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Introduction

Chronic venous disease (CVD) is a common pathol-
ogy characterized by valvular incompetence and venous 
hypertension. The obstruction of the lower extremity ve-
nous system results in a great spectrum of clinical symp-
toms. A standardized classification system (CEAP) is 
used for homogenous, reproducible reporting. The CEAP 
system was introduced in 1996 and revised in 2004 and 
2020. It addresses the clinical manifestations (C), etiol-
ogy (E), anatomy (A), and the underlying pathophysiol-
ogy (P) of CVD [1]. 

The term chronic venous disease has been defined 
as “(any) morphological and functional abnormalities 

of the venous system of long duration manifested ei-
ther by symptoms and/or signs indicating the need for 
investigation and/or care” [2]. The same publication 
states that the term “chronic venous insufficiency” (CVI) 
should only be used for advanced CVD, which is applied  
to the functional abnormalities of the venous system cor-
responding with stages C3 to C6 of the CEAP classifica- 
tion.

A recent systematic review found that this pathology 
represents a global issue, with important heterogeneity in 
prevalence: C2 disease was highest in Europe (21%) and 
lowest in Africa (5.5%) [3].

Ultrasonography (US) is currently the gold-standard 
imaging modality for the assessment of CVD. By provid-
ing a “venous mapping” it is also a useful tool for the 
guidance of percutaneous treatment of CVD and postpro-
cedural follow-up [4,5]. Duplex US provides anatomic 
and hemodynamic diagnostic information concerning 
venous course, patency, wall alterations, and flow. By us-
ing straining methods such as the Valsalva maneuver, the 
sonographer can assess the presence and record the dura-
tion of the venous reflux.

Abstract
Aim: Chronic venous disease is a common pathology characterized by valvular incompetence and venous hypertension. 

The venous network of the lymph nodes at the Scarpa triangle connects the superficial and the deep venous systems. This 
study aimed to describe infrainguinal intranodal venous dilatations and to evaluate the connection with peripheral venous 
disease. Material and methods: The study included 183 subjects (116 women, 67 men) who underwent Doppler ultrasound 
examinations of the venous system of the inferior limb in the context of chronic venous disease. The diagnosis of lymph node 
varices was based on well-defined criteria and the severity of the lymph node varices was established using an original clas-
sification. Results: There was a statistically significant, moderately strong association, between the presence of intranodal 
varices and the great saphenous vein reflux (φ=0.341, p=0.000). There was a moderate-to-high positive correlation between 
intranodal varices and the chronic venous disease stage (rrb=0.457, p=0.000). Conclusions: Patients with more advanced 
stages of chronic venous insufficiency have a higher probability of presenting intranodal varices. Lymph node venous network 
identification could considerably impact clinical decision-making and treatment choices.
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The venous network in the lymph nodes at the Scarpa 
triangle connects the superficial and the deep venous sys-
tems in normal subjects [6]. The lymph node venous net-
work (LNVN) has small, filiform veins, with a transgan-
glionar, subaponevrotic course, usually connecting the 
great saphenous vein (GSV) to the anterior accessory sa-
phenous vein (AASV). Few studies [6-10] characterized 
the morphology of the LNVN. In patients with CVD, the 
LNVN may dilate and become a cause of primary CVD 
or more frequently, of variceal recurrence [6]. A more 
detailed morphological and hemodynamic assessment of 
the LNVN could lead to a better understanding of a dif-
ferent, new pathway of the varicose veins formation or 
recurrence.

The aims of this study were to provide an US anatom-
ical description of intranodal varix, to present an original 
classification of its severity and to evaluate the correla-
tion between peripheral venous disease and infrainguinal 
intranodal venous dilatation.

Materials and methods

A retrospective, monocentric study was performed by 
reviewing the patients evaluated between January 2008 
and December 2014 in the Ultrasound Department of 
the host institution. This was an observational, cohort-
type study, that comprised records of patients admitted 
in the Dermatology, General Surgery, and Vascular Sur-
gery departments investigated for CVD work-up.  Due 
to the retrospective design of the study, the necessity of 
informed consent was waived. The study was approved 
by the Ethics Committee of the University (protocol code 
DEP43/22.11.2021).

The recorded information included: patient age and 
gender, clinical C grading (the presence/absence of skin 
changes and the quantification of the skin changes, ac-
cording to the CEAP classification [1]), the US report, 
the presence/absence of intranodal varicose veins and the 
grading of lymph node varix.

The US studies were performed with a HITACHI 
EUB 8500 scanner, using a 6-13 MHz, 50 mm linear 
probe (EUP L54M). US examinations were performed by 
a single operator. All images were anonymized. The US 
images and reports were a part of the standard evaluation 
of the lower limb venous system. Inclusion criteria: pa-
tients assessed for peripheral venous disease, with com-
plete clinical assessment, US reports, and image record-
ings. Exclusion criteria: patients with systemic diseases 
(lymphoma, tuberculosis, lymphoproliferative disease, 
HIV, sarcoidosis), lymphedema of or edema of systemic 
etiology (renal insufficiency, hypoalbuminemia, cardiac 
disease), patients with incomplete data (absent or incom-

plete: demographic data, record of the clinical assess-
ment, record of the US report or images).

The US report included the following: 1) the common 
femoral vein (CFV) and the femoral vein (FV) patency 
and reflux. Signs of chronic proximal (thigh/femoral) 
lower limb deep venous thrombosis were quantified as 
present or absent; 2) The Valsalva maneuver to assess 
the saphenous-femoral junction (SFJ). The reflux >1 sec 
was considered significant (present), otherwise absent; 
3) The great saphenous vein (GSV), small saphenous 
vein (SSV), and other relevant superficial veins patency 
and thrombosis (present or absent): 4) The popliteal vein 
(POPV) and the anterior and posterior tibial veins (ATV, 
PTV)  patency and thrombosis (present or absent). 

The diagnosis of lymph node varix was based on the 
following criteria: 1) the presence in the lymph node 
hilum of an anechoic structure with the following char-
acteristics: compressibility with the transducer; com-
munication with extranodal venous vessels, draining in 
the main venous trunks in the groin, slow/absent spon-
taneous flow, modulated by respiration or stress maneu-
vers; 2) the lymph nodes had to be localized inferior to 
the inguinal ligament, in the Scarpa triangle. The pres-
ence of transfixiant veins through the lymph node cortex 
was also noted.

The infrainguinal lymph node varix were graded as 
[11]: grade I (mildly dilated veins in the hilum, with 
visible echogenic hilum); grade II (moderately dilated 
veins filling the hilum, the normal echogenic hilum is 
absent, the lymph node is spontaneously recognizable); 
and grade III (markedly dilated veins with abnormal 
morphology of the lymph node;  nodal features apparent 
only after the compression maneuver and emptying of 
the varices).

Statistical Analysis
Statistical analysis was conducted with SPSS (IBM 

SPSS Statistics 29.0). The Kolmogorov–Smirnov and 
Shapiro-Wilk tests were used to evaluate the normality 
of data.  Normally distributed quantitative data were pre-
sented as means ± standard deviation (SD). Non-normal 
distributed data were presented as median and range. The 
rank-biserial correlation coefficient was used to assess 
the relationship between a dichotomous categorical vari-
able and ordinal variables. Spearman’s rank-order cor-
relation was used to measure the strength and direction 
of the monotonic relationship between two ranked non-
parametric variables. Phi and Cramer’s V tests were used 
to represent the correlation between categorical dichoto-
mous variables. An ordinal regression analysis was con-
ducted for the CVD stages by the presence of intranodal 
varices. A p-value under 0.05 was considered statistically 
significant.
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Results

The selection of the study subjects is shown in figure 1. 
A total of 183 subjects were included in the study 

(116 women and 67 men; median 55 years for the en-

tire group, 54 years for men, 55.5 for women, age range 
16-80 years). The main demographic characteristics are 
summarised in Table I. 

The demographic characteristics divided by age 
groups are illustrated in Table II. As the great majority 
of the patients with varicose veins (C2) also had edema 
(C3) in variable degrees, the two stages were grouped in 
a single category.

Figure 2 exemplifies the original classification of in-
tranodal varices, described accordingly.

The correlations between intranodal varices and signs 
of CVD are detailed in Table III. There was a statistically 
significant association, between the presence of intra-
nodal varices and the presence of the following features: 

Table II. Descriptive statistics by age

Variable Age (years)
Total
(N  = 183)

16–30
(N = 9)

31–40
(N = 33)

41–50
(N = 25)

51–60
(N = 53)

61–70
(N = 49)

71–80
(N = 14)

Chronic venous disease stage
C0 53 (29.0) 3 (33.3) 18 (54.5) 12 (48.0) 14 (26.4) 5 (10.2) 1 (7.1)
C1 25 (13.7) 3 (33.3) 2 (6.1) 3 (12.0) 8 (15.1) 8 (16.3) 1 (7.1)
C2+C3 41 (22.4) 1 (11.1) 3 (9.1) 5 (20.0) 12 (22.6) 17 (34.7) 3 (21.4)
C4a 23 (12.6) 1 (11.1) 8 (24.2) 3 (12.0) 10 (18.9) 1 (2.0) 0 (0.0)
C4b 24 (13.1) 0 (0.0) 2 (6.1) 1 (4.0) 3 (5.7) 14 (28.6) 4 (28.6)
C5 9 (4.9) 1 (11.1) 0 (0.0) 1 (4.0) 4 (7.5) 1 (2.0) 2 (14.3)
C6 8 (4.4) 0 (0.0) 0 (0.0) 0 (0.0) 2 (3.8) 3 (6.1) 3 (21.4)

GSV reflux (prestent) 90 (49.2) 5 (55.6) 13 (39.4) 11 (44.0) 27 (50.9) 25 (51.0) 9 (64.3)
Signs of chronic deep venous thrombosis (present)

Proximal 29 (15.8) 2 (22.2) 3 (9.1) 2 (8.0) 10 (18.9) 9 (18.4) 3 (21.4)
Distal 26 (14.2) 2 (22.2) 3 (9.1) 1 (4.0) 7 (13.2) 9 (18.4) 4 (28.6)

Signs of chronic SVT (present) 22 (12.0) 1 (11.1) 0 (0.0) 4 (16.0) 8 (15.1) 7 (14.3) 2 (14.3)
VT (present) 24 (13.1) 1 (11.1) 4 (12.1) 1 (4.0) 10 (18.9) 5 (10.2) 3 (21.4)
Intranodal varices 

Grade I 25 (13.7) 0 (0.0) 3 (9.1) 1 (4.0) 6 (11.3) 10 (20.4) 5 (35.7)
Grade II 30 (16.4) 1 (11.1) 4 (12.1) 3 (12.0) 9 (17.0) 10 (20.4) 3 (21.4)
Grade III 12 (6.6) 1 (11.1) 0 (0.0) 1 (4.0) 6 (11.3) 4 (8.2) 0 (0.0)

The results are expressed as number (%). N = number of subjects; GSV = Great saphenous vein; SVT = superficial venous thrombosis;  
VT = Variceal thrombosis

Table I. Descriptive data of the subjects

Variable N = 183
Chronic venous disease stage

C0 53 (29.0)
C1 25 (13.7)
C2+C3 41 (22.4)
C4a 23 (12.6)
C4b 24 (13.1)
C5 9 (4.9)
C6 8 (4.4)

Great saphenous vein reflux (present) 90 (49.2)
Signs of chronic deep venous thrombosis (present)

Proximal 29 (15.8)
Distal 26 (14.2)

Chronic superficial venous thrombosis (present) 22 (12.0)
Variceal thrombosis (present) 24 (13.1)
Intranodal varices 

Grade I 25 (13.7)
Grade II 30 (16.4)
Grade III 12 (6.6)

The results are expressed as number (%). N = total number of sub-
jects

Fig 1. The flowchart showing patient selection.
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GSV reflux (φ=0.341, p=0.000), variceal thrombosis 
(φ=0.209, p=0.005), signs of chronic deep venous throm-
bosis (φ=0.236, p=0.004).

A Spearman’s rank-order correlation was run to as-
sess the relationship between chronic venous insufficien-
cy stages and the grade of intranodal varices, but there 
was no statistically significant correlation between the 
variables (rs=0.043, p=0.730).

There was a moderate-to-high positive correlation 
between intranodal varices and the chronic venous dis-
ease stage (rrb=0.457, p=0.000). The Pearson coefficient 
(r=0.249, p=0.042) indicates a moderate, positive, cor-
relation between the variables, with evidence of statisti-
cally significant bivariate association.

An ordinal logistic regression was performed to as-
sess the correlation of intranodal varices with higher 
stages of CVD. The final model statistically significant-
ly predicted the dependent variable over and above the 
intercept-only model (χ2(1)=37.071, p=0.000). However, 
the Pearson goodness-of-fit indicated that the model 
was not a good fit for the observed data (χ2(5)=36.593, 
p=0.000). The pseudo-R-square values indicate that the 
presence of intranodal varices explains just a small pro-
portion of the variation between CVD stages. A model 
containing only intranodal varices would be a poor pre-
dictor for a particular stage of CVD.  The probability of 
having nodal varicose veins is estimated to rise by 1.708 
with each stage of CVD, 95% CI [1.128,2.287]. The odds 
ratio of being in a higher stage of CVD of the patients 
with intranodal varices versus patients without, is 5.518, 
a statistically significant effect (p=0.000).

Discussion

The literature referring to LNVN is relatively sparse. 
To the best of our knowledge, this is the first study on the 

Table III. Associations between variables

Method Variables Coeffi-
cient

Signifi-
cance

Rank biserial correlation Chronic venous disease stage Presence of intranodal varices 0.457 0.000
Spearman’s rank-order 
correlation

Chronic venous disease stage Grade of intranodal varices 0.043 0.730

Phi and Cramer’s V Presence of intranodal varices Presence of variceal thrombosis 0.209 0.005
Phi and Cramer’s V Presence of intranodal varices Presence of great saphenous vein reflux 0.341 0.000
Phi and Cramer’s V Presence of intranodal varices Signs of chronic proximal deep venous thrombosis 0.167 0.024
Phi and Cramer’s V Presence of intranodal varices Signs of chronic distal deep venous thrombosis 0.211 0.004
Phi and Cramer’s V Presence of intranodal varices Signs of chronic deep venous thrombosis 0.236 0.001
Phi and Cramer’s V Presence of intranodal varices Signs of chronic superficial venous thrombosis 0.138 0.063
Rank biserial correlation Grade of intranodal varices Signs of chronic proximal deep venous thrombosis 0.249 0.042
Rank biserial correlation Grade of intranodal varices Signs of chronic distal deep venous thrombosis 0.151 0.221

Fig 2. Ultrasound aspect of the infrainguinal lymph node 
varicose veins, without (left) and with transducer compression 
(right): a) Lymph node with a mildly dilated hilar vein, with 
visible echogenic hilum (grade I); b) Lymph node with mod-
erately dilated veins filling the hilum, absent echogenic hilum 
(grade II); c) Lymph node with markedly dilated veins, with 
abnormal morphology, spontaneously unrecognizable lymph 
node and incomplete emptying of the varices with transducer 
compression (grade III). The white arrowheads point to the 
lymph nodes in each case.
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association of CVD with the morphological changes of 
infrainguinal lymph nodes. 

In our study, we found a statistically significant and 
moderately-strong association between the presence of 
intranodal varices and GSV reflux.  Lower associations 
were found between the presence of intranodal varices 
and variceal thrombosis or with signs of chronic deep ve-
nous thrombosis. Our research demonstrated a positive 
correlation between intranodal varices and the chronic 
venous disease stage; patients in a more advanced stage 
of CVD had a higher chance of presenting intranodal 
varices. 

We also assessed the correlation between CVD stag-
es and intranodal varices severity. The relationship was 
monotonic, but not statistically significant. The analysis 
should be repeated in a larger overall patient group.

The great majority of the patients with advanced stag-
es of CVD were in the 50-70 age range, and the same age 
groups presented the greatest proportion of intranodal 
varices (79.1%). This data distribution follows the natu-
ral progression of the disease, explained by a decrease 
in the production of collagen, which causes the veins to 
dilate and the valves more likely to become incompetent 
[12]. 

The first studies published on this subject [7-9] are 
case reports, therefore strictly descriptive, and do not 
analyze a possible relationship between lymph node var-
icose veins and typical aspects of venous insufficiency 
such as GSV reflux or venous thrombosis. More recent 
studies [8,10,13] are based on a morphological and ana-
tomical exploration of the LNVN. For this reason, we 
did not have a comparison term for the results obtained 
in our study.

Lemasle et al [8,13] describe the LNVN as tortuous 
veins in connection with a lymph node, raising the theory 
that these veins could develop a connection with the su-
perficial tributaries or with the saphenous stump and, in 
time, enlarge and exhibit reflux. In a series of 100 patients 
who had undergone surgery for GSV reflux, Lemasle et al 
[8] found that LNVN was the main cause of reflux in 6% 
of the cases. Uhl et al. describe in a larger study [10], the 
anatomy of the infrainguinal veno-lymphatic network, 
investigated by US, contrast-enhanced computer tomog-
raphy, and anatomical dissection of 400 limbs from 200 
cadavers post latex injection. The LNVN was found both 
in subjects with and without chronic venous pathology. 
Since the diameter of the LNVN is approximately 1 mm 
or less, in normal subjects it is frequently missed by 
Duplex US. Dilated LNVN was depicted in 15% of the 
cadavers with known CVD. According to the Union In-
ternational de Phlébologie (UIP) consensus in 2011 [14], 
neovascularization was defined as the presence of newly 

visualized veins, in post-operative US, located at the site 
of the suppressed saphenous-femoral junction. In the ab-
sence of clear histological evidence, Uhl et al. suggest 
several hypotheses for the pathogenesis of lymph node 
varicose veins: lymphatic dystrophic changes that occur 
as a result of local inflammatory processes, the release of 
angiogenic factors, pre-existing intranodal venous chan-
nels that dilate; all these could lead to an increase in the 
volume of the lymph node, with fibrosis of the medullary 
sinuses and consequently, functional incompetence. 

The anatomy and topography of the groin area were 
of interest to authors [15,16] who described lymphatic 
collectors clustered around the GSV and the AASV, ex-
plaining the connection between impaired lymphatic 
function and chronic venous hypertension. De Maese-
neer et al [14,17] also advise a careful evaluation of the 
groin area, looking for LNVN reflux and connections 
with the CFV, the pelvic veins, or the GSV and AASV. 
Their observation points especially to patients with varix 
recurrency. 

The existence of spontaneous lympho-venous shunts 
was proven in several anatomical studies [10,18]. Moreo-
ver, the experimental evidence published by Koltowska 
et al [18] described the development of lymphatic vessels 
from venous blood vasculature in vertebrates. 

The pressure gradient between the two systems is 
unidirectional, ensuring the lymph drainage into the ve-
nous system at definite sites. Could intranodal varices ap-
pear as a consequence of high venous pressure in these 
preexistent lympho-venous shunts? We consider it to be 
a reasonable theory. In our classification, in grade III in-
tranodal varix, we found small caliber, transfixing veins 
passing through the lymph node cortex, an abnormal fea-
ture. The hilum contains the vein and the artery, no veins 
pass through the cortex [19]. Afferent lymphatic vessels 
cross through the cortex and exit as efferent lymphatics 
in the hilum. Inside the lymph node, a natural lympho-
venous anastomosis was described as connecting the in-
termediate sinus and the high endothelial venule, keeping 
a unidirectional flow (from the lymphatic channel to the 
venule) [19-21]. 

Could the flow direction invert, leading to a transfor-
mation of the lymphatic channel into a venous one? Path-
ological lympho-venous anastomoses were described in 
lymphedema and primary or secondary malignancies 
[19-21], but only recently in CVI [22-24]. Patients with 
CVD grades C3-C6 present with edema, thus the high 
pressure in the lymphatic system could explain the dila-
tion of these anastomoses and a greater frequency of in-
tranodal varix in patients with advanced stages. Another 
theory is that chronic inflammation acts as a trigger for 
lymphangiogenesis. Rasmussen et al [23] demonstrated 
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that lymphatic anatomy and function degradation (such 
as vessel dilation, segmentation, interstitial and dermal 
backflow) tends to be progressive, connected to the more 
advanced stages of CVD (C2-C4). Miranda Garces et al 
[21] mentions a similar theory, that venous obstruction 
could stimulate neovascularisation, with lymphatic en-
dothelial cells of the lymph node sinuses transforming 
into vascular endothelial cells. 

All of these theories may be valid explanations for the 
pathogenesis of lymph node varicose veins, at this stage, 
however, they remain hypotheses.

In the matter of impact on patient care and treatment 
strategies, the recognition and description of intranodal 
varix in the preoperative Doppler US report may be 
useful to the surgeon. The LNVN reflux can supply an 
incompetent GSV through communicating veins, in the 
presence of a normal terminal GSV valve. Would the re-
moval of these lymph nodes cause or worsen lymphoe-
dema? Or would it reduce venous hypertension? Several 
authors [6,10,16] advise against surgical intervention in 
this area (in particular around the saphenous opening, 
GSV stripping), instead recommending foam sclero-
therapy. In light of these aspects, we believe that LNVN 
identification could have a considerable impact on clini-
cal decision-making and treatment choices.

We acknowledge that our study has limitations. 
Firstly, being an observational research, our study only 
analyzes data collected at one single point in time across 
a predefined subset of the population, patients clinically 
diagnosed with CVD. Secondly, the study did not assess 
the status of patients at the time of the examination, i.e. 
whether they were at a first diagnosis or had relapsed 
after surgery. Another limitation is the sample size, a 
rather small size for a study that aims to assess correla-
tion and infer that morphological alterations in infrain-
guinal lymph nodes could become a source of primary 
CVD. Some other limitations of our study consist of not 
considering confounding factors: patients’ comorbidities 
(risk factors such as female gender, history of multiple 
pregnancies, obesity, lifestyle, occupational hazard) or 
previous surgical intervention for CVD. However, these 
go beyond the scope of our study. We acknowledge that 
a more elaborated, comprehensive approach represents a 
challenge and a topic for further studies.

Conclusion

Our study demonstrated that patients with high-
er stages of CVD were more likely to have intranodal 
varices. We also found associations, to varying degrees, 
between the presence of intranodal varices and saphen-
ous vein reflux, variceal thrombosis, and signs of chronic 

deep vein thrombosis. Identifying LNVN could have sig-
nificant clinical and treatment implications.
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Simple Summary: Differentiating between benign and malignant parotid gland tumors is of

paramount importance as it impacts therapeutical management. MRI represents the best imaging

technique in diagnosing and characterizing parotid gland tumors, offering a high soft tissue

contrast resolution. However, there are still overlapping radiological features between tumoral

types; thus, accurate malignancy detection remains a challenge. Recently, radiomics has gained

recognition as a promising new non-invasive approach in oncological imaging, especially related

to tumor classification, and has the potential to become an additional diagnostic tool that might

offer support in the clinical decision-making scenario.

Abstract: The aim of this study was to assess the ability of MRI radiomic features to differentiate

between benign parotid gland tumors (BPGT) and malignant parotid gland tumors (MPGT). This

retrospective study included 93 patients who underwent MRI examinations of the head and neck

region (78 patients presenting unique PGT, while 15 patients presented double PGT). A total of

108 PGT with histological confirmation were eligible for the radiomic analysis and were assigned to

a training group (n = 83; 58 BPGT; 25 MPGT) and a testing group (n = 25; 16 BPGT; 9 MPGT). The

radiomic features were extracted from 3D segmentations of the PGT on the T2-weighted and fat-

saturated, contrast-enhanced T1-weighted images. Following feature reduction techniques, including

LASSO regression analysis, a radiomic signature (RS) was built with five radiomic features. The RS

presented a good diagnostic performance in differentiating between PGT, achieving an area under

the curve (AUC) of 0.852 (p < 0.001) in the training set and 0.786 (p = 0.017) in the testing set. In

both datasets, the RS proved to have lower values in the BPGT group as compared to MPGT group

(p < 0.001 and p = 0.023, respectively). The multivariate analysis revealed that RS was independently

associated with PGT malignancy, together with the ill-defined margin pattern (p = 0.031, p = 0.001,

respectively). The complex model, using clinical data, MRI features and the RS, presented a higher

diagnostic performance (AUC of 0.976) in comparison to the RS alone. MRI-based radiomic features

could be considered potential additional imaging biomarkers able to discriminate between benign

and malignant parotid gland tumors.

Keywords: radiomics; textural analysis; parotid gland tumors; differential diagnosis; MRI

1. Introduction

Parotid gland tumors (PGT) are rare, accounting for approximately 3% of all tumors
in the cervical region and 80–85% of salivary gland tumors [1]. Approximately 80% of PGT
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are benign, the most common being pleomorphic adenomas and Warthin’s tumors, while
the remaining 20% of PGT are malignant [2,3].

The gold standard treatment for PGT is surgery, and the protocol is determined by the
histopathological type of tumor: for benign lesions, local excision or partial parotidectomy
may be sufficient, whereas for malignant lesions total parotidectomy and neck dissection is
recommended [4].

For assessing PGT, the imaging method of choice is magnetic resonance imaging
(MRI), which offers valuable information regarding morphology, disease extension, and
deep surrounding structures imaging [1,5]. The main advantages of MRI over other
imaging methods include the absence of ionizing radiation and an improved tissue contrast
resolution which is particularly important in detecting tumoral local spread including
perineural disease [6].

