive factor (p<0.05), 
highly accurate (r=-0.97) in the non-invasive assessment 
of the histological index. Therefore, the mean theoretical 
(expected) value of the histological index will be 2.26 
mm at a US index of 2.7 mm 

Also, a significant differentiation appears to be be-
tween the wash out times of the different types of lesions. 
The analysis of the CA dynamics evidenced a significant-
ly higher value for the wash out time in the malignant 
tumors (38.2s± 15.15) as compared to the benign ones 
(54.2s ± 8.5) (fig.4). In our study color touch elastogra-
phy evidenced rigidity in all the lesions studied.
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Fig 1. Nodular basal cell carcinoma: a) clinical aspect; b) dermoscopic aspect: branched, 
dilated tumoral vessels; c) histology: clusters of basaloid cells with  keratotic and cystic  dif-
ferentiation, infiltrating the dermis; d) HFUS: hypoechoic masses, with hyperechoic echoes 
corresponding to keratotic pearls; e) 2D US: hypoechoic, inhomogeneous structure, blurred 
delimitation, shadow cone, the expression of intratumoral keratin masses; f) Doppler  exami-
nation: the exophytic tumor is evidenced; Doppler image reveals arterial blood flow type, 
with high velocity and turbulences; g) elastography: relevantly rigid mass; h) CEUS dynam-
ics: weak inhomogeneous load of the vascular bed, one supply vessel, peak load (24 sec).

Fig 2. Actinic keratosis: a) clinical aspect; b) dermoscopy aspect: superficial ulceration, 
keratin deposits, no intratumoral vessels visualized; c) histology: keratin deposits, papil-
lomatosis, inflammatory infiltrate; d) 2D US: hypoechoic mass, unclear contour, absent 
Doppler signal, no supply vessel; e) elastography: rigid tumor; f) CEUS dynamics; weak, 
inhomogeneous loading, supply vessel, peak load (26 sec).

Fig 3. Relationship between the histologi-
cal and ultrasound measurements. The en-
suing correlation coefficient was 0.97. 

Fig 4. Dynamics of circulation in the benign 
and malignant skin tumors. Time of uptake 
and wash-out of the benign (A) and malig-
nant (B) tumors. Circles with dotted lines 
represent individual values. Colored circles 
and lines (blue for benign, red for malignant 
tumors) represent average durations. The 
grey squares represent ± SD values around 
the mean ones. Mean ± SD values are also 
indicated below arrows, for clarity.
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Discussions

Though the role of US in the study of skin tumors 
has made the object of many articles, there are sufficient 
additional aspects, which may provide valuable informa-
tion to complete the clinical, dermoscopic and histologi-
cal data [11,12]. US examination is a valuable method of 
investigation of the skin tumors in correlation with the 
clinical and pathological examinations. It is accessible, 
easily accepted by the patient, providing highly sensitive 
information, but reduced in specificity [13]. The various 
US equipments, with frequencies ranging between 7–100 
MHz used in cutaneous investigations were studied and 
revealed the advantages and drawbacks of US in derma-
tology [13,14].

Our results are similar with the results of Wells et al 
[15] that shows a significant correlation between US and 
the histological findings regarding tumor thickness. The 
small differences, due to histological or US overestima-
tion, may be explained by the presence of the peri-lesional 
tumoral infiltrate, the retraction of tissue induced by the 
histological section, and, not least, the examiner’s expe-
rience, US being an operator-dependent method [16-18]. 
Therefore, HFUS may be implemented as a non-invasive 
complementary method of assessment of tumoral depth, 
similar in precision to histology, which is important for 
the therapeutic management.

Our study shows the need for the cumulative use of 
ultrasonographic criteria focused on the morphology and 
the haemodynamics of solid skin tumors. In our cases a 
correlation between the US aspect and histology, which 
is relevant for the sensitivity, was observed. The inho-
mogeneous structures (hyperechoic or anechoic) were 
correlated with rich intratumoral vascularization, fibrous 
stroma, type of histological differentiation (keratotic, ad-
enoid, or cystic). Similar aspects, but without mentioning 
the correlation with the histological differentiation, have 
been reported in literature [19].

The circulatory model provides information that may 
contribute to the consolidation of the clinical diagnosis. 
Thus, the Doppler circulation pattern, central or mixed, 
with higher velocities in the malignant tumors (>2cm/
sec), in comparison with the peripheral pattern with lower 
velocities in the benign tumors (<2 cm/sec) are elements 
that correlate with the clinical and histological findings. 
Similar data were reported in literature [19,20]. As com-
pared to capillary velocities in physiological conditions 
(1 mm/sec), we consider that our findings are relevant for 
tumoral lesions. The lack of evidence of supply vessels 
and the vascular bed in certain cases reveal the limita-
tions of the Doppler examination, which are overcome 
by CEUS [21].

The analysis of the CA upload suggest that the tumor-
al vascular dynamics depends on several factors (vascu-
lar resistance, shunts, histological type, location). We did 
not find reports in literature regarding the CA vascular 
dynamics in BCC. Studies in a larger number of patients 
are necessary to establish a circulation pattern of skin 
tumors. The CA tumor uptake time and the time to the 
maximum intensity of the signal (time to peak) was not 
relevant in our study. According to our results the wash 
out time could represent an important criterion of dif-
ferentiation between skin tumors. An analytical study in 
larger groups would be required to establish the wash-out 
time as an objective criterion in the differentiation of skin 
tumors. CEUS is a frequently used method in the assess-
ment of the tumoral pathology at the level of the internal 
organs, but as we show here, can also be successfully 
used in the field of oncodermatology [22-24]. 

Special attention should be paid to the tumoral ri-
gidity. In our study color touch elastography evidenced 
rigidity in all the lesions studied. According to the litera-
ture elastography has a sensitivity >95% and a specific-
ity of 85% in evidencing and classifying extra-cutaneous 
tumors (breast, prostate) [25]. The role of elastography 
in skin tumors is scarcely debated in literature. Some 
authors have postulated the role of elastography in mel-
anocytic tumors and skin carcinomas, as well as its high 
predictive value in patients with clinically node-negative 
skin cancer. [26,27]. Additional studies are necessary to 
make elastography an important imaging marker for the 
differentiation of skin tumors.

Our study revealed the necessity of using the imaging 
criteria focused on the morphological and hemodynamic 
aspects of skin tumors in a cumulative manner. The com-
plex, multimodal approach, correlated with the clinical 
and histological findings represents a non-invasive excel-
lent method of differentiation of skin tumors. According 
to our findings, the imaging malignancy criteria in BCC 
are: inhomogeneous structure, rigidity, abundant, inho-
meogeneous, arterial vascularization with velocities >2 
cm/sec, vessels located at the center and periphery, in-
tense and irregular load of the contrast agent, quick wash 
out time. 

The limitations of the study are related to the small 
patient number, the group conveniently selected, and the 
operator-dependent investigation, which might be re-
sponsible for the errors occurring in the results. 

In conclusion, we may state that US is a method of 
virtual biopsy. It allows a complex, multimodal approach 
of skin tumors, which completes clinical and histological 
examinations, orients the therapeutic management and 
assesses the therapeutic efficacy and the tumoral prog-
nosis. It represents a modern, non-invasive technique of 
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translational diagnosis from the clinical field to the field 
of fundamental research.
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