Multiparametric MRI allows morphological and signal pattern analysis of PGT using
standard sequences (T1-WI, T2-WI, STIR). Moreover, MRI also allows for a functional
assessment of PGT by using diffusion-weighted imaging with the corresponding ADC
maps, and dynamic contrast-enhanced imaging, respectively [1,3]. Several algorithms
have been proposed to determine the histopathological type of parotid tumors, but there is
still no general validation of them as there are several overlapping MRI features between
lesions [7]. An accurate differential diagnosis is mandatory to implement a clinically and
surgically appropriate strategy for PGT patients.

In oncological imaging, radiomics has recently emerged as a promising novel non-
invasive tool, particularly useful in areas such as tumor classification, prognosis prediction,
or therapeutical response assessment [8,9]. Radiomic analysis refers to the extraction
of numerous quantitative imaging features from specific regions of interest in medical
images. The most discriminative radiomic features can further be combined into radiomic
signatures, which can be used to differentiate between various tumors [10,11].

Although MRI-derived radiomic signatures have shown potential in distinguishing
between different types of salivary gland tumors [12,13], a consistent generally validated
signature has not yet been established in the literature.

The purpose of this study is to assess whether textural analysis biomarkers are able to
predict malignancy in PGT using standard MRI sequences and to evaluate the diagnostic
performance of the resulting predictive radiomic model. A second aim is to assess the ra-
diomic analysis added benefit to clinical–radiological models in the differentiation between
benign parotid gland tumors (BPGT) and malignant parotid gland tumors (MPGT).

2. Materials and Methods

This study adhered to the Declaration of Helsinki guidelines and was granted approval
by the Ethical Committee of the “Iuliu Hat, ieganu” University of Medicine and Pharmacy
Cluj-Napoca (registration number: 43; date: 11 February 2022). Owing to the retrospective
nature of the research, informed consent was waived for all participants.

2.1. Study Population

A retrospective analysis was performed in the electronic clinical and radiological
database for patients who underwent an MRI evaluation of the head and neck region
during January 2018 and January 2023 to assess parotid gland lesions.

The following inclusion criteria were used: (1) patients with PG-related symptoms
or masses; (2) histological confirmation of the PGT from biopsy or surgical specimen;
(3) available MRI examinations with corresponding technical parameters mentioned in the
“Image Acquisition” Section 2.2.

The exclusion criteria were as follows: (1) tumors with a maximum diameter <5 mm;
and (2) the existence of imaging artifacts making the images unsatisfactory for radiomic
analysis. The exclusion criterion for a maximum tumor diameter of 5 mm was set to reduce
the potential impact of partial volume effects that could alter the genuine tissue-specific
image texture [14].
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A final cohort of 93 consecutive patients was formed, following the application of
the inclusion and exclusion criteria. A total of 78 patients presented unique PGT, while
15 patients presented double PGT (8 patients with double Warthin tumors, 4 patients with
double malignant tumors, and 3 patients with double pleomorphic adenoma).

This study included a final number of 108 PGT which were eligible for radiomic
analysis. Using the “one-third” criteria proposed in radiomic studies [15], the samples were
randomly divided into a training group (83 PGT; 58 benign, 25 malignant) and a testing
group (25 PGT; 16 benign, 9 malignant).

2.2. Image Acquisition

The MRI examinations were performed in a single center, using a 1.5 Tesla MRI scanner
(SIGNA™ Explorer, General Electric, Milwaukee, WI, USA) using a dedicated, 16-channel,
high-resolution head coil. The acquisition protocol was constructed an of axial fast spin-eco
(FSE) T1-WI; an axial FSE T2-WI using the PROPELLER (Periodically Rotated Overlapping
ParallEL Lines with Enhanced Reconstruction) technique; a coronal STIR PROPELLER; an
axial diffusion-weighted imaging (DWI) using echo-planar imaging sequences at multiple
b-values with the corresponding ADC maps; an axial perfusion-weighted imaging; and
an axial FSE fat-saturated contrast-enhanced T1-WI using intravenous contrast medium
0.1 mL/kg Gadobudrol, (Gadovist; Bayer HealthCare, Berlin, Germany).

For the textural analysis, the following sequences were used: axial FSE T2-WI PRO-
PELLER (T2-WI) and axial fat-saturated contrast-enhanced T1-WI (fsCE-T1-WI). The corre-
sponding MRI specifications are presented in Table 1.

Table 1. MRI sequences specifications.

MRI Parameter T2-WI fsCE-T1-WI

TE (ms) * 75 [62–92] 12 [8.9–15.6]
TR (ms) * 5450 [3540–8290] 680 [610–750]
Matrix (mm) 384 × 384 300 × 300
Flip angle 160 160
Slice thickness (mm) 3 3
Slice gap (mm) 3 3

* median (interquartile range).

2.3. Preprocessing, Segmentation, and Feature Extraction

Each examination was reviewed on a dedicated workstation (General Electric, Ad-
vantage workstation, 4.7 edition) by one radiologist specialized in head and neck imaging
with more than 15 years-experience in MRI, who reviewed the images for possible arti-
facts and protocol errors. All examinations underwent anonymization, and the selected
sequences were retrieved in DICOM format and imported into an open-source texture
analysis software, Slicer version 4.11 (available online at: http://www.slicer.org/ accessed
on 1 February 2023).

Within the 3D Slicer program, before segmentation and feature extraction, all MR
images went through several preprocessing stages. Firstly, all images were normalized by
division through standard deviation and the gray values were discretized using a fixed-
bin width of 25. To maintain consistency in scaling and orientation while extracting 3D
features, all images were resampled with a voxel size of 1 × 1 × 1 mm3 using a B-Spline
interpolator. Isotropic resampling was preferred over anisotropic resampling as it is more
suitable for computing 3D textural features [16]. The widely used “µ ± 3σ” algorithm
was also utilized for image intensity normalization and for diminishing the fluctuation
impact of the acquired scanning parameters of the MRI examination [17]. Therefore, image
intensity outliers (which differed > 3 sigma from the mean) were identified and removed.

After the preprocessing steps, one radiology resident (DDM), blinded to the histopatho-
logical results, manually outlined each parotid lesion on sequential images; therefore, a 3D
segmentation was performed, excluding vessels or areas with necrosis.

http://www.slicer.org/


Cancers 2023, 15, 3319 4 of 16

The contouring procedure aimed to cover the tumor’s maximum area without
exceeding the lesion’s margin. Figure 1 shows an example of benign and malignant
PGT 3D segmentation.

 

an ICC ≤ 0.75 were excluded from further analysis.

Figure 1. (A) 3D segmentation of a benign parotid tumor (confirmed as pleomorphic adenoma).

(B) 3D segmentation of a malignant parotid tumor (confirmed as adenoid cystic carcinoma).

For the radiomic features extraction, the open source PyRadiomics package (version
3.0.1) was used. From each MRI sequence, 1037 quantitative radiomic features were
extracted from the 3D segmentation of the PGT, using both original and filtered images.

The preprocessing filters were Laplacian of Gaussian (LoG), using fine and coarse
patterns (sigma 3.0 and 5.0 mm) and wavelet filters.

The extracted radiomic features belonged to the following groups: first-order, gray-
level co-occurrence matrix (GLCM), gray-level run length matrix (GLRLM), gray-level
size zone matrix (GLSZM), gray-level dependence matrix (GLDM), neighboring gray-tone
difference matrix (NGTDM), and shape.

2.4. Feature Selection and Statistical Analysis

The first step in the feature selection process was to assess feature stability between
two segmentations. Therefore, 50 randomly selected PGT were resegmented by the same
radiologist (DDM), two months after the initial segmentation. The intraobserver agreement
was assessed by calculating the intraclass correlation coefficient (ICC). Features with an
ICC ≤ 0.75 were excluded from further analysis.

All radiomic features underwent Z-score normalization.
To control data overfitting in this radiomic study, the following feature selection steps

were conducted.
Firstly, to identify the statistically significant radiomic features able to differentiate between

BPGT and MPGT, a univariate test was applied (Mann–Whitney U), using the Benjamini–
Hochberg correction as an adjustment for multiple testing (corrected p-values < 0.05).

Secondly, to eliminate redundant features, the Spearman correlation was performed
between any two features. When highly correlated features were encountered (Spear-
man’s coefficient >0.9/<−0.9), only the feature with the lowest p-value in univariate
analysis was retained.



Cancers 2023, 15, 3319 5 of 16

The last step of feature reduction represented the multivariate logistic regression
analysis using the least absolute shrinkage and selection operator (LASSO) with a ten -fold
cross-validation.

Finally, five radiomic features were selected and combined into a Radiomic Signature,
which was computed by taking a linear combination of the chosen features and weighting
them based on their respective LASSO coefficients.

This three-step reduction technique was also performed in previous radiomic studies
with favorable classification outcomes [18,19].

The diagnostic performance of the radiomic signature in both training and testing
datasets was assessed by the Receiver operating characteristic (ROC) curve analysis.

The comparison between different areas under the ROC curve was performed using
the DeLong test.

To analyze quantitative clinical and biological features, the independent-sample T or
the Mann–Whitney U tests were employed, while for the assessment of categorical features,
the exact Fisher test was utilized.

To identify independently associated features able to predict the malignancy of PGT, a
binary logistic regression was performed using the enter method. The statistical significance
value was set for p < 0.05.

The statistical analysis was conducted using the following software: SPSS Statistics
for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA), MedCalc version 14.8.1 (MedCalc
Software, Mariakerke, Belgium), and R software version 3.6.3 (with the “glmnet” package).

An overview of the radiomic workflow used in this study is offered in Figure 2.

−

Figure 2. Radiomics workflow diagram. ROI = region of interest; PROPELLER = periodically rotated

overlapping parallel lines with enhanced reconstruction; fsCE = fat-saturated contrast-enhanced;

PGT = parotid gland tumors; BPGT = benign parotid gland tumor; MPGT = malignant parotid

gland tumor; ICC = Intraclass Correlation Coefficient; BHC = Benjamini–Hochberg Correction;

LASSO = Least Absolute Shrinkage and Selection Operator; ROC = Receiver-Operating Characteristic.

3. Results

In this radiomic study, a total of 108 PGT were analyzed, which were divided into
a training set (83 PGT: 58 benign, 25 malignant) and a testing set (25 PGT: 16 benign,
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9 malignant). Tumor characteristics are summarized in Table 2 and the histopathological
distribution is presented in Table 3.

Table 2. Clinical and radiological characteristics of the benign and malignant PGT in the training and

testing sets.

Feature

Training Set (n = 83)

p

Testing Set (n = 25)

pBenign PGT
(n = 58)

Malignant PGT
(n = 25)

Benign PGT
(n = 16)

Malignant
PGT (n = 9)

Age (years) 49.6 ± 14.7 58.1 ± 13.4 0.014 54.2 ± 12.12 63.22 ± 14.87 0.115

Sex Male 25 (43.1) 10 (40) 0.794 8 (50) 4 (44.4) 0.793

Female 33 (56.9) 15 (60) 8 (50) 5 (55.6)

Maximum size
(mm)

26 [19, 32] 35 [25.7, 48.2] 0.011 19.5 [13, 24.5] 31 [21.5, 39] 0.046

Location Superficial 35 (60.3) 10 (40) 0.14 13 (81.2) 8 (88.9) 0.513

Deep 6 (10.3) 2 (8) 1 (6.3) 1 (11.1)

Both 17 (29.3) 13 (52) 2 (12.5) 0 (0)

Side Left 30 (51.7) 13 (52) 0.8 8 (50) 2 (22.2) 0.182

Right 28 (48.3) 12 (48) 8 (50) 7 (77.8)

Margin Smooth 56 (96.6) 7 (28) <0.001 14 (87.5) 2 (22.2) 0.001

Ill-defined 2 (3.4) 18 (72) 2 (12.5) 7 (77.8)

Cystic/necrotic
areas

Present 36 (62.1) 16 (64) 0.755 12 (75) 5 (55.6) 0.327

Absent 22 (37.9) 9 (36) 4 (24) 4 (44.4)

T1-WI
hyperintense
spots

Present 14 (24.1) 2 (8) 0.089 8 (50) 7 (77.8) 0.228

Absent 44 (75.9) 23 (92) 8 (50) 2 (22.2)

T2-WI signal
(vs. parotid)

Hypointense 16 (29.6) 17 (68) <0.001 6 (37.5) 6 (66.7) 0.169

Hyperintense 42 (72.4) 8 (32) 10 (62.5) 3 (33.3)

T1-WI signal
(vs. muscle)

Hypointense 49 (84.5) 24 (96) 0.141 14 (87.5) 9 (100) 0.278

Hyperintense 9 (15.5) 1 (4) 2 (12.5) 0 (0)

CE pattern Homogenous 19 (32.7) 5 (20) 0.752 3 (18.7) 4 (44.4) 0.244

Heterogenous 39 (67.2) 20 (80) 13 (81.3) 5 (55.6)

T2-WI SI
Ratio *

3.96 [2.46, 6.09] 2.85 [2.36, 3.66] 0.039 3.82 [2.51, 5.36] 2.56 [2.13, 2.88] 0.047

T1-WI SI
Ratio *

1.14 [1, 1.27] 1.17 [1.08, 1.30] 0.605 1.23 [1.08, 1.39] 1.26 [1.10, 1.74] 0.428

fsCE-T1-WI SI
Ratio *

1.61 [1.40, 2.18] 1.50 [1.40, 1.91] 0.461 1.33 [1.16, 1.95] 1.15 [1.11, 1.39] 0.212

ADC
(10−3 mm2/s)

1.205 0.855 0.001 1.176 0.875 0.019

[0.910, 1.800] [0.728, 1.185] [0.865, 1.459] [0.670, 0.908]

CE = contrast enhancement; SI = signal intensity; fs = fat-saturated; ADC = apparent diffusion coefficient;
PGT = parotid gland tumor; p = statistical significance level. The results are presented as mean ± standard
deviation, median and [interquartile range], or percentage (%). * Parotid gland tumor signal intensity/Masseter
muscle signal intensity.
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Table 3. Histopathology of parotid gland tumors.

Training Set Testing Set

Benign (n = 58) Malignant (n = 25) Benign (n = 16) Malignant (n = 9)

Tumor histology Pleomorphic adenoma 28 Mucoepidermoid cc 3 Pleomorphic adenoma 6 Acinic cell cc 2
Warthin tumor 24 Salivary duct cc 3 Warthin tumor 8 Salivary duct cc 2

Basal cell adenoma 3 Adenoid cystic cc 3 Basal cell adenoma 1 Metastatic cc 2
Parotid gland cyst 2 Acinic cell cc 2 Oncocytoma 1 Lymphoma 3

Reactive lymph node 1 Lymphoma 7
Metastatic cc 3
Basal cell cc 2

Squamous cell cc 1
Undifferentiated

sarcoma 1

In the training group, the patient’s age, maximum tumor size, tumor margin, T2-WI
signal intensity compared to the parotid gland parenchyma, T2-WI signal intensity ratio
(PGT signal intensity, divided by the masseter muscle signal intensity), and ADC value
were significantly different between benign and malignant PGT.

MPGT appeared in older patients and presented greater dimensions than BPGT,
predominant ill-defined margins, and hypointense signal on T2-WI. Furthermore, the T2-
WI signal intensity ratio and the ADC values were lower for the MPGT in comparison to
BPGT (2.85 vs. 3.96, p = 0.039; 0.855 vs. 1.205, p = 0.001, respectively).

Besides the age and the T2-WI intensity of PGT, all the parameters that proved to be
statistically significant between the two study groups in the training set were also confirmed
in the testing group.

3.1. Feature Selection and Radiomic Signature Construction in the Training Set

From each 3D segmentation of the PGT included in the training set, a total of 1037 ra-
diomic features were extracted from T2-WI and another 1037 radiomic features from the fsCE-
T1-WI, respectively. The intrareader agreement was tested and features with an ICC < 0.75
were excluded from further statistical analysis. Therefore, the features were reduced to
859 T2-WI features and 834 fsCE-T1-WI features.

To develop the radiomic signature, firstly, a univariate analysis was performed, and
67 T2-WI features and 50 fsCE-T1-WI features were found to be statistically significant
between the two studied groups (with an adjusted p-value < 0.05 after Benjamini–Hochberg
correction). Secondly, after performing Spearman’s correlation analysis, 28 non-redundant
features were retained for further analysis (Supplementary File: Table S1, Figure S1). The
final parameter reduction technique was the ten-fold cross-validated LASSO (least absolute
shrinkage and selection operator) regression which revealed five final radiomic features
(Figure 3). By linearly combining these five radiomic features using their corresponding
LASSO coefficients (Table 4), the following radiomic signature formula was generated:

Radiomic Signature = ∑
5
x=0Cx ∗ Rx + I, (1)

where Cx is the coefficient of the xth radiomic feature, Rx the xth radiomic feature, and I
the intercept.

3.2. The Performance of the Radiomic Signature in the Training Set

There was a significant difference in the radiomic signature value between BPGT and
MPGT, −1.11 [−1.31, −0.71] versus −0.34 [−0.70, −0.15], p < 0.001.

In the training set, the radiomic signature predicted malignancy of PGT with an area
under the curve (AUC) of 0.852, resulting in a sensitivity of 72% and a specificity of 87.7%
for the cut-off value of >−0.614 (Figure 4).
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Figure 3. LASSO (least absolute shrinkage and selection operator) regression model. (A) Tuning

parameter lambda (λ) selection using ten-fold cross-validation. The most favorable λ value was 0.045

and log (λ) = −3.08. The most favorable λ value according to the minimum criteria and 1 standard

error of the minimum criteria are depicted with the dotted vertical lines. (B) The LASSO regression

coefficients of the final 28 radiomics features and the most favorable λ (dotted vertical line).

Table 4. Radiomic feature selection results after LASSO regression.

MRI Sequence Radiomic Feature Radiomic Group Associated Filter Coefficient

fsCE-T1-WI SizeZoneNonUniformityNormalized Texture (glszm) original −0.865
fsCE-T1-WI Skewness First order LoG filter (5 mm) 0.09

T2-WI RootMeanSquared First order wavelet-HLL 0.136
T2-WI Imc2 Texture (glcm) wavelet-LLH −0.167
T2-WI Correlation Texture (glcm) wavelet-LHL −0.296

Intercept −0.865

fsCE = fat-saturated with contrast enhancement; glszm = gray-level size zone matrix; glcm = gray-level co-
occurrence matrix; LoG = Laplacian of Gaussian.

λ) λ 
λ) = 

λ (

−

−
−
−

− − − − − −

−

 
Figure 4. Receiver operating characteristic (ROC) curve of the radiomic signature for differentiating

between BPGT and MPGT-training set (red line—ROC curve; thin dotted blue lines—ROC Confidence

Interval).

The individual diagnostic performance of the five radiomic features was also assessed
(Table 5). The AUC values varied between 0.668 and 0.747 and were lower than the one
reached by the radiomic signature.
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A clinical–radiological model was developed using a multivariate regression (Table 6)
which included statistically significant features between BPGT and MPGT in the training
group (age, maximum tumor size, margin, T2-WI signal intensity, T2-WI ratio, and ADC
value). By adding the radiomic signature to the clinical–radiological model, a complex
model was developed (Table 7). In the complex model, the radiomic signature and the
ill-defined margin pattern were independently associated with malignancy of the PGT.

Table 5. Individual diagnostic performance of the final selected radiomic features.

Radiomic Feature
AUC

(95% CI)
Cut-Off

Se
(95% CI)

Sp
(95% CI)

+LR
(95% CI)

−LR
(95% CI)

p

SizeZoneNonUniformityNormalized
0.668

≤−0.509
60 73.68 2.28 0.54

0.01
(0.555–0.768) (38.7–78.9) (60.3–84.5) (1.33–3.91) (0.33–0.90)

Skewness
0.695

>0.135
80 63.16 2.17 0.32

0.001
(0.584–0.792) (59.3–93.2) (49.3–75.6) (1.47–3.21) (0.14–0.71)

RootMeanSquared
0.678

>0.329
48 82.46 2.74 0.63

0.006
(0.566–0.777) (27.8–68.7) (70.1–91.3) (1.37–5.48) (0.42–0.94)

Imc2
0.74

≤−0.361
72 70.18 2.41 0.4

<0.001
(0.631–0.830) (50.6–87.9) (56.6–81.6) (1.51–3.85) (0.21–0.77)

Correlation
0.747

≤−0.211
76 70.18 2.55 0.34

<0.001
(0.639–0.836) (54.9–90.6) (56.6–81.6) (1.62–4.02) (0.17–0.70)

The 95% confidence interval (CI) values are shown in parentheses. AUC = area under curve; Se = sensitivity;
Sp = specificity; +LR = positive likelihood ratio; −LR = negative likelihood ratio; p = statistical significance level.

Table 6. Multivariate logistic regression analysis for the PGT malignancy prediction—clinical–

radiological model.

Variable Coefficient Std. Error p Odds Ratio

Patient’s age 0.083 0.047 0.076 1.087
Maximum diameter −0.016 0.047 0.736 0.984
Margin = “ill-defined” 5.649 1.488 <0.001 28.923
T2-WI = “hypointense” 2.520 1.491 0.091 12.435
T2-WI Ratio 0.030 0.387 0.937 1.030
ADC −0.527 1.285 0.681 0.590
Constant −7.558 4.341 0.081

Std. Error = standard error; p = statistical significance level.

Table 7. Multivariate logistic regression analysis for the PGT malignancy prediction—complex model.

Variable Coefficient Std. Error p Odds Ratio

Patient’s age 0.087 0.046 0.059 1.09
Maximum diameter −0.029 0.052 0.582 0.97
Margin = “ill-defined” 7.277 2.332 0.001 29.21
T2-WI = “hypointense” 1.501 1.544 0.330 4.48
T2-WI Ratio −0.146 0.468 0.753 0.86
ADC −1.159 1.822 0.524 0.31
Radiomic Signature 5.307 2.467 0.031 22.43
Constant −2.410 4.318 0.576

Std. Error = standard error; p = statistical significance level.

Adding the radiomic signature to the first model slightly improved its performance for the
differentiation between BPGT and MPGT: AUC = 0.943 (95% CI, 0.869 to 0.982) vs. AUC = 0.976
(95% CI, 0.916 to 0.997), p = 0.064, standard error = 0.02 (Figure 5).

A statistically significant difference between the AUC obtained by the radiomic sig-
nature and the one reached by the complex model was found: the difference between
areas = 0.123; standard error = 0.04; 95% confidence interval, 0.0306 to 0.212, p = 0.008
(Figure 6).
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Figure 5. ROC curves of the clinical–radiological and complex models for differentiating between

BPGT and MPGT.
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Figure 6. Comparison between ROC curves of the radiomic signature and the complex model for

differentiating between BPGT and MPGT.

3.3. The Validation of the Radiomic Signature in the Testing Group

The radiomic signature of BPGT was significantly lower than MPGT (−0.859 vs. −0.527,
p < 0.05) in the testing set as well (Table 8).

Table 8. Radiomic signature values of benign and malignant parotid gland tumors in the training

and testing datasets.

Radiomic Signature Median Q1 Q3 p

Training set
Benign −1.11 −1.31 −0.71 <0.001

Malignant −0.34 −0.7 −0.15
Testing set

Benign −0.859 −1.435 −0.785 0.023
Malignant −0.527 −0.787 −0.36

Q1 = first quartile; Q3 = third quartile; p = statistical significance level.



Cancers 2023, 15, 3319 11 of 16

The overall diagnostic performance of the radiomic signature in differentiating be-
tween BPGT and MPGT was attested in the testing group, reaching an AUC of 0.786, when
the optimal cut-off value was chosen according to the Jouden index analysis (Figure 7 and
Table 9).

−

− − −
− − −

− − −
− − −

−LR 

−

−

ositive likelihood ratio; −N

Figure 7. Receiver operating characteristic (ROC) curve (blue line) of the radiomic signature for

differentiating between BPGT and MPGT in the testing set.

Table 9. Diagnostic performance of the radiomic signature in the training and testing datasets.

Radiomic
Signature

AUC
(95% CI)

Cut-Off
Se

(95% CI)
Sp

(95% CI)
+LR

(95% CI)
−LR

(95% CI)
p

Training set
0.852

>−0.614
72 87.72 5.86 0.32

<0.0001
0.756–0.921 50.6–87.9 76.3–94.9 2.81–12.23 0.17–0.60

Testing set
0.786

>−0.774
77.78 85.71 5.44 0.26

0.017
0.566–0.927 40.0–97.2 57.2–98.2 1.44–20.58 0.075–0.90

The 95% confidence interval (CI) values are shown in parentheses. AUC = area under curve; Se = sensitivity;
Sp = specificity; +LR = positive likelihood ratio; −LR = negative likelihood ratio; p = statistical significance level.

For the previous cut-off value of >−0.614 (established in the training group), in the
validation group, there 66.7% sensitivity and 81.3% specificity were recorded.

4. Discussion

The current study assessed the performance of MRI-based radiomic features to dis-
criminate between benign and malignant PGT using a 3D segmentation approach on T2-WI
and fsCE-T1-WI sequences.

Radiomics represents a non-invasive postprocessing imaging technique that implies
extracting numerous quantitative features from digital images, thereby converting them
into mineable high-dimensional data which could predict changes at a cellular, metabolic,
or genetic level [11,20]. Recently, there has been an increasing interest in the radiomics
of salivary gland imaging, mainly addressing the following three topics: differentiating
between different PGT types, predicting xerostomia after radiation therapy in the head-neck
region, or assessing PG parenchymal changes in diffuse inflammatory diseases, such as
primary Sjogren’s Syndrome [21].

The constructed radiomic signature in this study includes first-order radiomic features
derived from the histogram, and second-order radiomic features from the gray-level co-
occurrence matrix (GLCM) and gray-level size zone matrix (GLSZM). First-order features
provide information about the voxels’ intensity distribution inside a region or volume of
interest, regardless of any spatial relationships between each other, while second-order
features are computed from various matrices to describe the spatial arrangement and inter-
action between voxels [22]. GLCM assesses the spatial relationships between individual
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voxels with different gray-level values, while GLSZM considers the size and frequency of
connected regions of voxels with the same intensity value within a given region/volume of
interest in a medical image [23,24].

The feature extraction process was performed from both unfiltered and filtered images.
As a pre-processing step, to all images, we applied Laplacian of Gaussian filters, which
highlight regions of rapid change (for instance, edge detection) and wavelet filters, which
separate information with high and low spatial frequency [25]. The majority of the radiomic
features included in the final radiomic signature were extracted from images with wavelet
filters, which proved to be especially useful in imaging denoising [26].

Regarding the PGT segmentation, a volume of interest was delineated in the three-
dimensional (3D) approach, as we considered it would provide representative information
more reliable for entire tumor characterization and heterogeneity assessment in comparison
to a 2D segmentation.

The chosen MRI sequences for segmentation were T2-WI acquired with the PRO-
PELLER technique and fsCE-T1-WI. By using PROPELLER, the image quality increases,
and any potential motion artifacts are diminished [27]. Contrast-enhanced imaging is
often used in radiomic studies as it provides information regarding tumor vascularity and
heterogeneity that would not be discernible without the use of contrast material [15].

The results obtained in this study demonstrate that the proposed MRI-based radiomic
signature, obtained from the combination of five radiomic features extracted from two
standard sequences, achieved a promising performance in differentiating benign from
malignant PGT. The AUC of the radiomic signature in the training group was 0.852, higher
than the AUC of each radiomic feature individually, which ranged between 0.668–0.747.
In the testing dataset, the radiomic signature maintained a good diagnostic performance,
with an AUC of 0.786.

There are several studies performed so far that assessed the ability of MRI radiomic
features to differentiate MPGT from BPGT using either features extracted from one sequence
alone or multiple sequences combined. The reported diagnostic performances of the
obtained radiomic models are variable.

The best radiomic model proposed by Zheng et al. was built using a combination of
T1-WI-logarithm and fsT2-WI-exponential features and reached an average AUC of 0.846
for differentiating benign from malignant SGT. This study, however, included not only
PGT, as in our study, but also tumors of the submandibular and sublingual glands [28].
By combining radiomic features extracted from manual segmentations of PGT on T1- and
T2-WI, Vernuccio et al. obtained a radiomic model that presented an AUC of 0.927, with
high specificity (93.4%), albeit at a cost of low sensitivity (57.2%) in the diagnosis of PGT
malignancy [29].

Another study used Linear Discriminant Analysis (LDA) and Support Vector Machine
(SVM) classifiers to discriminate between BPGT and MPGT on T2-WI, ADC map, and
DCE-MRI, and the reported AUC for each sequence was 93.3%, 100%, 99.2% for LDA, and
100%, 100%, 100% for SMV, respectively. When the classifiers were trained using features
from all three sequences combined, the AUC reached 100% for both LDA and SMV [30].

Using only the conventional T2-WI, SVM classifier training was performed using five
non-redundant discriminative features between BPGT and MPGT, and all feature subsets
were tested as well. The radiomic signature resulting after combining the gray-level mean,
skewness, and autocorrelation values performed the best in classifying PGT, yielding a
high specificity (88.5%), but low sensitivity and accuracy (29.4%, 0.594, respectively) [31].

One study proposed a mixed model that combined four parameters: the 25th percentile
extracted from the ADC map, the 10th percentile extracted from T2-WI, and the type of
contrast enhancement and margins. The model’s accuracy in differentiating BPGT from
MPGT was 80.4% in the training cohort and 89.2% in the validation cohort [32].

A multisequence combined radiomic model presented a higher differentiation per-
formance (BPGT vs MPGT, AUC = 0.863) than the single- or double-sequence radiomic
models (AUC between 0.792–0.855), while the radiomic nomogram reached the highest
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AUC of 0.907 [33]. Liu et al. also proved that adding 2D and/or 3D radiomic features
extracted from T1- and T2-WI to clinical and radiological data improved the diagnostic
performance in differentiating BPGT from MPGT (0.85 AUC for the complex model versus
0.72 AUC for the clinical reference model) [34].

Similarly, to provide a more holistic model, we have also performed a multivariate
analysis using clinical data, MRI features, and the radiomic signature. This integrated
approach improved the diagnostic performance in differentiating BPGT from MPGT, in
comparison to the radiomic signature alone.

Radiomic imaging is under constant development and recent studies aim to propose
new and improved classification algorithms and radiomic signatures. However, there is still
a need to prove how radiomic features can systematically outperform other competitors,
ideally across multiple datasets.

Using multiparametric MRI in assessing PGT has already demonstrated promising
results, currently representing the first-line imaging method in assessing this pathology. Ac-
cording to Zeng et al., using conventional MRI and DWI combined reached 91% diagnostic
accuracy in differentiating between MPGT and BPGT (82% sensitivity and 94% specificity),
while adding DCE MRI to the assessment boosted the accuracy to 96% [35]. This was
confirmed in another study which showed that assessing the tumor shape and capsule
presence on conventional MRI sequences in conjunction with functional MRI features (such
as ADC and TIC patterns) demonstrated great performance: 91.2% accuracy in diagnosing
parotid gland lesions, i.e., higher than the individual diagnostic performance of each MRI
sequence [36].

Our proposed radiomic signature reached a sensitivity of 72% and a specificity of
87.7% in differentiating between BPGT and MPGT and the AUC was 0.852. When clinical–
radiological data were added and a complex model was built, the AUC increased to 0.976.
This supports the idea that radiomics present great diagnostic potential when used in
addition to other imaging features and not just as an individual diagnostic tool [21].

However, the current study presents several limitations. Firstly, there was a relatively
low number of observations, particularly in the MPGT group. This is due mainly to a
generally higher incidence of benign PGT (approximately 80%) [3]. Secondly, although we
were able to split the acquired observations into a training and testing dataset, the obtained
radiomic signature lacks external validation on a new data set from a different institution,
which would have increased the signature’s generalizability. The logistic regressions were
only performed on the training dataset and were not assessed in the testing dataset due
to the low number of cases assigned in the latter, which would not have allowed a fair
regression analysis with statistical significance.

MR images are known to be subject to increased variations in signal intensity between
examinations, which is a main problem in radiomics that requires special consideration [37,38].
As this study was monocentric, all patients were examined in the radiology department
using a standardized MRI head-neck protocol. However, there were still some variations
in the acquisition parameters (TE, TR) and consequently, before PGT segmentation and
feature extraction, all MR images underwent several pre-processing techniques to obtain a
homogenous set of images.

Another important aspect is related to the ability of many texture analysis programs
to extract a high number of radiomic features, which often exceeds the number of samples
and therefore increases the risk of overfitting [11,39]. To counteract this aspect, we have
performed several feature reduction techniques to exclude redundant features. We have
also performed corrections for multiple testing, and p-values were adjusted using a false
discovery rate method such as the Benjamini–Hochberg correction [40].

Some authors report an interobserver variability regarding the segmentation of the
PG, which might impact the value of the extracted radiomic feature [41]. Unfortunately,
this confounder effect was not assessed in the current study, and only the intraobserver
variability was tested.
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Finally, the current study only assessed radiomic features extracted from two conven-
tional anatomical MRI sequences and did not assess other sequences such as diffusion or
perfusion-weighted imaging.

5. Conclusions

The current study proved that radiomic features extracted from MR images and the
proposed radiomic signature are able to discriminate between benign and malignant parotid
gland tumors. An integrated approach using clinical, radiological, and radiomic features
achieved a better diagnostic performance than the radiomic signature alone, suggesting the
current adjuvant role of radiomics as a diagnostic tool. Nevertheless, the validation of the
proposed radiomic model in larger, multicentric studies, is warranted.

Supplementary Materials: The following supporting information can be downloaded at: https:

//www.mdpi.com/article/10.3390/cancers15133319/s1, Table S1: List of the selected radiomic

features able to discriminate between benign and malignant PGT, that were included in the LASSO

regression analysis. Figure S1: Correlogram of the final selected radiomic features (n = 28) using the

Spearman’s correlation.
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Abstract: Viscosity and elasticity represent biomechanical properties of soft tissues that suffer changes

during the pathophysiological alterations of the tissue in various conditions. This study aimed to

determine average viscosity values for the thyroid gland and to evaluate the potential influences of

age, gender and body mass index (BMI), using a recent technique Viscosity Plane-wave UltraSound

(Vi PLUS). A total of 85 healthy Caucasian volunteers (56 women and 29 men, median age of 29 years,

range 17–81 years) were included in this prospective monocentric study conducted between January

2022 and March 2022. Thyroid viscosity was measured using the SuperSonic MACH 30® Ultrasound

system (Aixplorer, SuperSonic Imagine, Aix-en-Provence, France), equipped with a curvilinear C6-IX

transducer that allows simultaneous quantification of the viscosity and stiffness. The mean thyroid

viscosity measurement value was 2.63 ± 0.47 Pa.s. No statistically significant differences were

detected between the left and the right lobes of the thyroid gland. A significant positive correlation

was found between thyroid viscosity and elasticity (r = 0.685, p < 0.0001). There was no statistically

significant correlation between body mass index (BMI) and thyroid gland viscosity and elasticity

values (r = 0.215, p = 0.053; r = 0.106, p = 0.333). No correlation between viscosity and gender was

established (p > 0.05). Vi PLUS represents a new and promising ultrasonographic technique that can

provide helpful information for evaluating the thyroid parenchyma, similar to elastography. The

effect of the potential confounding factors on thyroid viscosity was negligible, except for BMI.

Keywords: viscosity; shear wave elastography; thyroid gland; healthy subjects

1. Introduction

Various ultrasound methods for evaluating the mechanical proprieties of biological
tissues have been widely studied and integrated into daily medical practice throughout
the last decades [1]. Among these methods, shear wave elastography (SWE) has proved to
be a reliable, non-invasive imaging method that allows for the quantitative evaluation of
tissue stiffness [2,3].

Similar to other ultrasonic techniques based on acoustic radiation impulses, SWE
considered that biological tissues are purely elastic, neglecting viscosity [1]. Nevertheless,
biological tissues demonstrate both elastic and viscous proprieties [1,4]. Previous studies,
focused mostly on liver pathologies, have shown that ignoring tissue viscosity leads to
errors in elasticity measurements and may bias information crucial for diagnostics [1,5,6].
Since dispersion links to the frequency dependence of the speed of shear waves (SW) and
the attenuation of SWs, evaluation of the dispersion proprieties of SWs can be used as an
indirect method for measuring viscosity [5,7,8].

The foundation of elastography imaging modalities is that pathological conditions like
inflammation and tumors alter tissue elasticity and viscosity. These changes are reflected in
alterations in the mechanical viscoelastic properties of soft tissues [5].
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Viscosity Plane-wave UltraSound (Vi PLUS) 2D imaging performed via the new
Aixplorer MACH 30 system (SuperSonic Imagine, Aix-en-Provence, France) represents a
2D imaging mode that provides visualization and quantification of tissue viscosity. The
result is a local measurement of the tissue viscosity at each point of interest in an organ,
expressed in pascal second (Pa.s) [6,9].

Thyroid stiffness has been extensively studied using elastography methods, including
SWE and strain elastography, and has become a commonly used parameter in evaluating
thyroid parenchyma in focal and diffuse pathologies [2,3,10,11]. So far, no general reference
values for thyroid viscosity have been established. Therefore, the goal of this study was
to determine normal reference viscosity and elasticity values for the thyroid gland and to
evaluate the influences of age, gender, and body mass index (BMI). A second objective was
to establish a correlation between the viscosity values and the values obtained using 2D
Shear-Wave Elastography PLUS (2D-SWE.PLUS).

2. Materials and Methods

2.1. Study Population

A total of 85 healthy Caucasian volunteers (56 women and 29 men, median age of
29 years, range 17–81 years) were included in this prospective monocentric study conducted
between January 2022 and March 2022 at the Radiology Department, Emergency County
Hospital, Cluj-Napoca, Romania. The subjects were selected from patients referred for neck
ultrasound for non-thyroid pathologies (sialadenitis, lymphadenopathy, temporomandibu-
lar joint disorders, etc.). All the healthy volunteers had normal clinical findings, and normal
ultrasound B mode, and color Doppler findings regarding the thyroid gland. Patients with
a history of thyroid disorders (autoimmune, inflammatory, or thyroid nodules), thyroid
hemiagenesis, or previous exposure to radioiodine therapy were excluded.

This study was approved by the Local Ethics Committee and complied with the World
Medical Association Declaration of Helsinki, revised in 2000, Edinburgh. Written consent
was obtained from all the subjects before study entry.

2.2. Viscosity and Shear-Wave Ultrasound Technique

Viscosity and stiffness measurements of the thyroid parenchyma were performed via
the new SuperSonic MACH® 30 Ultrasound system (Aixplorer, SuperSonic Imagine, Aix-
en-Provence, France). This study involved a single researcher with five years of experience
in sonography.

Vi PLUS mode analyzes the shear wave propagation speed at various frequencies to
provide information about shear wave dispersion within tissues. Acquisitions of viscosity
measurements were done concurrently with the stiffness measurements and utilizing the
same methodology since the Vi PLUS mode is coupled with the SWE mode and cannot be
applied independently.

The subjects were examined in a supine position with the neck extended, facilitated
by the position of a small pillow under the shoulders. No patient preparation was needed.
An initial assessment of the thyroid parenchyma was performed using a high-frequency
linear transducer (SuperLinearTM SL10-2) to evaluate thyroid volume and exclude un-
known pathologies.

Thyroid viscosity and stiffness measurements were performed using the curvilinear
transducer (C6-1X) in the sagittal plane for each thyroid lobe to avoid motion artifacts
produced by the carotid arteries and trachea. First, we obtained an ultrasound B-mode
image with the best gain setting. The probe was placed perpendicularly on the skin surface,
and an abundant amount of gel was used to avoid precompression. The measurements
were taken while the patient was holding his breath, avoiding deep inspiration or the
Valsalva maneuver, which can impact the stiffness of the thyroid parenchyma.

The Vi PLUS mode was activated, and a region of interest was placed at about
1.5–2 cm beneath the skin, with the Vi PLUS box positioned over an area of homoge-
neous parenchyma, free of large vessels or other structures that might interfere with the
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measurements. A 5 mm diameter Q-Box placed in the center of the Vi PLUS box was used to
obtain the measurements after the image had stabilized for 3 s. The quality control standard
for image acquisition was represented by the stability index (SI). If the SI was greater than
90% and the standard deviation was less than 10% of the determined mean viscosity value,
the measurement was deemed valid (Figure 1). The acquisition was performed for each
thyroid lobe three times to obtain three valid viscosity measurements. The three measures
were averaged, resulting in a single value used in subsequent analyses.

–

 

—

Figure 1. 2D-SWE.PLUS (a) and Vi PLUS (b) measurements obtained in the right thyroid lobe of a
healthy volunteer. Vi PLUS box represents a duplicate of the SWE box and for each parameter, a color
scale map is displayed. For the SWE mode (range 0 to 70 kPa), low elasticity is coded in blue and
high elasticity is coded in red. On Vi PLUS mode (range 0 to 5 Pa.s), low viscosity is color-coded in
red, while high viscosity is depicted in white-yellow colors. Simultaneously, quantitative assessment
is displayed on the right side of the image for Vi PLUS (expressed in Pa.s) and for SWE (expressed
in kPa).

2.3. Statistical Analysis

The statistical analysis was performed with a dedicated software: MedCalc Version 20
(MedCalc Software 127 Corp., Brunswick, ME, USA). Descriptive statistics were computed—
for normally distributed quantitative variables (means and standard deviation) and for
non-normal distributed variables (median values and range). Categorical variables were
presented as percentages and numbers. One-way analysis of variance (ANOVA) was used
to assess the difference between the means of several subgroups. For all the tests, the
statistical significance was defined as p < 0.05.
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3. Results

Demographic statistics for the 85 healthy volunteers included in our study are sum-
marized in Table 1.

Table 1. Demographic characteristics of the study group.

Descriptor N (%)/Median (Range)

Total no subjects 85
Female 56 (65.9%)
Male 29 (34.1%)

Age (years) 29 (17–81)
BMI groups

Normal weight range (18.5–24.9) 51
Overweight range (> 25) 33

N = number of subjects; BMI = body mass index.

No significant differences were found between viscosity and stiffness values of the
right and left lobes of the thyroid gland in healthy volunteers (p = 0.524; p = 0.910) (Table 2).
Consequently, the mean measurements of the right and left thyroid lobes were included in
the analysis for each healthy volunteer.

Table 2. Mean viscosity and stiffness values of the right and left thyroid lobes.

Right Lobe Left Lobe

Viscosity (Pa.s)
Mean 2.73 2.64

p = 0.525SD 1.12 0.54
95% CI 2.48–2.97 2.52–2.76

SWE (kPa)

Mean 15.88 15.80
p = 0.911SD 4.24 5.40

95% CI 14.95–16.80 14.61–16.98
SD = Standard deviation, CI = Confidence interval.

The mean viscosity value of normal thyroid parenchyma was 2.63 ± 0.47 Pa.s, and the
mean stiffness value was 15.89 ± 4.25 kPa (Table 3).

Table 3. Mean viscosity and stiffness values of thyroid parenchyma in healthy volunteers.

Viscosity (Pa.s) SWE (kPa)

Mean± SD 2.63 ± 0.47 15.89 ± 4.25
95% CI 2.52–2.73 14.98–16.81

Min 1.53 6.7
Max 3.95 33.65

SD = Standard deviation, CI = Confidence interval, Min = Minimum, Max = Maximum.

There was no statistically significant difference between mean values of viscosity and
stiffness regarding gender groups (p = 0.501; p = 0.655, respectively), (Table 4). No statisti-
cally significant difference was found regarding viscosity between age groups (p = 0.958).
In the age group between 30–50 years, the SWE values were slightly higher (17.22 ± 5.96)
in comparison with the age groups between 17–29 years (15.56 ± 3.84), respectively
51–81 years (15.72 ± 3.73), but did not reach statistical significance as the p value was
0.413 (Table 5).
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Table 4. Mean viscosity and stiffness values of the thyroid parenchyma in the healthy volunteers
group according to gender.

Male Female

Viscosity (Pa.s)
Mean 2.67 2.60

p = 0.501SD 0.59 0.39
95% CI 2.50–2.85 2.48–2.73

SWE (kPa)

Mean 15.60 16.04
p = 0.655SD 4.23 4.29

95% CI 14.03–17.18 14.91–17.18
SD = standard deviation.

Table 5. Mean viscosity and stiffness values of the thyroid parenchyma in healthy volunteers group
based on the age distribution.

Age Group
(17–29)

Age Group
(30–50)

Age Group
(51–81)

Viscosity
(Pa.s)

Mean 2.63 2.65 2.60
p= 0.958SD 0.48 0.50 0.43

95% CI 2.49–2.76 2.41–2.90 2.40–2.81

SWE (kPa)

Mean 15.56 17.22 15.72
p= 0.413SD 3.84 5.96 3.73

95% CI 14.35–16.77 15.03–19.41 13.87–17.57
SD = Standard deviation, CI = Confidence interval.

There was no statistically significant correlation between BMI and thyroid gland
viscosity and stiffness values (r = 0.215, p = 0.053; r = 0.106, p = 0.333).

The thyroid gland viscosity and stiffness values were significantly lower in the nor-
mal weighted volunteers in comparison with overweighted volunteers (2.52 ± 0.44 Pa.s
versus 2.79 ± 0.47 Pa.s, p = 0.009; 15.12 ± 3.90 kPa versus 17.11 ± 4.55 kPa, p = 0.035)
(Figure 2, Table 6).

– – –

– – –

– – –

 

–

– –

– –

Figure 2. Boxplot diagrams illustrating the differences in mean normal viscosity values of thyroid
parenchyma between normal weighted and overweighted groups.
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Table 6. Mean viscosity and stiffness values of the thyroid parenchyma in the healthy volunteers
group according to BMI.

Normal Weighted
(BMI = 18.5–24.9)

Overweighted
(BMI > 25)

Viscosity
(Pa.s)

Mean 2.52 2.79
p = 0.009SD 0.44 0.47

95% CI 2.40–2.65 2.63–2.95

SWE (kPa)

Mean 15.12 17.11
p = 0.035SD 3.90 4.55

95% CI 13.97–16.27 15.67–18.55
SD = Standard deviation, CI = Confidence interval, Min = Minimum, Max = Maximum.

A significant positive correlation was found between viscosity values and stiffness
values for thyroid parenchyma (r = 0.685; p < 0.0001) (Figure 3).

—

–

Figure 3. Correlation between the mean viscosity values and stiffness values of thyroid parenchyma
in healthy volunteers (blue line—trend line).

4. Discussion

Ultrasound SWE has proved to be a helpful diagnostic tool in differentiating between
benign and malignant thyroid nodules, especially when combined with Thyroid Imaging
Reporting Data System (TIRADS) and has a significant role in identifying the thyroid
nodules that can be followed with imaging techniques, reducing the number of fine needle
aspiration (FNA) [3,11–13]. Additionally, previous studies have shown that SWE has the
potential to detect changes in patients with diffuse thyroid diseases, such as autoimmune
thyroiditis, acute thyroiditis and Riedel thyroiditis [2,10,14]. A study by Fukuhara et al.
showed that SWE measurements were significantly higher in patients with chronic autoim-
mune thyroiditis in comparison with healthy volunteers [15]. However, SWE techniques
were focused mostly on evaluating the differences between benign and malignant thyroid
nodules, omitting the viscous component of the parenchyma [12].

Vi PLUS is a recent ultrasound technique that allows the quantification of information
regarding shear wave dispersion within a tissue [5]. The principles of wave propagation,
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where the dispersion is characterized as a compound expression of the poroelastic and
microstructural media proprieties controlled by the complex fibrous multiscale microstruc-
ture of the stroma, give rise to one of the main characteristics of viscoelastic tissues [16].
The viscosity of the environment seems to play an important role, affecting wave phase
velocity, which is dependent on frequency, and wave amplitude which is conditioned by
geometric factors. These changes are described in a highly viscous environment. Neglecting
viscosity leads to bias for the estimation of stiffness, since the effect of wave dispersion
is ignored [16].

In a study by Sugimoto et al. [5], alterations in tissue viscosity correlated to the degree
of inflammation in patients with liver fibrosis. Thus, dispersion slope, which reflects
viscosity, may provide additional pathophysiological insight into diffuse or focal changes
in thyroid parenchyma, especially in the differential diagnosis between focal areas of acute
inflammation and focal areas of chronic inflammation. Rianna et al. [17] evaluated thyroid
viscoelastic proprieties only on experimental models, showing that malignant thyroid cells
tend to be constant regarding viscosity and elasticity proprieties, regardless of substrate
stiffness. In comparison, normal thyroid cells become more rigid as the substrate stiffness
rises, and the dynamic viscosity exhibits a similar pattern.

In light of the existing studies on the liver parenchyma, it seems that the best use of
viscosity lies in determining tissue inflammation and not tumors [5,6,18,19]. Therefore, the
usefulness of viscosity in the evaluation of the thyroid gland as well might be directed
more towards thyroid acute inflammation and not detect or characterize tumors.

To date, only a few studies have evaluated the potential of this recent ultrasound
technique. Muntean et al. [9,20] prospectively evaluated the capability of Vi PLUS in
establishing reference values for the parotid and submandibular glands in healthy subjects
and also evaluated the functional changes in major salivary glands in healthy subjects.
Popa et al. [5] studied the role of viscosity using Vi PLUS mode in patients with liver
steatosis, fibrosis, and inflammation in patients with non-alcoholic fatty liver disease
(NAFLD) and concluded there is an independent association between viscosity values and
liver stiffness values.

To the best of our knowledge, no research has been done to ascertain healthy indi-
viduals’ thyroid gland viscosity measurements so far. Establishing the reference viscosity
value of thyroid parenchyma is the first step in verifying this novel approach and it also
may facilitate early detection of thyroid abnormalities, especially in diffuse inflamma-
tory pathologies.

In our study, we performed three measurements for each thyroid lobe, similar to the
procedure followed by Muntean et al. [9].

No considerable differences were found regarding viscosity and stiffness between
the left and the right thyroid lobes, therefore the mean viscosity and stiffness values
for thyroid parenchyma in healthy volunteers were considered to be 2.63 ± 0.47 Pa.s,
respectively 15.89 ± 4.25 kPa. The mean values for thyroid stiffness were higher in our
study compared to the values reported in previous studies [21,22]. Arda et al. [21] found
in a prospective study that stiffness values of thyroid range between 1–24 kPa, with a
mean stiffness of 10.97 ± 3.1 kPa. One study evaluated thyroid stiffness in the pediatric
population and showed that the SWE values are lower (10.9 ± 1.78) in comparison with the
adult population [13].

Variability regarding the elasticity of the thyroid parenchyma has been previously
reported. It may be related to various technical factors such as vendor-specific implementa-
tions of SWE mode and increased compression of the thyroid parenchyma, also known as
preload [23]. Another possible explanation could be the fact that we used the curvilinear
transducer instead of the linear transducer for measuring the elasticity values, at the time of
the study the Vi PLUS mode and SWE mode were available only on this type of transducer.

In our study, viscosity and stiffness were not significantly affected by gender. This is
in accordance with previous studies that failed to confirm a correlation between gender
and thyroid gland stiffness [21,24].
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The age group between 30–50 years included in our study presented a mean thyroid
elasticity value slightly higher compared with the younger and older age groups but did
not reach statistical significance. This incidental finding might be related to the small
number of subjects included in this age group.

The thyroid gland viscosity and stiffness values were higher for the patients with an
abnormal body mass index. Herman et al. [24] assessed the stiffness of the neck anatomical
structures in a normal population using SWE and found that BMI and weight had no
significant influence on thyroid stiffness.

A significant positive correlation was found between viscosity values and SWE values
for thyroid parenchyma.

Although the diagnostic capabilities of viscosity in identifying acute inflammatory
changes have been proved in previous studies on liver, breast and prostate [16], from the
clinical point of view the utility of this new parameter is still questionable due to the risk
of overdiagnosis.

Combining viscosity with elasticity could result in a more robust imaging approach
that provides a complementary understanding of thyroid alterations, especially in diffuse
inflammatory conditions.

There were several limitations in this study. First, we did not assess intra- and interob-
server reproducibility, all measurements being performed by a single observer. However,
recent studies published by our group [20,25] have shown good intra- and interobserver re-
producibility of applying Vi PLUS method in calculating viscosity to other soft tissues with
similar depth to thyroid parenchyma. Second, no blood tests were performed to confirm
normal thyroid function for the healthy volunteers. Third, this study had a relatively small
number of subjects. However, we tried to include patients from all age groups, but there
was an imbalance in gender distribution with a predominance of female subjects. Fourth,
we used the curvilinear transducer to perform all the measurements, given the fact that the
Vi PLUS mode was only available on this type of transducer. Although higher frequency
transducers are required to determine parenchymal structural changes, this preliminary
study’s main goal was to collect quantitative data regarding thyroid viscosity. We used the
stability index (SI) greater than 90% to make sure that the image acquisition process was
correctly done.

To determine the diagnostic role of this novel technique, further studies with larger
series of subjects should be performed to compare the viscosity values of normal and
pathologic thyroid tissue.

5. Conclusions

In this preliminary study, we used Vi PLUS mode and SWE mode embedded in the
new ultrasound machine to determine the mean viscosity and stiffness values of thyroid
parenchyma in healthy volunteers. Vi PLUS could represent an important tool that can
provide relevant information in respect of the viscous proprieties of biological tissues and
open the gates for a new revolutionary field in ultrasound imaging.
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10. Kara, T.; Ateş, F.; Durmaz, M.S.; Akyürek, N.; Durmaz, F.G.; Özbakır, B.; Öztürk, M. Assessment of thyroid gland elasticity with

shear-wave elastography in Hashimoto’s thyroiditis patients. J. Ultrasound 2020, 23, 543–551. [CrossRef]
11. Liu, Z.; Jing, H.; Han, X.; Shao, H.; Sun, Y.X.; Wang, Q.C.; Cheng, W. Shear wave elastography combined with the thyroid imaging

reporting and data system for malignancy risk stratification in thyroid nodules. Oncotarget 2017, 8, 43406–43416. [CrossRef]
12. Săftoiu, A.; Gilja, O.H.; Sidhu, P.S.; Dietrich, C.F.; Cantisani, V.; Amy, D.; Bachmann-Nielsen, M.; Bob, F.; Bojunga, J.; Brock, M.;

et al. The EFSUMB Guidelines and Recommendations for the Clinical Practice of Elastography in Non-Hepatic Applications:
Update 2018. Ultraschall Med. 2019, 40, 425–453. [CrossRef]

13. Hazem, M.; Al Jabr, I.K.; AlYahya, A.A.; Hassanein, A.G.; Algahlan, H.A.E. Reliability of shear wave elastography in the
evaluation of diffuse thyroid diseases in children and adolescents. Eur. J. Radiol. 2021, 143, 109942. [CrossRef]

14. Zhao, C.K.; Xu, H.X. Ultrasound elastography of the thyroid: Principles and current status. Ultrasonography 2019, 38, 106–124.
[CrossRef]

15. Fukuhara, T.; Matsuda, E.; Izawa, S.; Fujiwara, K.; Kitano, H. Utility of Shear Wave Elastography for Diagnosing Chronic
Autoimmune Thyroiditis. J. Thyroid Res. 2015, 2015, 164548. [CrossRef]

16. Rus, G.; Faris, I.H.; Torres, J.; Callejas, A.; Melchor, J. Why Are Viscosity and Nonlinearity Bound to Make an Impact in Clinical
Elastographic Diagnosis? Sensors 2020, 20, 2379. [CrossRef]

17. Rianna, C.; Radmacher, M. Comparison of viscoelastic properties of cancer and normal thyroid cells on different stiffness
substrates. Eur. Biophys. J. 2017, 46, 309–324. [CrossRef]

18. Sugimoto, K.; Moriyasu, F.; Oshiro, H.; Takeuchi, H.; Yoshimasu, Y.; Kasai, Y.; Itoi, T. Clinical utilization of shear wave dispersion
imaging in diffuse liver disease. Ultrasonography 2020, 39, 3–10. [CrossRef]

19. Deffieux, T.; Gennisson, J.L.; Bousquet, L.; Corouge, M.; Cosconea, S.; Amroun, D.; Tripon, S.; Terris, B.; Mallet, V.; Sogni, P.; et al.
Investigating liver stiffness and viscosity for fibrosis, steatosis and activity staging using shear wave elastography. J. Hepatol.

2015, 62, 317–324. [CrossRef]
20. Muntean, D.D.; Lenghel, M.L.; Petea-Balea, D.R.; Ciurea, A.I.; Solomon, C.; Dudea, S.M. Functional Evaluation of Major Salivary

Glands Using Viscosity PLUS and 2D Shear-Wave PLUS Elastography Techniques in Healthy Subjects-A Pilot Study. Diagnostics

2022, 12, 1963. [CrossRef]
21. Arda, K.; Ciledag, N.; Aktas, E.; Aribas, B.K.; Köse, K. Quantitative assessment of normal soft-tissue elasticity using shear-wave

ultrasound elastography. AJR Am. J. Roentgenol. 2011, 197, 532–536. [CrossRef]
22. Ferraioli, G.; Barr, R.G.; Farrokh, A.; Radzina, M.; Cui, X.W.; Dong, Y.; Rocher, L.; Cantisani, V.; Polito, E.; D’Onofrio, M.; et al.

How to perform shear wave elastography. Part I. Med. Ultrason. 2022, 24, 95–106. [CrossRef]
23. Ozturk, A.; Zubajlo, R.E.; Dhyani, M.; Grajo, J.R.; Mercaldo, N.; Anthony, B.W.; Samir, A.E. Variation of Shear Wave Elastography

with Preload in the Thyroid: Quantitative Validation. J. Ultrasound Med. 2021, 40, 779–786. [CrossRef]
24. Herman, J.; Sedlackova, Z.; Vachutka, J.; Furst, T.; Salzman, R.; Vomacka, J. Shear wave elastography parameters of normal soft

tissues of the neck. Biomed. Pap. Med. Fac. Univ. Palacky Olomouc Czech Repub. 2017, 161, 320–325. [CrossRef]
25. Dulgheriu, I.T.; Solomon, C.; Muntean, D.D.; Petea-Balea, R.; Lenghel, M.; Ciurea, A.I.; Dudea, S.M. Shear-Wave Elastography

and Viscosity PLUS for the Assessment of Peripheric Muscles in Healthy Subjects: A Pre- and Post-Contraction Study. Diagnostics

2022, 12, 2138. [CrossRef]

http://doi.org/10.1109/TUFFC.2019.2962789
http://www.ncbi.nlm.nih.gov/pubmed/31899421
http://doi.org/10.4274/jcrpe.galenos.2018.2018.0137
http://www.ncbi.nlm.nih.gov/pubmed/30362325
http://doi.org/10.3390/diagnostics12010109
http://doi.org/10.1055/s-0033-1335205
http://doi.org/10.1016/j.ultrasmedbio.2018.05.008
http://www.ncbi.nlm.nih.gov/pubmed/29936025
http://doi.org/10.3390/diagnostics11050783
http://www.ncbi.nlm.nih.gov/pubmed/33926073
http://doi.org/10.1364/OL.43.001582
http://doi.org/10.1016/j.ultrasmedbio.2014.09.028
http://doi.org/10.11152/mu-3397
http://doi.org/10.1007/s40477-020-00437-y
http://doi.org/10.18632/oncotarget.15018
http://doi.org/10.1055/a-0838-9937
http://doi.org/10.1016/j.ejrad.2021.109942
http://doi.org/10.14366/usg.18037
http://doi.org/10.1155/2015/164548
http://doi.org/10.3390/s20082379
http://doi.org/10.1007/s00249-016-1168-4
http://doi.org/10.14366/usg.19031
http://doi.org/10.1016/j.jhep.2014.09.020
http://doi.org/10.3390/diagnostics12081963
http://doi.org/10.2214/AJR.10.5449
http://doi.org/10.11152/mu-3217
http://doi.org/10.1002/jum.15456
http://doi.org/10.5507/bp.2017.024
http://doi.org/10.3390/diagnostics12092138


4.73.0

Shear-Wave Elastography and
Viscosity PLUS for the Assessment
of Peripheric Muscles in Healthy
Subjects: A Pre- and Post-
Contraction Study

Ioana-Teofana Dulgheriu, Carolina Solomon, Delia Doris Muntean, Raluca Petea-Balea,

Manuela Lenghel, Anca Ileana Ciurea and Sorin Marian Dudea

Article

https://doi.org/10.3390/diagnostics12092138

https://www.mdpi.com/journal/diagnostics
https://www.scopus.com/sourceid/21100852989
https://www.ncbi.nlm.nih.gov/pubmed/?term=2075-4418
https://www.mdpi.com/journal/diagnostics/stats
https://www.mdpi.com
https://doi.org/10.3390/diagnostics12092138


Citation: Dulgheriu, I.-T.; Solomon,

C.; Muntean, D.D.; Petea-Balea, R.;

Lenghel, M.; Ciurea, A.I.; Dudea, S.M.

Shear-Wave Elastography and

Viscosity PLUS for the Assessment of

Peripheric Muscles in Healthy

Subjects: A Pre- and Post-Contraction

Study. Diagnostics 2022, 12, 2138.

https://doi.org/10.3390/

diagnostics12092138

Academic Editor: Giorgio Treglia

Received: 22 July 2022

Accepted: 30 August 2022

Published: 2 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diagnostics

Article

Shear-Wave Elastography and Viscosity PLUS for the
Assessment of Peripheric Muscles in Healthy Subjects:
A Pre- and Post-Contraction Study

Ioana-Teofana Dulgheriu , Carolina Solomon *, Delia Doris Muntean, Raluca Petea-Balea, Manuela Lenghel,

Anca Ileana Ciurea and Sorin Marian Dudea

Department of Radiology, “Iuliu Hatieganu” University of Medicine and Pharmacy,
400012 Cluj-Napoca, Romania
* Correspondence: carolinasolomon12@gmail.com

Abstract: Viscosity is a novel parameter, recently introduced in the use of elastographic techniques,
correlating to shear-wave dispersion. The purpose of this study was to provide normal reference
viscosity values for the peripheral muscles in healthy volunteers. This prospective study included
38 subjects who underwent US examinations between November 2021 and January 2022. Measure-
ments were taken on the calf and the deltoid muscles in both pre- and post-contraction states. The
age range was 21–29 years, with a median of 26 years. The SWE and ViPLUS values in the deltoid
muscles were significantly higher than in the soleus muscles in both pre- and post-contraction sets
(p = 0.002). There were statistically significant differences between the pre- and post-contraction
values for both the SWE and ViPLUS values in the subgroup analysis. The ICC estimates and the
95% confidence intervals were based on a mean rating (k = 2), an absolute agreement, and a two-way
random-effects model, demonstrating excellent agreement between the measurements taken by the
two examiners.

Keywords: musculoskeletal ultrasound; elastography; viscoelasticity; ViPLUS; novel techniques

1. Introduction

Elastography is a novel, non-invasive ultrasound application used to assess tissue
stiffness. The values obtained can be qualitative or quantitative, differing in the underlying
physical mechanism and further dividing the method into the following two categories:
strain elastography and shear-wave elastography (SWE). Shear-wave velocities are mea-
sured after the propagation of high-frequency acoustic pulses in a transverse direction from
the transducer [1]. The general principle is that shear waves move faster through more
rigid tissues. The tissue rigidity is expressed in absolute values, meters per second (m/s),
or calculated using the Young’s modulus in kilopascals (kPa). In order to calculate Young’s
modulus, the machine assumes that the tissue density is linear, constant, and isotropic [2].
However, soft tissues are nonlinear, heterogeneous, anisotropic, and viscoelastic. Viscosity
is an ignored parameter in the current use of elastographic techniques. Viscosity correlates
to the shear-wave dispersion [3]. Various methods have been developed to assess the tissue
viscoelastic properties by measuring the shear-wave dispersion and attenuation, especially
in dedicated phantom models or in the liver [4–9].

Anisotropy is a well-known property of skeletal muscles that depends on the angle
of insonation of the incident ultrasound beam. Additionally, the skeletal muscle tissue
is a viscous material, and this feature has an effect on the mechanics of passive muscle
extensions. The behavior of viscoelastic materials under uniaxial loading has been long
represented by different conceptual models, known as rheological or mechanical models,
such as the Maxwell model or the Voigt model [10]. Adding viscosity to the medium
will also affect the tissue stiffness measured as an effect of dispersion. Isotropy and
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homogeneity assumptions can also be broken at tissue interfaces, where wave reflection can
cause erroneous measurements. As Van Loocke et al. [11] and Wheatley et al. [12] showed
in their proposed constitutive models, the viscoelastic component plays an important role in
muscle mechanics. The elastic behavior of muscles is nonlinear and transversely isotropic,
with the stiffest direction in the fiber direction [11]. Chen et al. [13] presented a model to
measure viscosity using ultrasound radiation force to generate cylindrical shear waves of
certain frequencies in dedicated phantoms. As Romano et al. [14] correctly observed, there
are numerous protocols and general factors that prevent the standardization of the muscle
SWE measurements.

Many manufacturers have developed elastography techniques for their machines, but
no consensus concerning the measurements and cut-offs exists. A great range of normal
SWE values are reported but without clear reference values.

Studies on muscle elastography suggest that this technique can provide important
information on the mechanical properties of muscles and detect particular changes in
different pathologies [15–17]. Elastography can quantify alterations related to inflammation,
degeneration, injury, healing, and treatment response [1,18].

The EFSUMB Guidelines and Recommendations mention an increase in the number
of studies using musculoskeletal elastography and recommend it as an alternative to elec-
tromyography in neurologic disorders or as a complementary method in the diagnosis and
surveillance of inflammatory myopathies [19]. There are also studies that show statisti-
cally significant differences in the values of contracted muscles compared to their relaxed
state [16]. A few studies exist on the viscoelastic properties of muscles [20–22].

The purpose of this study was to provide normal reference viscosity values for the
peripheral muscles in healthy volunteers. The primary objective was to assess the existence
of different viscosity values in muscles in pre- and post-contraction states. The secondary
objective was to compare the SWE and the Viscosity Plane-Wave Ultrasound (ViPLUS)
values in order to evaluate the correlation between the two methods and to analyze the
inter-observer variability of the values on the same machine. To the best of our knowledge,
the present study is the first to attempt to provide normal muscle reference viscosity values.

2. Materials and Methods

A prospective, monocentric study was performed between November 2021 and Jan-
uary 2022. The study comprised 38 healthy and young volunteers, with no known mus-
cular pathologies. Subjects with neuromuscular diseases or musculoskeletal injuries were
excluded. The images were obtained on an Aixplorer MACH® ultrasound machine (Super-
sonic Imagine, Aix-en-Provence, France) with a curvilinear transducer model C6-1X using
a B-mode ultrasound, SWE elastography, and ViPLUS. The imaging parameters were as
follows: maximum transducer frequency available; optimization, resolution; persistence,
medium; color box, minimum dimensions available; ROI diameter, 5 mm; depth, 2 cm. The
transducer used was the only one with a ViPLUS mode available.

2.1. Image Acquisition

Two examiners with five and four years of experience in ultrasound, respectively,
performed the measurements for each subject on the same day with a 15-min pause between
the measurement sets. The subjects were instructed to refrain from performing physical
activity for 24 h prior to the examination. Before the examination, the subjects were asked
to rest for 30 min and adjust to the room temperature. Measurements were made on the
right calf (soleus) and the right deltoid muscles of each volunteer. For the deltoid muscle, a
relaxing position was defined as a flexed elbow and the arm resting on a pillow. For the calf
measurements, the subjects were laid in a prone position with their knees fully extended.
Firstly, the transducer was oriented parallel to the longitudinal axis of the muscle fibers
and an optimal B-mode image was obtained. Then, the SWE and ViPLUS modes were
activated with minimum compression used, avoiding vessels and interfascial planes. The
locations that achieved less than a 90% stability index (SI) or more than a 10% standard
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deviation were rejected. The acquisition depths were set at 2 to 2.5 cm from the skin surface
for the deltoid and at 3–4 cm from the skin in the midportion of the muscle belly for the
soleus muscles. The elastographic color box was adjusted to the minimum dimensions
available and placed in the center of the image with the regions of interest (ROIs) in the
center. Following the stabilization of the hand, the probe, and the image for 3–5 s, the
values were measured as follows: three measurements in a neutral position with relaxed
muscles and three measurements after 30 s of sustained continuous contractions. To obtain
a homogenous, reproducible contraction in all subjects, the contraction was obtained by
holding a 3-kg dumbbell weight in a 90-degree horizontal position for the deltoid muscle
(as shown in Figure 1) and by pointing the toes forward whilst resisting an elastic band and
holding the tension, for the calf muscles (Figure 2). The SWE measurements were expressed
in kilopascals (kPa) as a mean and standard deviation (SD). The ViPLUS mode provides a
color-coded map and a quantitative expression of the values in pascal-seconds (Pa.s) as
a mean, median, minimum, maximum, and SD. Underneath these values, the depth of
the Qbox, the ROI diameter, and the SI are shown. The mean values of the consecutive
measurements obtained were used to assess the muscle rigidity and viscosity.

 

Figure 1. Sustained (30-s) deltoid contraction obtained by holding a 3-kg dumbbell weight.

 

Figure 2. Sustained (30-s) calf muscle contraction obtained by pointing the toes forward, resisting the
elastic band, and holding the tension.

2.2. Statistical Analysis

The statistical analysis was conducted with the MedCalc Statistical Software version
20 (MedCalc Software Corp., Brunswick, ME, USA) and the GraphPad Prism v. 8.0.1 for
Windows (GraphPad Software, San Diego, CA, USA) at a significance level of 5%.

The Kolmogorov–Smirnov and Shapiro–Wilk tests were used to evaluate the nor-
mality of the data. The normally distributed quantitative data were presented as a
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mean ± standard deviation (SD). The non-normally distributed data were presented as
a median and range. A paired t-test was used to assess for differences in the means be-
tween the subgroups. The Wilcoxon matched-pairs signed-rank test was used for the
non-normally distributed data. The relationship between the SWE data and the ViPLUS
was investigated using the Pearson’s correlation coefficient, and the Spearman rank correla-
tion was used for the non-normal distribution. The size of the correlation was interpreted
as very low (<0.19), low (0.2–0.39), moderate (0.4–0.59), high (0.6–0.79), and very high
(0.8–1.0). A one-way analysis of variance (ANOVA) was performed to compare the effects
of sex or body mass index (BMI) on the SWE and ViPLUS measurements.

The reproducibility was assessed by determining the ICCs (Intraclass Correlation
Coefficients) as follows: a low level of agreement is close to 0, and a high level of agreement
tends to be 1. ICC values of ≥0.9 indicate excellent reliability; values between 0.75 and
0.9 indicate good reliability; values between 0.5 and 0.75 indicate moderate reliability;
values less than 0.5 are indicative of poor reliability.

3. Results

Thirty-eight healthy subjects were studied (30 women and 8 men; age range = 21–29 years;
median = 26 years). The median BMI was 20.98 (ranging from 17.85 to 34.88). The main
demographic characteristics are presented in Table 1. A one-way ANOVA revealed that
there were no statistically significant differences in the SWE and ViPLUS measurements
related to gender (p = 0.518). Figures 3 and 4 show examples of the measurements in
different subjects with all of the parameters described accordingly.

Table 1. Descriptive statistics of subjects’ demographics.

Variables
All Samples (n = 38)

Median Range
(Min–Max)

Male (n = 8)
Median Range

(Min–Max)

Female (n = 30)
Median Range

(Min–Max)

Age (years) 26 (21–29) 24 (21–28) 27 (21–29)
BMI (kg/m2) 20.98 (17.85–34.88) 25.78 (19.5–34.88) 20.5 (17.8–27.5)

Abbreviations: BMI, body mass index; n, total number of subjects; median range expressed as minimum–
maximum values.

Table 2 provides the muscle measurements in both the pre- and post-contraction sets.
The SWE and ViPLUS values in the deltoid muscles were significantly higher than in the
soleus muscles in both the pre- and post-contraction sets (p = 0.002). The same trend was
observed for the ViPLUS values, as shown in Figure 5.

Table 2. Descriptive statistics of muscle mechanical properties.

Variables

Deltoid
(Precontraction)

Mean ± SD
95% CI of Mean

Deltoid
(Postcontraction)

Mean ± SD
95% CI of Mean

Soleus
(Precontraction)

Mean ± SD
95% CI of Mean

Soleus
(Postcontraction)

Mean ± SD
Median (Range)
95% CI of Mean

25–75% Percentile

SWE (kPa/s)
22.2 ± 4.4
[21.2–23.2]

24.9 ± 5.3
[23.6–26.1]

13.1 ± 4.7
[12–14.1]

14.2 (4.2–31.7)
[25% 11.3–75% 18.5]

ViPLUS (Pa.s)
2.9 ± 0.5
[2.8–3]

3.1 ± 0.5
[3–3.2]

2.1 ± 0.5
[1.9–2.2]

2.4 ± 0.6
[2.3–2.6]

Abbreviations: SWE, Shear-Wave Elastography; kPa/s, kiloPascal/second; ViPLUS, Viscosity Plane-Wave Ultra-
sound; Pa.s, Pascal.second; SD, Standard Deviation, CI, Confidence Interval.
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Figure 3. B-mode image with an elastogram of the deltoid muscle in a healthy volunteer. Longitudinal
plans of the deltoid muscle as follows: relaxed (a) and after contraction (b). The regions of interest
(ROIs) were placed in the box when the homogenous coloring of the box was obtained with a stability
index of over 90%. The top image in each set reflects the SWE mode, and the bottom image reflects
the ViPLUS application. ROI values are expressed in kPa for SWE and Pa.s for ViPLUS.
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Figure 4. B-mode image with an elastogram of the calf muscle in a healthy volunteer. Longitudinal
plans of the calf muscles as follows: relaxed (a) and after contraction (b). The regions of interest
(ROIs) were placed in the box when the homogenous coloring of the box was obtained with a stability
index of over 90%. The top image reflects the SWE mode, and the bottom image reflects the ViPLUS
application. ROI values are expressed in kPa for SWE and Pa.s for ViPLUS.
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Figure 5. Boxplot showing the tissue elasticity (a) and viscosity (b) of the deltoid and soleus muscles
measured in the longitudinal plane before and after contraction. p < 0.05, a significant difference
between the two sets of measurements.

There were statistically significant differences between the pre- and post-contraction
values in both the SWE and ViPLUS in the subgroup analysis, shown in Table 3.

Table 3. Paired group comparisons of elastographic and viscosity values between the pre- and
post-contraction.

Variables

Deltoid SWE
Comparison Pre/Post

Contraction
Paired t-Test

Deltoid ViPLUS
Comparison Pre/Post
Contraction PAIRED

t-Test

Soleus SWE
Comparison

Pre/Post Contraction
Wilcoxon

Matched-Pairs
Signed-Rank Test

Soleus ViPLUS
Comparison

Pre/Post Contraction
Paired t-Test

t,df 4.72, 75 2.56, 75 4.48, 75
* p value

(two-tailed)
<0.0001 0.0124 0.0003 <0.0001

r (correlation
coefficient), p value

(one tailed)
0.5, <0.0001 0.4, 0.0006 0.6, <0.0001 0.3, 0.0147

Abbreviations: SWE, Shear-Wave Elastography; ViPLUS, Viscosity Plane-Wave Ultrasound; t, t-value of the paired
t-test; df, degrees of freedom. * p value is significant at <0.05 level.

There was a moderate to high correlation between the SWE and ViPLUS values in all
subgroups, shown in Table 4 and Figure 6.
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Table 4. Multiple correlations between the elastography and viscosity values.

Correlation Coefficient
[95% Confidence Interval]

Significance Level p *
(Two-Tailed)

Deltoid ViPLUS
Precontraction

Deltoid ViPLUS
Postcontraction

Soleus ViPLUS
Precontraction

Soleus ViPLUS
Post-Contraction

Deltoid SWE precontraction
Pearson r = 0.48

[95% CI 0.28–0.63]
p < 0.0001

Deltoid SWE postcontraction
Pearson r = 0.57
[95% CI 0.4–0.7]

p < 0.0001

Soleus SWE precontraction
Pearson r = 0.63
[95% 0.48 = 0.75],

p < 0.0001

Soleus SWE postcontraction
Spearman r = 0.75

[95% 0.63–0.83],
p < 0.0001

Abbreviations: SWE, Shear-Wave Elastography; ViPLUS, Viscosity Plane-Wave Ultrasound; CI, Confidence
Interval; r, Pearson/Spearman correlation coefficient; * p value is significant at <0.05 level.

 

Figure 6. Scatter plot observing the relationship between the elastographic and viscosity data
in both muscle groups in pre- (a,c) and post-contraction (b,d), showing a moderate to high
positive correlation.

The ICC estimates and the 95% confidence intervals were based on a mean rating
(k = 2), an absolute agreement, and a two-way random-effects model, as shown in Table 5,
demonstrating excellent agreement between the measurements taken by the two examiners.
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Table 5. Results of the ICC calculations using a mean of two raters, an absolute agreement, and a
two-way random-effects model [23].

Intraclass Correlation Coefficient

Intraclass
Correlation b

95% Confidence Interval F Test with True Value 0

Lower
Bound

Upper
Bound

Value df1 df2 Sig

Single
Measures

0.912 a 0.891 0.929 21.671 303 303 0.000

Average
Measures

0.954 0.942 0.963 21.671 303 303 0.000

Abbreviations: df, degrees of freedom; Sig, significance. A two-way random-effects model where both the people
and the measured effects are random. a. The estimator is the same, whether the interaction effect is present or not.
b. Type A intraclass correlation coefficients using an absolute agreement definition.

4. Discussion

The purpose of the present study was to provide normal reference viscosity values
for two different muscle groups in a relaxed and post-contraction status (Table 2). We
also measured the normal SWE values, which are close to the values obtained in the
literature. For example, for the relaxed soleus muscles, our mean value was 13.1 ± 4.7 kPa.
Akkoc et al. [24] obtained a value of 13.4 ± 3.5 kPa and Ferraioli et al. [25] obtained a value
of 14.5 kPa.

Our primary objective was met; we found statistically significant differences in the
subgroup analysis between the pre- and post-contraction sets. We also found higher values
in the deltoid muscle compared to the soleus muscle in both the ViPLUS and the SWE
values (Table 3; Figure 5). The boxplot in Figure 5 provides a visual summary of the data,
easily identifying the mean values, the dispersion of the sets, and the occasional skewness.
In the viscosity boxplot for the soleus group, the median line in the post-contraction group
lies outside of the pre-contraction box, showing a likely difference between the two groups.
In all of the other boxes, the median line does not lie outside of the comparison box but
corresponds to a statistically significant different value in each case. The box lengths
(the interquartile ranges) tend to vary more in the viscosity boxplot, suggesting more
dispersed data.

Muscle stretching could be an explanation for the increase in muscle stiffness. Our
results support other published observations in the literature, which show an increase
in stiffness in post-exercise values compared with the pre-exercise values [16]. Naka-
mura et al. [26] observed that stretching for more than 2 min decreases muscle stiffness. In
our study, the second set of measurements was taken immediately after a 30-s contraction.
Gennisson et al. [20] assessed the anisotropic nature of the muscles by using SWE during
muscle contractions, as well as in a passive extension. Chen et al. [13] presented a model to
measure viscosity using an ultrasound radiation force but observed that tissue inhomogene-
ity can cause a reflection of the shear waves and, consequently, imprecise measurements.
Studies [27] performed on the active stretching of the muscles have shown a linear increase
between the SWE measurements and the progressive contractions. The same principle was
observed in our study, with statistically significant greater values in both the SWE and
ViPLUS modes. The reliability appears to be higher for superficial muscles in comparison
to deeper muscles as the attenuation of the acoustic pulses and tracking waves increases at
greater depths [14].

The ViPLUS modulus provided by the Aixplorer MACH 30 system analyzes the shear-
wave propagation speed in order to give information concerning shear-wave dispersion in
the tissues. Concerning our secondary objective, the relationship between the elastographic
and viscosity data showed a positive moderate to high correlation (Figure 6).

Previous studies have indicated that the shear-wave velocity is sensitive to the probe
position with respect to the direction of the fascicle plane. In a study of reproducibility of
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SWE values on the gastrocnemius medialis and tibialis anterior, Cortez et al. [28] demon-
strated a fair-to-excellent interoperator reliability for measurements in the longitudinal
plane, but a poor one for the transverse ones. The shear modulus in the longitudinal
direction has been shown to be linearly related to passive and active muscle forces [29].
Romano et al. [14] described two protocols, one in a routine clinical setting and a dedicated
protocol aiming for low muscle extension with statically significant lower variability, indi-
cating the importance of precise member positioning in relaxed states. Similar to Romano
et al., Lacourpaille et al. [30] described a protocol with various subject positioning using
alternate degrees of muscle extension and reported good intra- and inter-observer reliability.
Chino et al. [31] also obtained higher stability images in the longitudinal plane with a lower
coefficient of variance (CV), showing better repeatability in the longitudinal measurements.
This was the reason why we only took the measurements in a single location, in the longi-
tudinal plane, avoiding vessels and fascia. In our study, for the deltoid muscle, patients
were placed supine, with their elbow resting on a pillow and their arm bent at 90 degrees,
a position that avoided passive stretching. However, for the soleus muscle, the prone
position with knees fully extended presents a greater chance of passive stretching. We
can hypothesize that as the overall stress–strain behavior of the muscle depends on fiber
orientation and distribution, the viscoelasticity being an intrinsic parameter may generate
anisotropy from a structural perspective, as both the elasticity and viscosity increase with
contraction. The results from Looke et al. [11] suggest that the influence of the viscoelastic
component is greater in the direction of the muscle fiber, as the fluid component moves
easier along the fibers than across them. However, studying the relationship between
viscosity and anisotropy is beyond the scope of this study; further studies are needed to
give an answer to this inquiry.

An important limitation of our study is the rather small size of the sample (38 sub-
jects). Ultrasound elastography, in general, is considered to be an operator-dependent
technique. The development of various systems and the imaging methods available make
homogenization difficult. However, the ICC showed excellent reproducibility between the
measurements taken by the two sonographers, suggesting a very reproducible technique.
There are other factors to consider, such as the reproducibility of the protocol; caution is
needed when evaluating the same patients multiple times as reference values have to be
clearly defined for a specific technical setup (the same machine, the same transducer, and,
preferably, the same sonographer).

Dominance effects were not considered in our study, all the measurements were
performed on the right arm and the right calf of the subjects.

Another limitation is using the curvilinear probe, as it was the only one available
for the ViPLUS examination. High-frequency shear waves travel faster, so the measured
viscosity of the muscle can also vary with frequency [1]. A possible technical limitation
is reading the values in kilopascals, as they are susceptible to tissue heterogeneity and
less precise compared to meters per second [32]. Further studies with linear transducers
are mandatory to confirm these reference viscosity values and to assess the structural
alterations in patients with musculoskeletal pathology.

5. Conclusions

The lack of standardization in muscle SWE measuring techniques still poses difficulty
in using it as a reliable diagnostic method. Nowadays, a definitive diagnosis for neuromus-
cular diseases is based on muscle biopsy and genetic testing. However, for an experienced
sonographer with a rigorously planned protocol, SWE and the novel ultrasound technique
ViPLUS have great potential in monitoring the effectiveness of treatments, diagnosing
muscle inflammatory disease. By quantifying the changes in the mechanical properties of
the muscles, SWE and ViPLUS may become a reliable non-invasive biomarker.
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Abstract: We report a case of a 52-year-old woman who was referred to our institution with a superior

vena cava syndrome and was investigated through echocardiography, CT and MRI revealing a well-

defined, encapsulated pericardial mass. The pathology, correlated with the immunohistochemical

analysis, concluded it was an extremely rare primary pericardial synovial sarcoma. The patient

underwent surgery and chemotherapy with a 16-month disease-free survival and passed away after

a contralateral aggressive relapse. Moreover, we discuss the role of each imaging modality together

with their pericardial synovial sarcoma reported features.

Keywords: synovial sarcoma; pericardium; intrapericardial mass; superior vena cava syndrome;

cardiac tamponade

1. Introduction

Primary pericardial tumor is an uncommon, extremely rare disorder. Pleuro-pericardial
cyst and lipomas are by far the most common benign pericardial masses, while mesothe-
lioma is the most frequently encountered malignant tumor.

Primary pericardial sarcomas are a group of extremely rare malignancies which include
in order of frequency: angiosarcomas, undifferentiated sarcomas, leiomyosarcomas and,
exceptionally, synovial sarcomas.

To the best of our knowledge, there are less than 15 published cases of primary
pericardial synovial sarcomas in the last decade [1,2].

Synovial sarcoma (SS) accounts for up to 10% of all soft tissue sarcomas and usually
affects older children and young adults. It arises commonly around the knee and the ankle,
while the neck, abdomen, pleura and lungs are less common locations [3].
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Even if substantial advances were made in terms of SS natural history and behavior, its
prognosis is still scarce [4]. SS is considered a high-grade sarcoma with an overall survival
rate of 50.8% at 10 years.

2. Case Report

We report a case of a 52-year-old woman who was referred to our institution with a
superior vena cava syndrome (dyspnea, jugular vein distension, facial, neck and left upper
limb edema). An echocardiography was performed and showed a large intrapericardial
mass surrounded by a substantial amount of fluid. Furthermore, cardiac CT and MRI
highlighted the mass location and mass effect related with the surrounding mediastinal
structures. The large mass was situated anterior to the right side of the heart, close to
the superior right pulmonary vein, compressing the superior vena cava, right atrium and
right ventricle. A heterogeneous solid mass with late, heterogeneous enhancement was
noted on both CT and MRI exams (Figure 1). The tumor seemed to be located within the
pericardium, with no coronary artery or cardiac cavity invasion.

Figure 1. (A): Echocardiography; (B): computer tomography with contrast enhancement—coronal

plane; (C): MRI—coronal, axial and sagittal T2 WI; There is a large, inhomogeneous, enhancing

intrapericardial mass, surrounded by fluid, with marked compressive effect on the superior vena

cava and right heart cavities (arrows). No intracavitary or endoluminal invasive aspects are present.

On echocardiography and dynamic sequence MRI (cine sequences), the interventric-
ular septum displayed a paradoxical motion with the right atrium and ventricle being
collapsed and dyskinetic. All the above-mentioned characteristics represented indirect
signs of cardiac tamponade.

The cardiovascular surgeons opted for an immediate surgical excision without prior
biopsy. The surgical approach included a longitudinal pericardiotomy which revealed an
encapsulated stiff mass (Figure 2). The tumor appeared to arise at the level of the right
pulmonary vein pericardial recess and extended throughout the entire anterior aspect
of the right heart. Total tumor resection was possible without intra- or postoperative
complications. The excised tissue weighed 300 g and measured 10/8/5 cm.
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Figure 2. Intraoperative findings: a large, encapsulated mass developed along the entire right aspect

of the heart. (A): Preoperative image; (B): Postoperative image: the SVC can be identified by the blue

thread around it.

The pathology report (Figures 3 and 4) described interlacing fascicles of spindle cells
with myxoid changes. Tumoral cells displayed a monotonous, uniform pattern with the
predominance of rounded, large nuclei. Less than 50% of examined tissue presented
necrotic or hemorrhagic areas. Immunohistochemistry revealed a high mitosis index (Ki67
intensely positive) and positive reactivity for the following markers: cytokeratin AE1/3,
cytokeratin 7, epithelial membrane antigen (EMA), vimentin, S100, CD99 and Bcl2. Staining
for desmin and CD34 was negative. The FISH test for the t (X; 18) (p11.2; q11.2) genetic
change proved negative and was used to accurately exclude other differentials.

Figure 3. Surgical specimen of the first tumor—gross macroscopic appearance.
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Figure 4. Histopathological findings of the surgical specimen: (A): Ki67 immunoreactivity highlights

a high-grade sarcoma; (B): high-magnification view of the synovial sarcoma; H&E.

The final report concluded that the tumor was a grade 3 monophasic poorly differenti-
ated synovial sarcoma.

After surgery, the patient was submitted to six cycles of chemotherapy following the
MAID protocol (MESNA doxorubicine, ifosfamide, dacarbazine) with acceptable tolerance.

There were 14 months disease-free with negative follow-up imaging (Figure 5). Four
months later, the patient complained of fatigue, chest pain and exertional and at rest
dyspnea. She was referred to our department where echocardiography, CT and MRI
examinations showed tumoral relapse (Figure 6). The tumor was located adjacent to the left
atrium and ventricle, and pulmonary artery trunk, and was extending inferiorly between
the right and left pulmonary veins and superiorly towards the inferior surface of the aortic
arch (Figure 5). A partial thrombosis of the superior lobar branch of the right pulmonary
artery was depicted. The pulmonary veins appeared compressed but permeable. The tumor
covered the left circumflex and the anterior interventricular coronary artery. There were no
signs of recurrence on the site where the primary tumor was located. Debulking surgery
was performed, with incomplete removal of the tumor mass, due to the myocardium and
coronary arteries’ involvement. Pathology analysis described the second tumor as a grade
3, poorly differentiated monophasic synovial sarcoma; this time categorized as high-grade
with S100 negative and calretinin positive markers, in many more areas than before. The
FISH test was again negative for the t(X; 18) (p11.2; q11.2) but positive for BCL-2 genetic
change. The patient was discharged 10 days after surgery with no notable complications,
but unfortunately, she passed over two months later.

Figure 5. At 14 months, follow-up axial coronal and axial CT images postcontrast enhancement

revealed no local relapse.
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Figure 6. At 18 months, a follow-up CT with contrast enhancement—axial (upper images) and

coronal (lower images) plane reveals a homogeneous tumor relapse near the left heart border (arrows),

invading the left atrium, right superior pulmonary vein and periaortic root.

3. Discussion

Monophasic synovial sarcoma of the pericardium is an extremely rare malignant
tumor with challenging diagnosis and an unpredictable outcome.

One vital differential diagnosis is represented by sarcomatoid mesothelioma, especially
in older patients. Distinguishing between the two entities is of utmost importance since
the clinical management is completely different [4]. The chromosomal translocation (X; 18)
(p11.2; q11.2) is found in almost all (>90%) SS [5] while BCL-2 immunohistochemical
analysis is found in 0–8% of sarcomatous mesothelioma and a much higher percentage of
SS [6,7]. Our patient had two negative FISH tests for the chromosomal translocation t(X; 18)
(p11.2; q11.2) but a positive immunohistochemical BCL-2 analysis. Pathologists considered
that there was enough material examined and the immune-morphologic features were
conclusive for a complete diagnosis.

Recent data report histology and grading as important prognostic factors for synovial
sarcoma patients. Furthermore, a worse prognosis was observed for monophasic patients
and grade 3 tumors (all p < 0.05) [8], as in the case of our patient.

Another important aspect for appropriate surgical management is represented by an
accurate report of the tumor boundaries, location and relation with surrounding structures.
In the few cases reported in the literature, echocardiography was used as the first-line
imaging tool, showing in most of the cases only pericardial effusion. CT and MRI are
second-line imaging modalities used to provide more accurate tumor characterization, thus,
being able to guide the surgical procedures.

While the echocardiography usually highlights pericardial effusion and a solid, well-
defined mass, the imaging characteristic on CT and MRI are variable. Authors reported
masses with ill-defined margins, invading the surrounding structures, with homogeneous
or heterogeneous aspect on postcontrast enhancement sequences. On MRI, a mass with
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slightly hyper-T2 signal intensity was observed and reported by two papers, including
our case.

The role of PET CT in stratifying soft tissue sarcoma patients is still controversial. The
latest data report significant differences in SUV uptake among the different subtypes of
sarcoma. Synovial and myxoid sarcoma of the extremities seem to have low SUV uptake
(<10.3) on PET CT, questioning its role in follow-up, relapsing or recurrent disease [9]. For
the pericardial location, the results are contradictory, with max SUV reported between 3–13,
ranging from mild to high uptake [10,11]. Thus, the role of PET-CT in the follow-up of
patients with pericardial synovial sarcoma, still remains debatable Table 1.

Table 1. Pericardial synovial sarcoma—reported imaging features.

Author/Year General Aspect Size (cm) US *
CT/CT

Angiography
MRI PET CT

Gerry Van der
Mieren

et al./2004

Recurrent
mediastinal mass
Ill-defined mass

2.4/2.3 N/A
Mediastinal mass
Pleural metastasis

Ill-defined mass
Slightly hyper T2 SI

N/A

Gayatri
Ravikumar
et al./2011

Heterogeneous,
invading mass

9/9/2 N/A
Heterogeneous,
invading mass

N/A N/A

Yufan Cheng
et al./2012

Heterogeneous,
invading

mediastinal mass
8/8/2 N/A

Heterogeneous
mediastinal mass

N/A N/A

Prajakta Phatak
et al./2014

Heterogeneous
pericardial mass

N/A

Pericardial
effusion

Right atrium
collapse

Heterogeneous
mass within

pericardial cavity
N/A N/A

Hyo Chul Youn
et al./2016

Thickened
pericardium

6.3/10.1
Pericardial

effusion

Pericardial
effusion with

thickened
pericardium

N/A N/A

Jose
Duran-Moreno

et al./2019

Heterogeneous,
pericardial,

invading mass
8.1/5.6

Pericardial
effusion + mass

Mass adherent
from the

pericardium

Inhomogeneous,
mass with cardiac

involvement

Mild FDG uptake
SUV Max 3.1

Kirsten Y Wong
et al./2020

Homogeneous,
invading mass

11/10/8 N/A
Homogeneous
mass invading

coronaries

Myocardium
invasion

FDG avid mass
SUV max13

Ammar Farook
Chapra

et al./2021

Heterogeneous,
invading

pericardial mass
13.5/5

Pericardial
effusion

Heterogenous
mediastinal mass

abutting aorta
and heart

Pericardial mass
invading pleura
and diaphragm

FDG avid mass
SUV N/A

Manole Simona
et al./2021

Heterogeneous,
well-defined,

pericardial mass
Homogeneous
relapse mass

10/8/5
Pericardial mass

Pericardial
effusion

Heterogeneous,
encapsulated

mass

Well-defined
pericardial mass

with iso- and hyper
T2 SI

N/A

* US = echocardiography; SI = signal intensity; N/A = not reported; References [6,8,12–17].

There are a few distinct features in our case when compared to the literature review:
first, the lack of invasive aspects—in spite of an aggressive histological subtype of the
primary tumor, the mass appeared well defined, encapsulated and occupying only the
pericardium, sparing cardiac cavities and blood vessels; second, despite the fact that the
primary tumor was very large, the patient survived three times the mean survival length of
6 months compared with the literature reports [13]; third, the pericardial mass was depicted
also on echocardiography and last, this is the first reported contralateral aggressive relapse.

Particularly, the margins reported on imaging play an important role in the surgical
management of all sarcomas. From a macroscopic point-of-view, MRI is the imaging
modality of choice in assessing the tumor irregular surface and invasion in the surrounding
structures. Regarding the microscopic evaluation of margins, a “free margin” of <2 cm
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in width is a practical recommendation for all soft tissue sarcomas [18], but virtually
impossible to reach in cases with primary pericardial location.

Our patient presented with well-defined, circumscribed margins on all imaging modal-
ity assessed, including MRI; but the peculiar location within the thin pericardium did not
allow the pathologist to report any “free-margins”, even if the tumor did not invade the
extra-pericardial structures.

4. Conclusions

This case report emphasizes the importance of prompt clinical suspicion, accurate
histopathological diagnosis and the use of appropriate immunohistochemistry markers in
the diagnosis of this rare tumor with an unusual location. Pericardial synovial sarcoma
may present with various imaging characteristics on echocardiography, CT and MRI and
should be included in the differential diagnosis of well-defined pericardial masses.
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ABSTRACT

This manuscript describes the use of ultrasound elastography,

with the exception of liver applications, and represents an

update of the 2013 EFSUMB (European Federation of Societies

for Ultrasound in Medicine and Biology) Guidelines and

Recommendations on the clinical use of elastography.

ZUSAMMENFASSUNG

Diese Arbeit beschreibt den Einsatz der Ultraschall-Elastogra-

fie mit Ausnahme der Leberanwendungen und ist eine Aktua-

lisierung der Leitlinien und Empfehlungen der EFSUMB

(European Federation of Societies for Ultrasound in Medicine

and Biology) von 2013 zum klinischen Einsatz der Elastografie.

ABBREVIATIONS

SE strain elastography
SWE shear wave elastography
pSWE point shear wave elastography
TE transient elastography
IQR interquartile range
IQR/M interquartile range/median
ARFI acoustic radiation force impulse
BIRADS Breast Imaging Reporting and Data System
TIRADS Thyroid Imaging Reporting and Data System
TI thermal index
MI mechanical index
SR strain ratio
SH strain histogram
EFSUMB European Federation of Societies for Ultrasound

in Medicine and Biology
ECMUS European Committee of Medical Ultrasound

Safety
WFUMB World Federation for Ultrasound in Medicine and

Biology
LoE levels of evidence
GoR grades of recommendation

1. Introduction
This manuscript describes the use of ultrasound elastography,
with the exception of liver applications, and represents an update
of the 2013 EFSUMB (European Federation of Societies for Ultra-

sound in Medicine and Biology) Guidelines and Recommendations
on the clinical use of elastography. A taskforce comprising
32 EFSUMB members was established in 2017 to draft a manu-
script derived and updated from the previous EFSUMB guidelines
on elastography: part 1 (Basic Principles and Technology) and
part 2 (Clinical Applications) [1, 2]. For each recommendation
levels of evidence (LoE) and grades of recommendation (GoR)
were also included to show the clinical role and value of elastogra-
phy in various non-liver applications. These were assigned accord-
ing to the Oxford Centre for Evidence-based Medicine criteria
(http://www.cebm.net/oxford-centre-evidencebased-medicine-
levels-evidence-march-2009/). A consensus opinion was estab-
lished by vote as follows: strong consensus (> 95 %), broad con-
sensus (> 80 %), with approval, disapproval or abstaining from
each participant. The manuscript was prepared initially by e-mail
communication and was discussed in a consensus meeting in
Frankfurt am Main, Germany, during February 2018.

2. Training
EFSUMB maintains a policy to attain high quality in all aspects of
ultrasound education and to promote excellent professional
standards in the practice of elastography. EFSUMB has defined
three levels of competence, defined in the document on minimal
training requirements [3], and these training levels also apply to
the application of elastography. To ensure high-quality scanning
and the lowest possible intra-operator variability, EFSUMB recom-
mends that ultrasound elastography should be performed by
operators that have passed competence Level 1. This is particu-
larly relevant to the evaluation of focal lesions present in various
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organs as these lesions must be first assessed by B-mode and
Doppler ultrasound [4]. However, it is possible to train dedicated
personnel to selectively perform elastography, e. g. for the thyroid
gland [5]. Nevertheless, there has to be an appreciation of the dif-
ference between acquisition and interpretation of elastography,
as the latter also requires knowledge of the patient’s clinical his-
tory, hematological and biochemical parameters, and other com-
parative imaging findings. Furthermore, experience in ultrasono-
graphy is important as this influences the ability to perform
shear wave measurements, particularly in obese patients [6]. For
all ultrasound operators it is important to follow international
guidelines, obtain adequate knowledge and training, and to
perform elastography in accordance with national medico-legal
regulations.

RECOMMENDATION 1

The operator should obtain adequate knowledge and training

in ultrasonography and elastographic methods and perform

the examination within the medico-legal framework of the

specific country (LoE 5, GoR C) (For 20, Abstain 0, Against 0).

3. Terminology
Terminology of ultrasound elastography has been widely accep-
ted [1, 7]. In the following, we briefly refer to the distinction be-
tween strain elastography (SE) and shear wave elastography
(SWE), which includes acoustic radiation force impulse (ARFI)
based techniques and transient elastography (TE). All available
ultrasound elastography methods employ ultrasound to measure
the internal tissue shear deformations resulting from an applied
force but the type of force is important. If the force varies slowly
relative to the shear propagation time to the depth of interest, as
is the case for transducer palpation or physiological motion, it is
considered quasi-static. The signal processing within the scanner
for all current commercial ultrasound elastography methods
begins with the measurement of tissue displacement as a function
of spatial position and time, which is performed using cross-corre-
lation tracking, Doppler, or other signal processing. The various
elastography methods differ importantly according to what they
do with these displacement data, to create an elastogram or elas-
ticity measurement.

According to the EFSUMB guidelines, there are two options for
the property displayed [8, 9]:
▪ Display tissue strain or strain rate, calculated from the spatial

gradient of displacement or velocity respectively, as in SE. SE is
a type of quasistatic elastography, because the applied force
varies slowly, while the acquired images are qualitative for
tissue properties.

▪ Display shear wave speed, calculated by using the time varying
displacement data to measure the arrival time of a shear wave
at various locations. There are a number of such methods,
which are grouped under the heading SWE, and include tran-
sient elastography (TE), point shear wave elastography (pSWE)

and multidimensional SWE (2D-SWE and 3D-SWE). These are
based on either a transient shear deformation induced by a
controlled applied force (TE) or by quantification of tissue
displacement induced by acoustic radiation force impulse
(ARFI) [8, 9].

Most SE ultrasound systems do have an indicator (quality index)
displayed in real time, indicating that the degree of compres-
sions/decompressions is appropriate to generate repeatable and
reproducible SE images [7 – 11]. The pressure and direction of
compressions can be changed by the examiner, especially for
external ultrasound procedures, with the compressions/decom-
pressions needed by most systems being less than 2 %. Quality
factors for the shear wave speed estimate are available also for
the 2D-SWE techniques. For ARFI-based techniques, an approach
similar to that of TE has been employed to assess the quality of the
measurement, including the interquartile range (IQR) values (i. e.
the difference between the 75th and 25th percentile) and
IQR/median. Assessment is considered reliable when the IQR is
less than 30% of the median [8, 9]. The values obtained for SWE
vary between different machines and are not interchangeable.

For more terminology and quality assurance details, refer to
the EFSUMB and WFUMB guidelines on the use of elastography
[1, 2, 7 – 11].

4. Safety
Elastography needs a “push” to the organ of interest that can be
produced either mechanically or acoustically and may be quasi-
static or dynamic. Different techniques are commercially available
for the measurement of elastic values for an increasingly wide
range of clinical applications. It is essential to know the principle
of each of the techniques and how it is applied to understand the
implications for patient safety [1– 3]. A possible risk depends on
the technology or type of elastography used and its anatomical
application.

4.1 Methods

Techniques which utilize a mechanically induced force to generate
SE, strain rate imaging, TE and time harmonic elastography (which
uses external vibrations at multiple frequencies to create com-
pound shear wave speed maps) share the same output issues as
conventional B-mode ultrasound examination [1]. Therefore,
applications of TE measuring quantitative stiffness data were
demonstrated to be feasible for children to assess not only liver
stiffness data [12, 13] but also spleen stiffness measurement
[14] with no increased risk. Also, there is new evidence that
patients with cardiac pacemakers or implantable cardioverter
defibrillators, have a low potential to be harmed by TE applica-
tions [15, 16].

Acoustically induced techniques which require push pulses
(known as ARFI imaging, ARFI quantification, pSWE, SWE [2]) on
the other hand operate with higher output (higher TI and MI
values) [17, 18]. The safety profile is comparable with pulse-
wave Doppler mode and the acoustic output will depend on the
applied sequence and repetition of pushing and tracking pulses.
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A certain amount of energy is required to displace the tissue, even
a few microns, using acoustic radiation force to generate shear
waves within the tissue (longer pulses of up to 1000 μs are need-
ed, as compared to short pulses up to 2 μs for diagnostic
ultrasound) [8, 9]. The number of push pulses and repetitions dur-
ing the measurement determine the amount of energy deposited
in the tissue. Simulations have revealed a possible temperature
rise of about 5 degrees Celsius if bone is present or sensitive tis-
sues such as the eye and a fetus are involved with the temperature
maximum at the focus [19 – 21]. Also, tracking beams, repeated
with high frequencies, use pulse pressures close to the upper
Food and Drug Administration limit (MI ≤ 1.9) to ensure a suffi-
cient signal-to-noise ratio for reliable detection [22]. During
ARFI imaging, the displayed indices (MI and TI) may be underesti-
mated.

RECOMMENDATION 2

To comply with safety, the ALARA (as low as reasonably

achievable) principle should be applied when using ultra-

sound elastography (LoE 2b, GoR B) (For 18, Abstain 2,

Against 0).

RECOMMENDATION 3

Caution is recommended for shear wave elastography using

long pulse sequences, particularly when exposing sensitive

tissues (LoE 2b, GoR B) (For 19, Abstain 1, Against 0).

5. Breast

5.1 Background

Breast elastography is used for differentiating benign focal lesions
from suspicious focal lesions – benign lesions have low stiffness,
while malignant lesions have high stiffness. Both strain and shear
wave methods have been evaluated for improving the generally
high sensitivity and specificity of the Breast Imaging Reporting
and Data System (BIRADS) and it is recommended that they are
used as add-ons to the regular B-mode examination.

5.2 Methods

5.2.1 Strain elastography

SE images in breast ultrasound may be evaluated visually using
the Tsukuba score (also known as the Itoh or Ueno score) [23],
semi-quantitatively using strain ratio (SR) or strain histograms
(SH) [24] or by the lesion size on elastography divided by the
lesion size on B-mode ultrasound (E/B ratio) [25]. An optimal
elastogram includes the glandular tissue, the surrounding fat,
and the lesion [11].

The Tsukuba score is a five-point visual scale, where the lesion
is scored according to the extent of stiff tissue. A lesion not stiffer

than the surrounding tissue is designated as 1, a value of 2 or 3 is
assigned to lesions with increasing proportions of stiff tissue, a
value of 4 is assigned to a lesion that is stiffer throughout, and
5 indicates that the stiffness extends beyond the margins of the
mass seen on B-mode. The best cut-off point for discriminating
benign from suspicious masses has been shown to be a score
between 3 and 4 [26 – 28]. It has been shown that SE, in addition
to B-mode ultrasound, increases the specificity of the examina-
tion (up to 97%) and helps to avoid unnecessary biopsies [29].

Anechoic lesions with liquid content show a typical three-
layered echo-pattern in SE, called the Blue Green Red (BGR) sign.

5.2.2 Shear wave elastography

For SWE, findings are measured in m/s but may also be reported in
kPa depending on the system used. As for SE the optimal image
should include the lesion, fat and the glandular tissue. Malignant
tumors tend to be more heterogeneous and stiffer than benign
tumors. Often the stiffness seems to be most marked at the per-
iphery of the mass and may demonstrate such high values that
the system is unable to record a measurement.

5.3 Clinical Applications

5.3.1 Evaluation of breast masses

An early study using SR in 99 nonpalpable benign and malignant
breast masses established an optimal cut-off of 2.24 and stated
that the higher the SR, the higher the risk of malignancy [30].
The cut-off for SR has since been evaluated in several studies
with different systems and is incomparable between different
vendors, as seen in other organ applications. In a recent meta-
analysis [31], the accuracy of SR was evaluated based on 9 studies
(2087 tumors) with a sensitivity of 0.88 and a specificity of 0.83.
The E/B ratio (ratio of the lesion size with SE to the lesion size with
B-mode ultrasound) increases with increasing tumor grading,
with low grade tumors having a ratio close to 1 [11].

In the BE1 multicenter study SWE results were studied retro-
spectively and several parameters were examined. One finding of
the study was that the addition of SWE resulted in some BIRADS 3
lesions appearing stiffer and potentially allowed for an upgrade to
a 4a mass, requiring a biopsy. If SWE had been included and used
in this way, the overall sensitivity and specificity would have
increased to 98.6 % and 78.5 % versus 97.2 % and 61.1 % for
B-mode ultrasound alone [32]. Increasing stiffness has also been
shown to correlate with increasing tumor grading [33 –36].

In cysts with pure liquid, no signals are obtained from the shear
waves and the lesion is seen as black. However, in cysts with a
higher viscosity shear wave signals may be obtained depicting
the cyst as having a low stiffness.

5.3.2 Evaluation of axillary lymph nodes

Both SWE and SE have been used in the evaluation of axillary
lymph nodes, with one study reporting a sensitivity and specificity
of 82.8 % and 69.6 %, respectively, using SWE to distinguish
between benign and malignant lymph nodes using a cut-off of
1.44m/s [37]. Using SE, the sensitivity was 60% and the specifici-
ty was 79.6 % for the diagnosis of malignancy [38]. Another study
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compared the AUROC for elastography with the AUROC for con-
ventional B-mode ultrasound. The values were 62 % and 92 %,
respectively, and no significant improvement was shown when
elastography was added to B-mode ultrasound (AUC: 93%) [39].

5.3.3 Prognosis

The key factors for prognostic information are provided by histo-
logical and pathological analysis, based on cancer sub-typing and
also immuno-histochemical analysis. Univariate analysis has dem-
onstrated a significant correlation between stiffness of a breast
cancer and prognostic factors. For SWE, studies reported an
increased stiffness for cancer grading of more malignant tumors,
larger lesion size, tumor and lympho-vascular invasion in invasive
breast cancer. Triple-negative carcinomas (testing negative for
oestrogen, progesterone and HER2 receptors), which are often
evaluated with BIRADS 3 on B-mode ultrasound, are quite difficult
to assess in clinical practice. SWE is reported to show increased
stiffness in these cases and can lead to the correct assessment
[33 – 35, 40].

A study reporting the analysis of 396 breast cancers showed
that SWE is an independent predictor of lymph node metastasis
when using E-mean (mean elasticity values for a defined region
of interest) as a descriptor. When the breast cancer had E-mean
< 50 kPa, only 7 % of the lymph nodes were metastatic, whereas
41 % of the lymph nodes were positive when E-mean was higher
than 150 kPa [41].

5.3.4 Efficacy of neoadjuvant therapy

The tumor response to neoadjuvant chemotherapy may be eval-
uated with different imaging modalities. In a study with a small
sample size of 15 patients, the possibility of predicting response
to neoadjuvant chemotherapy with SE was reported [42]. How-
ever, larger studies for SE using commercially available systems
are not available. A significant correlation between response to
treatment and the decrease in heterogeneity and tumor stiffness
has been reported [43, 44]. Currently, imaging methods other
than elastography should be used in the evaluation of tumor
response to neoadjuvant chemotherapy.

5.4 Limitations and artifacts

Pre-compression with the transducer should be avoided as this
increases the stiffness of all tissues. Normal fatty tissue has
E-mean values ranging from 5 – 10 kPa (using SWE) if the scale is
from 0 – 180, although the color scale may be changed. If the
color changes according to these values, the pre-compression
should be adjusted [45].

RECOMMENDATION 4

Ultrasound elastography could be used to increase diagnostic

confidence in the characterization of a breast lesion (LoE 2a,

GoR B) (For 20, Abstain 0, Against 0).

RECOMMENDATION 5

A BIRADS 3 lesion appearing stiffer on breast ultrasound elas-

tography should be considered for biopsy (LoE 2a, GoR b)

(For 20, Abstain 0, Against 0).

6. Prostate

6.1 Background

The screening standard for prostate abnormalities has been the
combination of digital rectal examination and the serum prostate
specific antigen (PSA) level. However, PSA screening leads to a
substantial number of unnecessary biopsies in patients with no
or indolent cancer who do not need immediate treatment [46]
and has a high false-negative rate (17 – 21 %) [47]. Saturation
biopsy (up to 40 cores) can rule out prostate cancer, but has
many limitations, including cost and morbidity, and over-diagno-
sis of microscopic tumor foci [48]. SE and SWE assessment and
identification of stiff prostatic tissue with a transrectal ultrasound
approach can be useful as described in previous elastography
guidelines [1].

6.2 Methods

6.2.1 Strain elastography

Hypoechoic stiff lesions of the prostate are suspicious for malig-
nancy [49]. Slight compressions are induced using the transrectal
transducer. The use of an inflatable balloon has been suggested to
improve the standardization of compressions. The elastography
box should cover the entire gland and the surrounding tissues,
but avoid the bladder. Semi-quantitative information can be
derived by measuring the SR between two regions of interest.

Using stepwise scanning of the prostate from base to apex, SE
allows detection of stiff regions and provides stiffness compari-
sons between lesions and the adjacent prostatic tissue. Most stud-
ies report a significant improvement in prostate cancer identifica-
tion with SE, including guidance for targeted biopsies [50 – 53].
However, there are still controversies and one recent study re-
ported the inability to differentiate prostate cancer from chronic
prostatitis [54]. The sensitivity, specificity, negative predictive val-
ue, positive predictive value, and accuracy for identifying cancer
index lesions for focal therapy were 58.8 %, 43.3 %, 54.1 %,
48.1 %, and 51.6 %, respectively [55]. Though improvement in
biopsy guidance is reported in many studies [53, 56, 57], others
did not confirm this result [58].

6.2.2 Shear wave elastography

Unlike SE, SWE requires no compression on the rectal wall [59].
Optimized settings include maximizing penetration and setting
up an appropriate scale. The image can cover the entire gland in
the transverse section when the prostate is not markedly en-
larged. Otherwise, each side of the prostate is imaged separately
from base to apex for review and measurements of elastography
values. For each plane, the transducer is maintained in a steady
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position until the image stabilizes. Hypoechoic stiff lesions are
suspicious for malignancy. The ratio between the mean elasticity
values of two regions can be calculated.

In young healthy subjects the entire prostate exhibits a uni-
form low stiffness appearance with low elasticity values [60, 61].
In benign prostate hyperplasia, the peripheral zone remains
homogeneous with low stiffness, while the central and transition
zones become heterogeneous and stiff, particularly when there
are calcifications. Typical benign peripheral lesions have a similar
stiffness as the surrounding normal parenchyma, while cancers
are stiff [60, 61]. The best cut-off stiffness value to maximize the
negative predictive value for malignant lesions was found to be 35
and 37 kPa in two studies with 2D-SWE [57, 58] with a sensitivity,
specificity, PPV and NPV of 63 %, 91%, 69.4 %, and 91%, respec-
tively. The SWE ratio provided additional information as it consid-
ers the increased stiffness of the peripheral zone from calcifica-
tion and chronic prostatitis. The ratio showing the best accuracy
to differentiate between the nodule and the adjacent peripheral
gland for benign and malignant lesions was 1.5 ± 0.9 and 4.0 ±
1.9, respectively (p < 0.002) [61].

6.3 Clinical applications

Several studies indicate that elastography provides useful addi-
tional information to conventional transrectal ultrasound for pros-
tate cancer detection. Applications that have been more exten-
sively investigated include the characterization of abnormal
areas, the detection of lesions not seen with any previous imaging
technique and biopsy targeting. Additionally, elastography could
be combined with other imaging techniques in the same exami-
nation to address the heterogeneous growth pattern of prostate
cancer. Improvement in detection and prediction of cancer was
seen during multiparametric ultrasound when elastography is
used as a triage test followed by contrast-enhanced ultrasound
or as an adjunct during image fusion of magnetic resonance
imaging and transrectal ultrasound [62– 65].

6.4 Limitations and artifacts

Both techniques suffer from intrinsic limitations: not all cancers
are stiff and not all stiff lesions are cancers (particularly in the
presence of calcifications and fibrosis). The transrectal technique
carries an intrinsic risk of inadvertently applying excess pre-com-
pression because of the end fire arrangement of the transducer.

Limitations of SE include the non-uniform force over the gland
and intra- and inter-operator dependency. 2D-SWE has additional
limitations such as a slower frame rate and the small elasticity box
which only allows examination of half the gland at a time.

RECOMMENDATION 6

Transrectal ultrasound elastography of the prostate could be

used to identify suspicious target regions for biopsy in order

to increase the diagnostic yield of biopsy (LoE 2b, GoR b)

(For 20, Abstain 0, Against 0).

7. Thyroid

7.1 Background

Chronic thyroiditis and malignant tumors increase diffuse or focal
thyroid stiffness [66]. Elastography is emerging as a potential indi-
cator for these abnormalities and may provide additional informa-
tion to support clinical decision-making.

7.2 Classification systems – TIRADS

Accurate estimation of the malignancy risk by ultrasound could
help to select thyroid nodules with a high risk of cancer for fine
needle aspiration and biopsy (FNAB). More recently, an assess-
ment concept called “grading system” or “reporting system”
termed “Thyroid Imaging Reporting and Data System” or TIRADS
has emerged, allowing thyroid nodules to be classified into
categories related to their ultrasound patterns [66 – 74].

7.3 Methods

SE is the initial method which has been implemented on most
commercially available ultrasound systems, thus evidence is quite
consolidated on this topic, with a number of studies and meta-
analyses being published [75 – 81]. More recently, SWE has
become available for thyroid evaluation with multiple studies
reported [82 – 85].

7.4 Clinical applications

7.4.1 Strain elastography

Two different methods of assessing SE outcome have been report-
ed, namely semi-quantitative scoring systems involving five, four,
or two color patterns respectively [86–88] and SR, which compares
the strain values of the nodule to those of the surrounding thyroid
parenchyma (parenchyma-to-nodule ratio) or the surrounding
muscles (muscle-to-nodule ratio) [4, 89]. Although no consensus
has been reached about the cut-off values to use for SR (as low as
1.5 for benign nodules and as high as 5 for malignant nodules have
been suggested), it has been shown that the SR has a lower inter-
observer variability and is more easily learned than simple color pat-
terns [4]. Importantly, most studies on SE were performed in selec-
ted populations with a high prevalence of malignant nodules. It has
been shown that SE has a lower sensitivity and specificity in a low-
risk population [4, 90]. Furthermore, tumors other than papillary
carcinomas may have an unexpectedly low stiffness [4, 91, 92]. In
patients with coexistent diffuse thyroid disease, the role of SE in
detecting malignant nodules has still not been validated [4]. The
most recent meta-analysis [81] included 13 studies on SE performed
from 2007 to 2016, with sensitivities ranging from 48% [93] to 97%
[94] and specificities ranging from 64 % [95] to 100 % [94]. The
pooled sensitivity and specificity of the meta-analysis was 84 %
(95 %CI, 76 % – 90%) and 90 % (95 % CI, 85 % – 94%), respectively,
with pooled accuracy of 94% (95%CI, 91% –96%).

7.4.2 SWE

The mean SW elasticity for malignant thyroid nodules is 19.60 –
52.18 kPa with a reported cut-off value of 26.6 – 65 kPa [96 –
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104]. For benign nodules the mean elasticity is lower at 15.3 – 28
kPa [96 – 104]. Studies included nodules from 2 – 71mm and
most were papillary carcinomas. Therefore, cut-off values have a
wide range and a single threshold cannot be established [82, 83,
85]. The sensitivity for SWE has been reported as 63.8 – 93.8 %,
and the specificity as 50 – 88.2 % [96, 97, 100, 102, 104 – 106].
The most recent meta-analysis [82] included 14 studies and
2851 thyroid nodules with cut-off values ranging from 26.6 to
85.2 kPa. It concluded that 2D-SWE has a fairly good diagnostic
accuracy although the sensitivity and specificity are average.
Studies using ARFI indicated that it enables the evaluation of tis-
sue stiffness and the mean SWE velocity for malignant nodules is
3.13 – 3.9m/s [96, 107 – 111] with a cut-off value 2.15 – 3.77m/s
[96, 107 –111]. Interestingly, a recent meta-analysis [81] showed
that SE and SWE are not significantly different in terms of sensitiv-
ity (SWE pooled sensitivity = 79 % [95 %CI, 73% – 84%]) but SE is
superior to SWE in terms of specificity (SWE pooled specifi-
city = 87% [95%CI, 79% –92%]) and accuracy (SWE pooled accu-
racy = 83% [95%CI, 80% – 86%]).

7.5 Limitations and artifacts

The thyroid is among the most extensively investigated non-liver
application after the breast. Nevertheless, the relevance in the
malignant/benign differential diagnosis remains unclear. Recent
American Thyroid Association and Korean guidelines do not con-
sider stiffness as an indicator of malignancy. However, elastogra-
phy was recently mentioned by both the French TIRADS and the
EU-TIRADS as a complementary imaging tool [70, 112]. Thus,
elastography should not replace B-mode US assessment but
should be used as a complementary tool for assessing nodules
for fine-needle aspiration, especially due to its high negative
predictive value (only 3 % false-positive results) [70].

RECOMMENDATION 7

Ultrasound elastography of the thyroid could be used as part

of nodule characterization, particularly with use of semi-

quantitative methods (LoE 2A, GoR A) (For 17, Abstain 3,

Against 0).

8. Pancreas

8.1 Background

Elastographic properties of the pancreas may be studied with a
transabdominal approach, as well as with an endoscopic or intra-
operative ultrasound approach. Pancreatic transabdominal ultra-
sound elastography requires clear visualization of the gland
(which is not always possible with external ultrasound), whereas
endoscopic ultrasound (EUS) is a minimally invasive technique
that provides high-resolution images of the pancreas, with the
close vicinity of the transducer and the pancreas avoiding artifacts
(fat, gas, etc.).

8.2 Methods

For the elastographic assessment of the pancreatic parenchyma
and focal pancreatic lesions, SWE [7, 113 – 133] as well as SE
[7, 119, 120, 123, 124, 131, 134 – 177] may be used. Transab-
dominal elastography can be performed both by using SE with
qualitative and semiquantitative information, and SWE with quali-
tative and quantitative data. EUS can be performed currently only
with SE techniques with qualitative and semi-quantitative evalua-
tion [178]. For the semi-quantitative approach, both SR and SH
can be used in order to obtain an estimate of the elasticity [153].

The normal pancreas has a uniform intermediate stiffness
throughout the head, body, and tail [123, 124, 129, 130, 132].
Embryologically, the pancreas develops from two primordia, a
dorsal and a ventral part. With SE, elasticity properties seem to
be almost similar in the two parts of a healthy pancreas with a
homogeneous low stiffness appearance [158]. Studies in normal
volunteers affirmed that the mean wave velocity value obtained
in a healthy pancreas with the ARFI technique is approximately
1.40m/s [114].

8.3 Clinical applications

8.3.1 Effect of aging, gender, anatomical segment, and
other variables

With advancing age, pancreatic elasticity may decrease as has
been shown consistently for SE [134] and SWE [121, 129, 131].
Data on the influence of gender, body mass index (BMI), and pan-
creatic echogenicity are not consistent, with most studies demon-
strating no significant influence of these variables on shear wave
velocity [113, 116, 121, 129, 131]. One study using SE with SH
analysis showed lower mean strain values in patients with a hyper-
echoic pancreas and higher BMI [134]. In another study shear
wave velocity was significantly lower in men compared to women
[129].

8.3.2 Acute pancreatitis

The consistency of the pancreatic parenchyma usually becomes
stiffer in acute pancreatitis as compared to the healthy pancreas,
which is identifiable with SE and SWE, including ARFI [116]. Ne-
crosis is identified as a low stiffness area. However, studies using
elastographic techniques in patients with acute pancreatitis are
conflicting [116, 130, 179, 180]. One prospective study failed to
find significant differences in pancreatic shear wave velocities be-
tween patients with acute pancreatitis and healthy volunteers
[130]. Three other studies showed significantly higher pancreatic
shear wave velocities in patients with acute pancreatitis compared
to persons with a normal pancreas [116, 179, 180]. In one of
these studies, shear wave velocities of patients with acute
pancreatitis were higher than in chronic pancreatitis patients
[179]. Another prospective study compared transabdominal ARFI
imaging with B-mode ultrasound and computed tomography (CT)
at hospital admission for the diagnosis of acute pancreatitis. SWE
was more accurate (100%) for the diagnosis of acute pancreatitis
than CT (76%) and B-mode ultrasound (53.4 %). The authors were
able to identify segmental involvement of the pancreas as well as
parenchymal necrosis [180].

431Săftoiu A et al. The EFSUMB Guidelines… Ultraschall in Med 2019; 40: 425–453

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



8.3.3 Chronic pancreatitis

Qualitative SE displays the pancreatic parenchyma in chronic
pancreatitis with a heterogeneous colored (honeycombed) pat-
tern, with predominantly stiffer strands. Nevertheless, differential
diagnosis between chronic pancreatitis and pancreatic tumor can
be challenging during elastography because both diseases have a
similar stiffness. Therefore, elastography alone is not able to
distinguish chronic pancreatitis from malignant tumors [164].

Both SWE and SE may be used to assess pancreatic fibrosis and
chronic pancreatitis and in particular to grade the severity of
fibrosis (based on simple scoring systems with 4 grades) and
chronic pancreatitis [115 – 117, 122 – 124, 127, 131, 136, 138,
142, 146, 151, 164, 167, 169, 170, 179, 181 – 185]. In patients
with chronic pancreatitis, pancreatic shear wave velocities
[116, 124, 127, 131, 186], SR [148] and SH [146] are significantly
higher than in healthy volunteers or patients with a normal
pancreatic parenchyma. Several studies have shown a significant
correlation between SWE [117, 123, 184] and semi-quantitative
SE [138, 167, 169, 185] and histological pancreatic fibrosis stage.
Moreover, SWE [122, 124, 169] and SR [141] are significantly
correlated with stages of chronic pancreatitis derived from
EUS-based criteria for the diagnosis of chronic pancreatitis.
Another recent study showed significantly higher pancreatic SWE
velocities in patients with clinical markers of severe disease
(disease duration > 10 years, chronic analgesic treatment, lower
body weight) [127]. A direct relationship between the SR of
pancreatic parenchyma and low stiffness peripancreatic tissue
and the probability of pancreatic exocrine insufficiency was
shown in a study using EUS-SE [136]. Another study reported an
inverse correlation between preoperative SW velocity and post-
operative exocrine function in patients undergoing pancreatic
resection [117].

EUS elastography might be helpful in identifying patients with
autoimmune pancreatitis, due to the unique appearance of
diffuse stiff tissue with an elastographic pattern visible both in
the mass lesion and in the adjacent pancreatic parenchyma, with
mainly stiff color signals that were evenly spread over the head
and the body of the pancreas [161, 187].

8.3.4 Preoperative indications

Recently, elastography has been used prior to pancreatic surgery
to examine the gland stiffness in order to assess the risk of surgical
complications. Evaluation of pancreatic stiffness might be an
objective index to estimate pancreatic fibrosis and predict the
risk of postoperative pancreatic fistula. Data from several studies
suggest that SWE [115, 117, 184, 188] and SE [138, 170, 185]
may be used for this purpose. In particular, a pancreatic parench-
yma with a low stiffness as determined by semi-quantitative SE
[138, 170] or SWE [117] proved to be an independent predictor
of postoperative pancreatic fistula.

8.3.5 Pancreatic ductal adenocarcinoma and other solid
pancreatic neoplasms

In pancreatic ductal adenocarcinoma (PDAC), shear wave veloci-
ties are significantly higher than in normal pancreatic parenchyma

obtained in healthy subjects [116, 125, 133] as well as in pancre-
atic parenchyma surrounding the tumor [125]. Shear wave veloci-
ties measured in PDAC usually exceed 3m/s [116, 125, 126, 133].
However, there is a significant overlap of SWE velocities between
malignant solid lesions, benign solid lesions, and chronic pancrea-
titis [116, 126]. One study demonstrated a significantly higher
difference between the SWE velocities of malignant lesions and
surrounding pancreatic parenchyma compared to the difference
values between benign lesions and surrounding parenchyma
[126]. No large prospective comparative studies evaluating the
accuracy of SWE for the characterization of solid pancreatic
lesions are available.

More evidence is available on the clinical value of EUS-SE for
the differential diagnosis of solid pancreatic lesions [172, 189 –
192]. An early study described EUS elastography patterns in
healthy subjects, in diffuse chronic pancreatitis and in focal pan-
creatic lesions [139]. All malignant pancreatic tumors and serous
cystadenomas showed a honeycomb pattern of medium stiffness,
and were well delineated against healthy parenchyma. However,
this pattern was also observed in half of the chronic pancreatitis
patients, so that the specificity of the method was reported at
only about 60%, attributed to fibrotic structures producing similar
mechanical properties in cancer and chronic pancreatitis [139,
164]. Therefore, elastography is not sufficient to contribute to
the early diagnosis of pancreatic carcinoma in chronic pancreatitis
[139, 164].

Qualitative [137, 139, 163, 164, 193 – 195] and semi-quantita-
tive SE approaches (SR, SH analysis) [135, 142 – 144, 149, 150,
152 – 156, 175, 177, 196 – 199] have been used for the differen-
tial diagnosis of benign and malignant focal pancreatic masses,
with both showing high overall accuracy. Computer-aided diagno-
sis techniques might improve the accuracy for the differential di-
agnosis of focal pancreatic masses, with artificial neural networks
being used most often [154, 156]. Several multicenter studies
[155, 156, 194] and other prospective studies [135, 149, 150,
152, 177, 197, 198] consistently showed a very high sensitivity
(over 90 %), but considerably lower specificity and negative pre-
dictive values for the diagnosis of benign versus malignant focal
pancreatic masses. These findings have been summarized in
meta-analyses, affirming the very high sensitivity (95 % – 99 %)
and negative predictive value of EUS-SE, but limited specificity
(64% – 76%) and positive predictive value to diagnose pancreatic
malignancy [172, 189 – 192]. Significant differences in favor of
qualitative or semi-quantitative assessment techniques have not
been observed in meta-analyses. Therefore, there is expert
consensus that SE cannot replace a cytopathological diagnosis of
focal pancreatic disease [162, 200, 201]. Combining several EUS-
based advanced tools of tissue characterization may provide the
best results in differential diagnosis of focal pancreatic lesions
[135, 143, 144, 149, 202 – 205]. Nevertheless, when EUS-guided
sampling is negative or inconclusive, suspicious findings with elas-
tography and contrast-enhanced techniques will influence further
clinical decisions by indicating repeat sampling or direct referral
to surgery. On the other hand, the finding of a solid pancreatic
lesion with elastographic properties of low stiffness and without
hypo-enhancement in contrast-enhanced EUS is nearly always
predictive for the benign nature of the lesion. Since the negative
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predictive value of EUS-FNA for the diagnosis of a malignant solid
pancreatic lesion is only 72 % [203 – 207], such a finding may
prevent potentially nondiagnostic or risky procedures [195, 207].

8.3.6 Cystic pancreatic tumors

Elastography can have a role in pancreatic cystic lesions, both with
SE and with SWE, in particular with ARFI. SWE has been shown to
be accurate for the differentiation between serous and mucinous
cystic pancreatic lesions [133, 208 – 212]. Serous cystadenomas
are filled with serous fluid exhibiting similar physical properties
as water, while numerous and dense septa together with a fibrous
scar can be present in a mucinous cystadenoma. Therefore, the
microcystic serous cystadenoma appears as a very stiff lesion
with EUS-SE [139, 164, 196]. With ARFI, shear wave velocity in
serous cystadenoma is infinitely high and numerical values cannot
be obtained. Due to the more complex fluid content, shear wave
velocities in mucinous cystic lesions are very high, but numerical
values may be obtained in most cases [133, 208 – 212].

8.4 Limitations and artifacts

EUS-elastography suffers from technical limitations and artifacts.
Some issues are common with transabdominal ultrasound, such
as the need to obtain a close proximity to the target and to avoid
anatomical planes allowing slip movements anterior to or within
the imaged region [1]. In particular, large vessels in the imaged
area represent the main reason for shear stress damping. Issues
peculiar to EUS are essentially caused by the small size of the
transducer providing a limited stress source to image the region
of interest. In addition, it is very difficult to standardize the pres-
sure exerted by the echoendoscope tip to the gastrointestinal
wall, resulting in variability of the color mapping. Lastly, respira-
tion and heartbeat-induced movements of the target lesion may
cause a complete lack of color signal within the region of interest.
As far as the color mapping of EUS elastography is concerned,
disadvantages include subjective differences in color vision and
image categories that may not correspond well to pathology
[194]. The selection of frames for the SR or SH measurements is
user-dependent. In addition, unrepresentative elastograms or re-
ference tissues with a different distance to the stress source may
result in method bias [213]. For these reasons, finding an optimal
cut-off for differentiating pancreatic tumors from benign disease
has been challenging.

RECOMMENDATION 8

Transabdominal and endoscopic ultrasound elastography may

be used as additional imaging tools for the diagnosis and

grading of chronic pancreatitis (LoE 2b, GoR B) (For 20,

Abstain 0, Against 0).

RECOMMENDATION 9

Endoscopic ultrasound elastography could be used as a

complementary imaging tool for the characterization of solid

pancreatic lesions. However, it cannot decisively differentiate

focal pancreatitis from pancreatic carcinoma (LoE 2a, GoR B)

(For 20, Abstain 0, Against 0).

RECOMMENDATION 10

When a combination of endoscopic ultrasound elastography

with contrast studies suggests pancreatic cancer despite a

negative or inconclusive biopsy, repeated sampling or surgery

should be considered (LoE 2b, GoR B) (For 12, Abstain 7,

Against 1).

9. GastroIntestinal Tract

9.1 Background

The gastrointestinal tract wall may be visualized by ultrasound as a
layered structure consisting of typically 5 layers [214, 215]. When
examining the intestine, it is preferable to use frequencies above
7.5MHz to enable optimal visualization of wall layers, thickened
bowel wall and focal lesions. This also applies for SE and SWE.

9.2 Methods

SE and SWE are the methods used for elasticity imaging and
measurements in bowel examinations. Studies investigating elas-
tography of bowel wall lesions are predominantly based on SE.

9.2.1 Image interpretation and evaluation

Pathological lesions that increase wall thickness are most relevant
for SE and SWE. This is because the bowel wall is a thin structure
on ultrasound imaging that has natural peristalsis and allows con-
siderable movement on both the serosa and the luminal sides.
This tends to add artifacts to strain imaging and makes a targeted
SWE or SE measurement more difficult and user-dependent. The
bowel wall may become thickened in both neoplastic and inflam-
matory disease, predominantly in Crohn’s disease (CD). In partic-
ular, SE has been applied in order to clinically distinguish fibrotic
from inflammatory lesions in CD and to distinguish rectal adeno-
ma from adenocarcinoma.

9.3 Clinical applications

9.3.1 Distinction between fibrous and inflammatory
strictures in Crohn’s disease

Several studies on CD in animal models and human specimens
conclude that stiffness is associated with the presence of fibrotic
strictures. Some studies indicate that SE and SWE elastography
can differentiate fibrosis from inflammatory lesions [216 – 218].
A study compared SE in terminal ileum stenosis in CD reporting a
higher visual score of tissue stiffness in fibrosis using magnetic
resonance (MR) enterography as a reference [219]. Another ex-
vivo study on bowel specimens from CD and neoplastic lesions
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also showed that higher stiffness was present in both CD lesions
and in adenocarcinoma, but not in adenomas [220].

The results from seven small series were included in a systema-
tic review of 154 CD lesions in 129 patients [221], suggesting that
stiffness was significantly higher in fibrotic stenosis. Nevertheless,
the systematic review mentions “inhomogeneous and scarcely
comparable” endpoints, as authors used either absolute strain
values or a strain ratio with various anatomic structures for com-
parison (mesenteric fat surrounding the bowel wall or abdominal
wall muscles). In a study of ten patients, SE using the mean strain
in the bowel wall of affected and unaffected bowel segments pre-,
intra- and postoperatively found significant differences in strain
values in affected and unaffected segments which correlated
well with the histological distribution of connective tissue and col-
lagen content [222]. Also, the strain measurements had an
acceptable intraclass correlation coefficient (ICC) in the three
examinations. A study of 23 consecutive patients undergoing sur-
gery for CD [223] found excellent differentiation of patients with
severe ileal fibrosis by histology but also by using SR (including an
excellent inter-rater agreement). Conflicting findings are reported
in a prospective study on SE in 26 patients undergoing surgery for
stricturing CD. On preoperative ultrasound, the SR did not corre-
late with histological scoring of fibrosis or inflammation [224].
Strain imaging of bowel lesions in CD may predict the response
to anti-inflammatory treatment. In a prospective study of 30 pa-
tients with CD, the five patients who needed surgery had signifi-
cantly higher SR measurements at baseline and there was a signif-
icant negative correlation between the SR at baseline and wall
thickness following 52 weeks of anti-tumor necrosis factor (TNF)
therapy [225]. SWE should not be used as a method to distinguish
fibrotic from inflammatory lesions in CD based on current
evidence.

9.3.2 Characterization and staging of rectal tumors

The differentiation and staging of rectal tumors can be performed
using SE as an add-on to B-mode endoscopic rectal ultrasound
(ERUS). Thus, SE may improve the staging of rectal cancer and
differentiate adenoma from adenocarcinoma, when compared to
ERUS alone and with MR imaging (with high interobserver agree-
ment of recorded videos and images) [226 –228]. Another group
found good correlation between diffusion-weighted MR imaging
which is associated with fibrosis, and SWE of malignant rectal
tumors [229]. Another study assessed the performance of ERUS
for rectal tumors using SWE using an 8MHz endorectal transduc-
er, finding that the tumor stiffness measurements corresponded
accurately to the pathological tumor T-stage and diagnostic accu-
racy of tumor staging improved from 76.7 % to 93.3% [230].

RECOMMENDATION 11

Ultrasound strain elastography can be used to characterize

bowel wall lesions in Crohn’s disease (LoE 3b, GoRC) (For 19,

Abstain 1, Against 0).

RECOMMENDATION 12

Ultrasound elastography may improve the staging of rectal

cancer when used as an add-on to endoscopic rectal ultra-

sound and magnetic resonance imaging (LoE 2b, GoRC)

(For 17, Abstain 3, Against 0).

10. Spleen

10.1 Background

Spleen stiffness measurement is an elastography technique used
to assess the severity of chronic liver disease, mainly in conjunc-
tion with liver stiffness measurements for the evaluation of liver
fibrosis or portal hypertension-related complications. Various
SWE techniques have been investigated to predict the presence
of clinically significant portal hypertension, esophageal varices or
to predict long-term prognosis.

10.2 Methodology

Spleen elastography should be performed after at least 3 hours of
fasting and after at least 10 minutes of rest [231, 232], with the
patient in dorsal decubitus and with the left arm in maximal
adduction [233]. The transducer should be placed between the
left intercostal spaces in an area with a good ultrasound window
needed for TE [234], or at least 2 cm below the capsule for non-
TE techniques [235, 236], with the measurement preferably being
performed at the inferior pole [237].

10.3. Clinical applications

a) Assessment of liver fibrosis

Using spleen stiffness as a surrogate marker for staging liver fibro-
sis, two studies [238, 239] demonstrated a pooled sensitivity and
specificity for detecting significant fibrosis (F2) and cirrhosis (F4)
of 0.70 and 0.87 and 0.77 and 0.82, respectively with an AUROC
of 0.88 and 0.85, respectively [22].

b) Assessment of clinically significant portal hypertension

Spleen stiffness correlates well with the hepatic vein portal gradi-
ent and has an excellent diagnostic accuracy (AUROC =0.92) for
clinically significant portal hypertension, irrespective of the tech-
nique used [240], with TE showing a better correlation with the
hepatic vein portal gradient than measuring liver stiffness [234].
For values ≥ 46 kPa, the AUROC for clinically significant portal hy-
pertension varies from 0.846 to 0.966, with good sensitivity
(0.77 – 0.88) and specificity (0.79 – 0.91) [234, 241].

For pSWE, the overall correlation with the hepatic vein portal
gradient is similar and better than for liver stiffness measure-
ments [242], but for values > 10mmHg, the association is weaker
[242, 243]. However, for pSWE, the plotted sensitivity is higher
than for other techniques (0.98 vs. 0.62 –0.83), while the specifi-
city is lower (0.78 vs. 0.89 – 0.93), thus raising the possibility of
the heterogeneity and variability of this technique [240, 244].
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As for 2D-SWE, the diagnostic accuracy varied significantly, as
AUROC analysis shows: 0.63 (for a cut-off value of 34 kPa) [245],
0.725 [235] or 0.84 [237]. Despite the fact that the last two stud-
ies recommend different cut-off values to rule-in (≥ 40 or
35.6 kPa) or out (≤ 22.7 or 21.7 kPa) clinically significant portal
hypertension, the diagnostic accuracy remains low for the study
by Procopet et al. [235] (12/40 correctly classified), but satisfac-
tory for the study by Jansen et al. [237] (66/111 patients correctly
classified). However, if a combined approach is used (both spleen
and liver stiffness measured), only 11/109 patients (89.9 % accu-
racy) are misclassified [237].

c) Assessment of oesophageal varices

TE of splenic stiffness has a good accuracy to detect the presence
of oesophageal varices (80.4 %), but it is unable to differentiate
the grade [233]. Values ≤ 40kPa were proposed to rule-out
esophageal varices, while values ≥ 55kPa were suggested to rule
them in [234]. In a meta-analysis, the pooled sensitivity and
specificity to detect varices was satisfactory (0.76 and 0.78,
respectively), while the sensitivity is better (0.86 vs. 0.69) for the
detection of varices needing treatment [246]. A modified calcula-
tion algorithm for TE was proposed, so that values > 75 kPa could
be measured, which proved to be the sole independent predictor
of the need to treat [247]. Therefore, a dedicated transducer and
calculation algorithm were developed, showing better perform-
ance compared with the original algorithm and with liver stiffness
[248].

For pSWE, the sensitivity and specificity for detecting oesopha-
geal varices varies from 0.31 and 0.79 [249] up to 0.95 and 0.92
[243]. However, the pooled performance for detecting the need
to treat appears to be lower than for TE [246], although the anal-
ysis did not take into account a report which showed very good
positive and negative predictive values: 0.97 and 0.89, respecti-
vely [243].

With 2D-SWE, [245] there is no discrimination between
patients with and without varices needing treatment. In a much
larger cohort, however, the AUROC for detecting oesophageal
varices of any grade was 0.8, while the probability is only 10% for
patients with compensated cirrhosis if the spleen stiffness is lower
than 25.6 kPa (10). If 2D-SWE SSM (</≥ 38 kPa) is used in a step-
wise approach alongside liver stiffness (</≥ 19 kPa) and platelet
count (≤/> 100x103), the oesophageal varices can be ruled-out
with 83 % accuracy and 74% of unnecessary endoscopies could
be eliminated [248].

d) Assessment of prognosis and response to therapy

Spleen stiffness can also predict liver-related complications, as the
only independent predictor of decompensation besides the MELD
score (if higher than 54 kPa), in a cohort of compensated hepatitis
C virus (HCV) cirrhosis, during a 2-year follow-up period [250]. No
data is available regarding the role of spleen stiffness in monitor-
ing the response to non-selective beta-blockers. Spleen stiffness
(assessed by pSWE) seems to decrease after TIPS placement
[251, 252], suggesting that spleen stiffness could be an additional
tool to evaluate TIPS efficiency.

Small series also suggest that successful antiviral therapy of
HCV cirrhosis induces a small reduction of spleen stiffness during
follow-up, which is not always significant and it is not as important
or as persistent as liver stiffness reduction [253, 254], reflecting
more likely a reduction of hepatic inflammation.

e) Miscellaneous

Spleen stiffness was also used to assess patients with non-cirrhotic
portal hypertension. In extrahepatic portal vein obstruction,
spleen stiffness increases and is higher in patients with a history
of bleeding [255]. In patients with idiopathic portal sinusoidal
disease, spleen stiffness is markedly increased, in contrast to qua-
si-normal liver stiffness values [256, 257]. Furthermore, a combi-
nation could be used in children with biliary atresia before or after
Kasai portoenterostomy to predict outcome or to monitor subse-
quent liver disease and portal hypertension [258, 259]. Spleen
stiffness by TE was also positively correlated with the grade of
bone-marrow fibrosis in patients with primary myelofibrosis,
suggesting that this could be a simple noninvasive method to
monitor disease progression [260].

10.4 Limitations and artifacts

TE can be performed in only 85 – 90% of cases, mainly because of
high BMI, presence of ascites, lung or colonic gas interposition, or
transverse spleen diameter < 4 cm [233, 234, 247]. An additional
12 – 21% of patients reach the maximum value (75 kPa) measured
by the conventional machine [233, 247], hence the applicability of
TE is approximately 70 %. The applicability of 2D-SWE is similar
and appears to be related to a higher BMI and smaller spleen size
[261]. As for pSWE, the applicability is higher (up to 97%) [242],
but the reproducibility is influenced by small spleen size and
central obesity [244].

RECOMMENDATION 13

Ultrasound elastography of the spleen can be used as an

additional noninvasive method to assess portal hypertension

(LoE 2b, GoR B) (For 20, Abstain 0, Against 0).

11. Kidney

11.1 Background

Renal elastography has been used for the noninvasive assessment
of chronic kidney disease (CKD), particularly for the early stages
when renal function is not yet significantly affected, or for disease
monitoring [262]. The hypothesis that the development of glo-
merular and interstitial fibrosis should lead to stiffness changes is
supported by experimental findings in a rat model of CKD [263].

435Săftoiu A et al. The EFSUMB Guidelines… Ultraschall in Med 2019; 40: 425–453

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



11.2 Methods & confounding factors

11.2.1 Strain elastography

SE can only be used for superficial kidneys, usually renal trans-
plants, mainly a qualitative technique that supposes uniform
deformation of the tissue of interest, with a limited role due to
the depth of the organ, the difficulty to apply reproducible homo-
geneous external deformation and the inability to achieve abso-
lute stiffness measurements [264].

11.2.2 Shear wave elastography

TE allows quantitative evaluation of the tissue stiffness and has
been widely used for liver fibrosis estimation [2, 265], but the
volume of tissue involved in the measurement is at a fixed depth
and has a length of 40mm, making this technique unsuitable for
renal stiffness estimation.

The inter-operator agreement of pSWE used in transplanted
kidneys obtained in different studies was fair or moderate with
the ICC ranging between 0.31 [268] and 0.47 [269]. In studies
performed in native kidneys, the reproducibility of the method
was strong, with ICCs between 0.60 [270] and 0.71 [271]. The
inter-operator agreement obtained in the elastographic assess-
ment of the kidneys (native and transplant) was lower compared
to studies of liver stiffness (ICCs are over 0.80), because of con-
founding factors. Currently, there are few studies available using
2D SWE techniques in the assessment of the kidneys [272, 273].

11.3 Clinical applications

11.3.1 Normal kidney stiffness

A limited number of studies (most of them using pSWE) report
normal kidney stiffness, and are different depending on the type
of pSWE device used. In adult native kidneys, normal cortical stiff-
ness values range from 2.15 to 2.54m/s with one system [114,
270, 271, 277 –279] compared to 1.23 to 1.54m/s with a differ-
ent system [280]. In 9 – 16-year-old children, higher pSWE stiff-
ness values were found, ranging from 3.00 to 3.33m/sec (mean
3.13 ± 0.09m/s, corresponding approximately to 29.4 kPa). In a
study performed in healthy people aged 18 – 30, 31 – 50, 51 – 65,
and above 65 years, pSWE was 2.94 ± 0.60, 2.26 ± 0.82, 2.48 ± 0.8
and 1.82 ± 0.63m/s, respectively [277]. In the same study, a sta-
tistically significant difference was found between women and
men. Surprisingly, normal kidney stiffness was found to exhibit
an inverse, statistically significant relationship with patient age
(p = 0.0003). Using pSWE, similar values were found in a small
series of normal volunteers with superficial kidneys, with a cortical
average stiffness of 15.4 ± 2.5 kPa [281]. The stiffness of the renal
medulla was found to be lower than the cortical stiffness [272],
except for in one study using pSWE [278].

11.3.2 Kidney stiffness for the assessment of renal pathology

In renal transplantation, serum creatinine levels and estimated
Glomerular Filtration Rate (eGFR) are poor predictors of the sever-
ity of histological lesions. A noninvasive test that could provide di-
agnosis and/or prognosis early on to avoid repeated biopsies and
to allow early targeted therapeutic intervention could improve pa-

tient management. Several studies report a correlation between
renal stiffness and fibrosis or renal function. In experimental mod-
els of glomerulosclerosis, the cortical stiffness was correlated to
the degree of renal dysfunction [263]. In humans, this correlation
remains highly variable in both native and transplanted kidneys.
Some authors reported a correlation between renal stiffness and
fibrosis or renal function with several techniques [270, 278, 282 –
285].

In other studies, the correlation between CKD stages and
kidney stiffness was negative, as shear wave velocity was found
to decrease with increasing stages of CKD [270, 286] or decreas-
ing eGFR [287, 288]. The cut-off values of renal stiffness proposed
by different studies could only predict advanced stages of CKD. In
the remaining studies, no correlation was found between renal
stiffness and the degree of CKD or interstitial fibrosis and tubular
atrophy, even in diabetic CKD [270, 272, 278, 288 – 294]. The re-
nal perfusion changes might impact renal stiffness and explain
some discrepancies between results [284], as intrarenal blood
flow is decreased with the progression of fibrosis. Thus, renal
blood flow decrease could be the cause of the decrease of
stiffness with the progression of CKD, and could have a bigger
influence on stiffness compared to renal fibrosis.

Additional preliminary applications include stiffness assess-
ment in the case of reflux nephropathy and tumor. In a study of
28 children, CKD degree increased SWE values mainly in the kid-
ney involved with vesicoureteral reflux (6.57 ± 0.96m/s) but also
in the contralateral kidney (4.09 ± 0.97m/s) while the normal
value in the pediatric population without renal disease was 3.13 ±
0.09m/s [295]. The increased stiffness even in the contralateral
kidney may result from increased glomerular filtration and
minimal fibrosis. Renal elastography might also play a role in the
detection and characterization of renal masses, improving the
identification of ill-defined lesions and providing information
about tumor stiffness [296].

11.4 Limitations and artifacts

Anatomical confounding factors include renal anisotropy, blood
perfusion and hydronephrosis. The effect of anisotropy has been
demonstrated in muscle and kidney elastography due to their
spatial organization [275, 276]. When shear wave propagation is
parallel to the renal tubules and interlobular arteries (and the
ultrasound beam is perpendicular to these structures), the veloc-
ity of the shear waves is increased [262]. Elasticity measurements
performed in the perpendicular direction to the long axis of the
pyramids exhibit higher values for all renal compartments. Renal
perfusion strongly affects renal elastography, with a drop in the
medulla ranging from 44 % to 72.7 % in renal artery occlusion,
and an increase over 500% in renal vein thrombosis [276]. Hydro-
nephrosis also results in a renal elasticity increase, with a correla-
tion between urinary tract pressure and cortical stiffness varying
from 119% to 137% between 5 and 40mmHg [276]. Additional
confounding factors include the type of technology and effect of
transmit frequency, attenuation of transmit pulse (deteriorating
signal-to-noise ratio). Using ARFI, the shear wave velocity was
reduced by 27% when the depth increased from 2 – 3 cm to 6 –
7 cm (2.95 ± 0.41m/s and 2.16 ± 0.61m/s, respectively) [277].
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Measurement depth influences the reproducibility of the method,
a lower reproducibility being found in patients with deep kidneys,
either native kidneys at a depth more than 4 cm or transplanted
kidneys.

RECOMMENDATION 14

No current recommendation can be given for the application

of ultrasound elastography in native kidneys (LoE 2b, GoR B)

(For 10, Abstain 0, Against 0).

RECOMMENDATION 15

Ultrasound renal elastography can be used as an additional

tool for the diagnosis of chronic allograft nephropathy

(LoE 2b, GoR B) (For 9, Abstain 1, Against 0).

12. Lymph nodes

12.1 Background

Noninvasive discrimination of malignant and benign lymph nodes
is important for further diagnostic and clinical decision-making.
Whereas contrast-enhanced ultrasound is not recommended for
the assessment of lymph nodes [297], elastography has a better
diagnostic performance [298], with evidence for the examination
of superficial lymph nodes and mediastinal lymph nodes. Superfi-
cial lymph nodes have been investigated by percutaneous US
using SE and SWE. Mediastinal lymph nodes have been investiga-
ted by endoscopic ultrasound using only SE.

12.2 Methods

SE is the method most frequently described, as the technique is
more widely available on most commercial systems, with more
consolidated evidence with a number of single research studies
and two meta-analyses published. More recently, SWE has been
evaluated with one meta-analysis published.

12.3 Clinical applications

12.3.1 Differential diagnosis of lymphadenopathy

Assessment of superficial lymph nodes using SE presents conflict-
ing data. Two recent meta-analyses demonstrated a high accuracy
in differentiating between benign and malignant lymph nodes.
The first meta-analysis included 578 patients with 936 lymph
nodes with a sensitivity of the scoring and SR measurements of
76% and 83%, respectively [299]. The second meta-analysis inclu-
ded 545 patients with 835 lymph nodes and indicated a sensitivity
of the elasticity scoring and SR measurements of 74 % and 88%,
with a specificity of 88% and 91%, respectively [300].

A meta-analysis including 481 patients with 647 lymph nodes
evaluated the role of SWE in superficial lymph nodes. SWE for the
discrimination of malignant and benign lymph nodes achieved a

sensitivity of 81% and specificity of 85% [301]. The latest meta-
analysis regarding the value of EUS elastography for the differen-
tiation of malignant and benign lymph nodes included 6 studies
with 368 patients and 431 lymph node, with SE demonstrating a
sensitivity of 88%, and a specificity of 85% [302]. Newer studies
including patients investigated by endobronchial ultrasound
(EBUS) had similar performance [303, 304].

12.3.2 Preoperative Assessment of Lymph Nodes in Patients
with Known Primary Cancer

With preoperative lymph node assessment for metastatic involve-
ment, no systematic review is available. Two studies investigated
SWE in the prediction of metastatic involvement from thyroid
cancer. A retrospective analysis [305] found that using the Mean
Elastic Modulus with a cut-off set to 29 kPa led to 66.67% sensitiv-
ity and 72.62% specificity, 78 % PPV, 64.71% NPV and 0.748 AUC,
whereas the combination with B-mode ultrasound lead to 98.04%
sensitivity, 45.45 % specificity, 73.53 % PPV, 93.75 % NPV and
0.811 AUROC. Other authors found that the best SWE parameter
for predicting metastatic involvement was the maximum value of
elasticity with the cut-off set to 40 kPa, leading to 80% sensitivity,
93.1 % specificity and 0.918 AUC [306].

12.4 Limitations and artifacts

Elastography is unlikely to be suitable for a differential diagnosis,
but is more likely to be useful for targeting malignant lymph
nodes for fine needle aspiration if multiple lymph nodes are pres-
ent [307]. It cannot be assumed that the entire lymph node is in-
volved in malignancy, but may range from a few undetectable
cells to involvement of a small area. Only a limited number of
studies with small sample sizes are available and invariably have a
selection bias [308, 309]. Somemalignant lymph nodes cannot be
discriminated by tissue stiffness alone, as is the case with the
lymph nodes of lymphoma [310]. There is no standardization of
the technique particularly in SE, making study comparisons diffi-
cult [311]. Often with lymph node imaging in EUS, there is a rela-
tive depletion of surrounding tissue as a normal reference for SR
calculation, including the gastrointestinal wall advocated as the
standard comparison for tissue reference [309].

RECOMMENDATION 16

High-frequency transcutaneous and endoscopic ultrasound

elastography can be used as additional tools for the differen-

tiation between benign and malignant lymph nodes (LoE 2a

GoR B) (For 20, Abstain 0, Against 0).

RECOMMENDATION 17

Ultrasound elastography can be used for identifying the most

suspicious lymph nodes and/or suspicious areas within the

lymph node to be targeted for sampling (LoE 5, GoR D)

(For 19, Abstain 1, Against 0).
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13. MusculoSkeletal

13.1 Background

In comparison with the previous guidelines, there has been an in-
crease in studies regarding musculoskeletal (MSK) elastography
[2].

13.2 Methods

Published data concerning the use of SE, ARFI imaging, and SWE
for elastographic evaluation of the MSK structures, especially for
tendons, muscles and nerves, are available.

13.3 Clinical applications

13.3.1 Tendons

In SE the healthy Achilles tendon is mostly rigid (86.7 – 93% of the
tendon has high stiffness) [312, 313] and there is an increase in
stiffness with age [314]. Using SWE, different values of shear
wave velocity or elastic modulus were obtained depending on
the machine used, tendon position, or plane of imaging [113,
315, 316]. In Achilles tendinopathy the SR (comparing tendon
with Kager’s fat) is higher and the tendon becomes less stiff
[317]. SE proved to be superior to B-mode ultrasound (sensitivity
99%, specificity 78%, accuracy 95%) [318], underlining the ability
of SE to detect pathology before the appearance of the B-mode
ultrasound morphologic changes [319, 320]. No differences be-
tween athletes and controls nor between the dominant and non-
dominant leg were found in SE evaluation of the patellar tendon
[321]. With age, a significant decrease in shear wave velocity val-
ues was detected, with SWE having the capacity to detect aging
tendons before morphologic abnormalities were observed on
B-mode ultrasound [322, 323].

For lateral epicondylitis the addition of SE to B-mode ultra-
sound findings improves the sensitivity for detecting tendon pa-
thology [324, 325]. Using B-mode ultrasound in combination
with SE resulted in a better correlation with histologic results. In
the rotator cuff, SE can detect small partial tears of the supraspi-
natus tendon [326]. In patients with tendinopathy, a significant
decrease in the shear wave velocity of the supraspinatus muscle
was observed [327]. Currently, no observations monitoring
tendon healing are available in longitudinal studies.

13.3.2 Muscle

Using SE, the normal relaxed muscle appears as an inhomoge-
neous mosaic of intermediate or increased stiffness with scat-
tered less stiff and stiffer areas, especially at the boundaries of
the muscle [328, 329]. In SWE the normal relaxed muscle has a
lower shear wave velocity (which increases during contraction)
and the boundary fascia or aponeurosis show intermediate shear
wave velocity [330].

Physiological factors (age, sex, muscle performance, fatigue,
or training) and pathological changes (trauma, degeneration, or
neuromuscular disease) influence muscle elasticity [331 – 337].
Normal and abnormal ranges of shear wave velocity of various

muscles are available [327, 333, 336, 338] but the results are
limited, without establishing any reference values.

SWE for the evaluation of muscle stiffness in various neurologic
conditions (Parkinson disease, chronic stroke, cerebral palsy, mul-
tiple sclerosis or Duchenne dystrophy) is a reliable quantitative
imaging technique for diagnosis, treatment decisions and follow-
up and may be an alternative to electromyography [333, 338 –
342].

In inflammatory myopathies SE demonstrated that the
involved muscles become stiffer, and significant correlations with
histological findings were obtained [328, 343]. Acute muscle and
fascial tears show a lower shear wave velocity [330], but no
prospective studies have been published.

13.3.3 Ligaments and fascia

Using SWE in patients with adhesive capsulitis, the coracohumeral
ligament proved to be stiffer in the symptomatic shoulder [344].
The increased stiffness of the transverse carpal ligament evaluat-
ed on SE may be one of the causes for carpal tunnel syndrome
[345]. The plantar fascia becomes less stiff with age and in
subjects with plantar fasciitis abnormality is seen when using
ARFI imaging (pixel intensity), SE or SWE even in the absence of
pathological findings on B-ode ultrasound examination [346 –
350], suggesting a role of elastography in the diagnosis of early
stages of plantar fasciitis.

13.3.4 Nerves

Median nerve strain is significantly lower in patients with carpal
tunnel syndrome than in controls [351], and the perineural area
surrounding the median nerve is stiffer than in healthy volunteers
[352]. The SE can be used to follow up the median nerve recover-
ing after carpal tunnel release [353] or after local corticosteroid
injection [354] but does not have the capability to categorize the
severity. The combined use of B-mode ultrasound and SE has been
suggested [355].

Using pSWE the shear wave velocity of the median nerve was
3.857m/s in patients with carpal tunnel syndrome and 2.542m/s
in the control group (p < 0.05) [356]. Using 2D-SWE the mean
shear modulus of the median nerve was 66.7 kPa in patients and
32.0 kPa in the control group (p < 0.001) [357]. Both methods
have high sensitivity and specificity for carpal tunnel syndrome
diagnosis and are highly reproducible. The increased stiffness
was attributed to nerve fibrosis or edema.

The elasticity of the tibial nerve in diabetic patients is reduced
compared with a control group and decreased further after devel-
oping diabetic peripheral neuropathy [358 – 360].

The joints and limb position and the patients’ age should be
taken into consideration during a nerve ultrasound examination
[361].

13.4 Practical points

SE is an operator-dependent technique, with a recommendation
to record several (at least 3) compression-relaxation cycles as
cine-loops and then select the best elastograms for evaluation.
The examination transducer should be perpendicular to the tissue

438 Săftoiu A et al. The EFSUMB Guidelines… Ultraschall in Med 2019; 40: 425–453

Guidelines & Recommendations

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



to avoid anisotropy, as the B-mode ultrasound appearance influ-
ences the quality of the elastogram.

The use of standoff devices for SE of the superficial structures
does not influence the elastogram (a minimum 3mm distance be-
tween transducer and lesion being necessary) [362], but the in-
clusion of gel within the region of interest should be avoided
(may mask minimal differences in tendon stiffness) [329].

The SWE examination of muscles and tendons should be
performed with the lightest transducer pressure. The dimension
of the region of interest does not influence the mean elastic mod-
ulus [363].

The transducer must be oriented longitudinally to the muscle
fibers in order to achieve accurate and reliable SWE measure-
ments. The shear waves propagate faster in contracted tendons
and muscles and along the long axis of tendons [330]. The
ligaments should be examined in the same position as the
corresponding joints [344].

13.5 Limitations and artifacts

When a solid structure is delimited by an incompressible shell, SE
analysis of the internal structure is limited (the eggshell effect)
[364]. Cystic masses characteristically have a mosaic of all levels
of stiffness. Low stiffness lines may appear at the interfaces be-
tween tissues (due to tissue shifting), around calcifications, be-
hind bone or at the superficial edge of a homogeneous lesion.
Fluctuant changes at the borders of the Achilles tendon in an axial
elastogram can be seen due to varying contact with the skin
[365].

A limitation of SWE is depth of penetration. Superficial struc-
tures may be better visualized by applying a 5mm layer of cou-
pling ultrasound gel as standoff. SWE examination is influenced
by the transducer pressure and angle, and the shear modulus de-
pends on the orientation of the transducer relative to the exam-
ined structures [330, 366].

RECOMMENDATION 18

Ultrasound elastography can be used as a supplementary tool

to increase confidence in diagnosing tendinopathy, particular-

ly for Achilles tendinopathy, for evaluating muscle stiffness

and for plantar fasciitis (LoE 2b GoR B) (For 19, Abstain 1,

Against 0).

RECOMMENDATION 19

Ultrasound elastography can be used for the diagnosis and

follow-up of carpal tunnel syndrome and diabetic peripheral

neuropathy (LoE 2b, GoR B) (For 19, Abstain 1, Against 0).

14. Testis

14.1 Background

Traditionally the presence of a focal lesion in the testis was addres-
sed by removing the testis for histological examination, on the
premise that nearly all of these lesions are malignant. However,
access to modern ultrasound technology has rendered this ap-
proach obsolete, and as many as 80% of incidentally discovered
lesions are benign [367]. The use of newer contrast-enhanced
ultrasound and elastography techniques [368], combined as mul-
tiparametric ultrasound [369], has resulted in a more cautious ap-
proach to incidental focal testicular lesions [370]. The use of elas-
tography to assess the stiffness of abnormal areas of the testis to
ascertain stiffness as a sign of underlying malignancy is an attrac-
tive proposition to add to the overall multiparametric assessment.

14.2 Methods

14.2.1 Strain elastography

SE has been the most employed technique for the assessment of
testicular lesions [371 – 375]. Early studies, predominantly retro-
spective, have commented on the possibility of differentiating
malignant from benign lesions with certainty using SE and SR.
However, these findings have not been confirmed in recent stud-
ies, with specificities between 25.0 % and 37.5% in differentiating
benign from malignant lesions [375 – 377]. A number of case ser-
ies detailing the use of SE and SR (some in combination with con-
trast-enhanced ultrasound) have described the findings in Leydig
cell tumors [378], epidermoid cysts, hematoma, lymphoma, focal
infarction, capillary hemangioma, adrenal rest cells [379 – 384]
and in extra-testicular lesions [385], without comparison between
the findings of these different lesions.

14.2.2 SWE

There is limited information regarding the use of SWE in the eval-
uation of testicular lesions. Investigation of the role of SWE in the
overall assessment of background parenchyma has suggested
that values may be elevated in the case of testicular microlithiasis
[386], infertility [387], undescended testis [388]. It also has the
potential to differentiate seminomas from non-seminomatous
lesions [389] and has been evaluated in burnt-out tumors [390].
No prospective study reporting the differences in SWE in focal tes-
ticular lesions has been published.

14.3 Clinical applications

The use of all forms of elastography in the assessment of focal tes-
ticular lesions is promising, with tissue stiffness confirmed with
both SE and SWE techniques, but with overlap in findings between
benign and malignant neoplasms. The current status would allow
elastography to be an adjunct to the overall ultrasound examina-
tion rather than a standalone technique.

14.4 Limitations and artifacts

For testicular lesions, the values obtained for SWE vary between
different machines and are not interchangeable [391]. The prob-
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lems associated with the areas of fibrosis adjacent to the tunica
albuginea hamper the assessment of focal lesions adjacent to
this region [392]. Measurements using SWE between the center
and peripheral zones differ and the point of measurement
requires standardization [393, 394].

RECOMMENDATION 20

Ultrasound elastography for the evaluation of focal testicular

lesions can only be recommended in conjunction with other

ultrasound techniques, as there is overlap between benign

and malignant neoplasms (LoE 3A GoR B) (For 19, Abstain 1,

Against 0).

15. Vascular

15.1 Background

It is well established that ageing and atherosclerotic disease
increases arterial stiffness [395]. Elastography biomarkers are
emerging as potential indicators for diseases such as stroke,
hypertension, diabetes mellitus and cardiovascular disease, and
may provide additional information to support clinical decision-
making.

15.2 Methods

The majority of studies are based on SE. Early studies used intra-
vascular ultrasound and more recent studies have focused on
noninvasive techniques including SWE. These techniques have
been compared with alternative imaging techniques, histology,
clinical outcome measures and/or in experimental phantoms and
simulations.

15.3 Clinical applications

15.3.1 Strain elastography

Plaque characterization is a challenging, clinically important appli-
cation for which evidence of clinical benefit is growing [396].
Evidence from animal and human studies [397 – 403] typically
associates vulnerable plaque with regions of high strain. The
potential to detect and age thrombus has been demonstrated in
animal models [404, 405]. A clinical application to differentiate
acute from chronic deep vein thrombosis (DVT) has been demon-
strated in humans [406 – 408], and a systematic review concluded
that elastography imaging is a feasible adjunct to current first-line
imaging for DVT [409]. However, at least one recent study was not
able to differentiate acute DVT from subacute DVT [410]. Other
potential vascular applications include cardiac, abdominal aorta
and the use of elastography biomarkers for disease [411 – 414].

15.3.2 SWE

The feasibility of quantifying Young’s modulus in arteries has been
demonstrated in human [415], ex-vivo animal [416, 417] and
phantom [418– 420] studies. Identification of the vulnerable car-

otid plaque is emerging as a promising clinical application. Phan-
tom studies have demonstrated the feasibility of Young’s modulus
estimates but highlight errors due to the requirement for a differ-
ent wave propagation model than used by current commercial
systems [418 – 421]. Nevertheless, human studies show good
reproducibility and potential clinical benefit [422 – 426], with evi-
dence that Young’s modulus of carotid plaque correlates with
qualitative (Gray-Weale scale) appearance [422, 425, 426] and
quantitative (grayscale median) B-mode ultrasound measure-
ments [422, 426], and helps to provide improved diagnostic per-
formance of carotid plaque vulnerability [422, 426]. Studies found
a lower mean Young’s modulus for vulnerable plaque, although
values differ (50 kPa vs. 79 kPa [426]; 62 kPa vs. 88 kPa [422];
81 kPa vs. 115 kPa [425]). Evidence is limited for other vascular
applications such as cardiac [427 – 429] and DVT [430, 431].

15.4 Limitations and artifacts

Vascular imaging is challenging due to the small heterogeneous
tissue size, the dynamic environment resulting from pulsatile
blood flow, thin vessel walls, non-linear tissue elasticity and shear
wave propagation model assumptions which may not be valid due
to the potential for Lamb wave propagation in vessel walls [415,
418]. Studies should report the shear wave velocity or calculation
used to convert velocity to Young’s modulus as future scanners
may implement different models of wave propagation. Vascular
applications are promising, especially for the assessment of
carotid plaque, where larger, multicenter studies are required to
validate initial findings, establish cut-off values and optimize
methodologies.

RECOMMENDATION 21

Vascular ultrasound elastography is an area of active research.

However, it cannot currently be recommended for clinical

decision-making (LoE 5, GoR C) (For 20, Abstain 0, Against 0).

16. Intraoperative

16.1 Background

All surgical disciplines make use of preoperative imaging to visua-
lize a pathology for improved surgical planning.

16.2 Methods

Improved ultrasound technology has resulted in high-frequency
small transducers with better resolution including 3D ultrasound,
contrast-enhanced ultrasound and elastography.

16.3 Clinical applications

The utility of intraoperative ultrasound is less obvious. The advan-
tages include intraoperative navigation without ionizing radiation
exposure or relevant workflow interruption, assessment of the ex-
tent of resection, and organ shift monitoring and compensation
(most important for the brain). Disadvantages for ultrasound elas-
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tography include organ deformity intraoperatively due to a num-
ber of factors including tumor resection sequelae and post-inter-
ventional swelling. The use of intraoperative elastography has
been reported for the liver [8, 9, 432 – 435], brain [436 – 443],
pancreas [115, 185], prostate [444], lung [445] and other organs
[446].

RECOMMENDATION 22

Intraoperative ultrasound elastography is an area of active

research. However, it cannot be currently recommended for

clinical decision-making (LoE 5, GoR C) (For 20, Abstain 0,

Against 0).
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Introduction

The border between imaging spectrum of normality 
in joints and tendons and subclinical pathology in rheu-
matoid arthritis (RA) is still under debate. Treatment re-
adjustment represents a big challenge for practitioners 
when subclinical mild inflammatory lesions are detected. 

Clinical and imaging remission reflects a different di-
mension of normality, the dissociation between the two 
being highlighted in several studies [1-3]. Imaging stud-
ies on RA patients in clinical remission, overlapping or 
not with patients’ opinion for RA remission, certify the 
presence of residual inflammatory findings in joints as 
well as in tendons [1-21]. Among high resolution imag-
ing methods, musculoskeletal ultrasound (MSUS) was 
demonstrated to be more suitable for clinical practice and 
studies, allowing more data collection in terms of patient 
numbers, in comparison to magnetic resonance imaging 
(MRI). Indeed, it has been shown to be a very attractive 
imaging tool because of its accuracy and feasibility in 
early as well as in longstanding disease [22-24].

Several MSUS studies focusing on healthy subjects 
identified the presence of grey scale inflammatory pathol-

Abstract
Aim: High resolution imaging methods detect a spectrum of inflammatory-like and structural modifications at joint and 

tendon level in healthy subjects. The knowledge of their extent and degree is important when subclinical disease activity (im-
plying therapy reassessment) must be differentiated from normality. Musculoskeletal ultrasound (MSUS) evaluation may be 
challenging even for experts when borderline or low grade lesions are present. Our objective was to analyse the frequency of 
inflammatory-like lesions in hand joint and tendons in healthy young subjects and to evaluate the concordance between MSUS 
and magnetic resonance imaging (MRI) findings. Material and methods: Ten healthy young women (age range 24-32 years) 
clinically asymptomatic (joints and tendons) were selected to have bilateral hand MSUS and MRI evaluation. Based on cur-
rent definitions, synovitis/tenosynovitis-like lesions, erosions, osteophytes and bone edema were quantified and concordance 
between the two imaging methods was calculated. Results: Overall, both imaging evaluation methods showed a low frequency 
of inflammatory-like and structural lesions. No joint presented power Doppler signal or erosions. No abnormalities suggestive 
for inflammatory or structural pathology were detected at the tendon compartments level. No erosions and no signs of osteitis 
were detected. The concordance between MSUS and MRI findings was high except for the wrist area. Conclusion: MSUS was 
demonstrated to be a very accurate imaging method, mostly for hand tendon evaluation. This would allow a better discrimina-
tion between normality and pathologic findings, adding supplementary information.
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ogy-like findings (mild, prevalent effusion), mostly in the 
wrists (dominant hand) and rare in metacarpophalangeal 
joints (MCPj) or proximal interphalangeal joints (PIPj). 
These modifications were correlated with biomechani-
cal factors and age [25-31]. Instead, tenosynovitis/ten-
osynovitis-like modifications and Power Doppler signal 
(PDUS) at joint and tendon level were depicted very 
rarely in healthy populations [32-35]. Recently, a longi-
tudinal study on healthy women focused attention espe-
cially on flexor tendons in the hands, MCPj and extensor 
carpi ulnaris tendon (ECU) that seem to have a very low 
frequency of modifications in the younger healthy popu-
lation. These structures were found to show stability in 
time when exposed to different factors linked to preg-
nancy status/ postpartum period [36]. 

Hands MRI studies in healthy subjects identified a 
low prevalence of true low-grade synovitis or synovitis-
like changes (minimal early synovial enhancement) in 
MCPj and wrists. Osteophytes, small bone erosions and 
bone marrow edema were occasionally found. In con-
trast, a common finding was tendon sheath effusion iden-
tified on MRI without contrast [29,31,32,34,37]. 

Only one study evaluating MCPj in RA patients includ-
ed a low number of controls which were evaluated by both 
imaging methods - MSUS versus contrast MRI, showing 
no synovial membrane thickening on greyscale MSUS, 
no intra-articular power Doppler (PD) signal and no or 
only slight synovial enhancement on dynamic MR imag-
es [27]. By now, no comparative MSUS vs MRI study in 
healthy subjects focusing on hand tendons was performed. 

Our objective was to analyse the frequency of inflam-
matory-like lesions in hand joint and tendons in healthy 
young subjects and to evaluate the concordance between 
MSUS and MRI findings. The main focus was addressed 
to the wrist area, MCPj 2-5, ECU and flexor tendons.

Material and methods

This was a prospective cross-sectional study per-
formed in May 2018. Ten healthy young women, age >18 
years, clinically asymptomatic, with low up to moderate 
level of physical effort were selected. Exclusion criteria 
were: age >35 years, diagnosis of a current acute/suba-
cute or chronic inflammatory/autoimmune rheumatic 
disease, history of NSAIDs/painkiller administration in 
the last 6 weeks, history of trauma in the hands in the last 
2 years, intense physical activity involving hands (hard 
work/sport). All participants signed the informed written 
consent prior enrolment and local Ethical Committee ap-
proval was obtained. 

Following demographic data were collected: type of 
profession, type of physical work/sport involving hands, 

dominant hand, personal and family medical history, cur-
rent medication other than specified in the exclusion cri-
teria, smoking, body mass index (BMI). Clinical, MSUS 
and MRI evaluation of the hands was done in an interval 
of maximum 72 hours, by a senior doctor with >10 years 
of experience. 

Clinical examination 
Clinical examination (CE) was focused on the fol-

lowing anatomic regions and structures: wrist, MCPj 1-5, 
PIPj 1-5, bilateral hand extensor tendon compartments 
1-6, flexor pollicis longus tendon (FPL) and superficial 
and profound flexors of the digits 2-5 (F2-5) of both 
hands. The absence of any pain in active/passive motion 
along with a normal range of motion qualified the subject 
for the study. 

MSUS examination
MSUS evaluation of both hands was performed on the 

same day as CE, according to current guidelines [22], in 
the same regions as CE. If present, following elementary 
lesions were recorded: joint synovial hypertrophy/effu-
sion (SH/E) by grey scale (GS), intra-articular PD signal, 
erosions, osteophytes, SH/E and intra-tendon sheath and/
or intra-tendon belly PD signal. The OMERACT defini-
tions for synovitis, tenosynovitis, effusion, erosion and 
osteophytes were used [38,39]. Joint and tendon pathol-
ogy was quantified with a semi-quantitative scoring sys-
tem for small joints [40] and tendons [39]. For erosions 
and osteophytes, a dichotomous (normal or abnormal) 
scoring system was used. Dorsal and volar scoring of 
each MCPj and PIPj were merged into a single scoring/
joint. If dorsal and volar scoring of one joint were differ-
ent (one was normal and other was abnormal) the abnor-
mal finding for SH, E and PD was chosen to be recorded 
as a single elementary lesion. Tendon examination was 
performed in a multi-plane (at the level of the extensor 
retinaculum for C1-C6 to the distal insertion and from 
the level of the flexor retinaculum up to the distal inser-
tion for FPL, F2-F5) and dynamic fashion, according to 
specific manoeuvres. Lateral sites of MCPj 2 and 5 were 
also evaluated for erosions. 

A Samsung RS 85 machine equipped with a 3-16 
MHz broadband multi-frequency linear transducer was 
used. GS settings were adjusted in a standardized man-
ner for superficial anatomic regions. The settings for PD 
examination were low filter wall and pulse repetition fre-
quency for small vessels with slow flow 500-750 Hz. 

MRI evaluation 
A General Electric Sigma Explorer scanner 16 chan-

nels, 1.5-T, with dedicated hand protocol was used.
The following MRI 2D, without gadolinium admin-

istration, sequences were acquired: STIR (Short Tau 
Inversion Recovery), T2 MERGE (Multiple Echo Re-
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combined Gradient Echo) and T1 FSE (Fast Spin Echo). 
STIR was performed in axial plane; slices perpendicular 
on the metacarpal and phalangeal bones, included the 
radio-ulnar joint and the distal phalangeal bone of 3rd fin-
ger. T2 MERGE and T1 FSE in coronal plane covered 
the whole region, from dorsal to the palmar aspect. Slices 
were obtained parallel to the metacarpal and phalangeal 
bones. The same joint/tendon set as in MSUS evaluation 
was assessed together with following bones: distal radius 
epiphysis, carpal bones, digit 1-5 metacarpal, proximal 
and distal phalanx bones. Acquisition parameters are 
shown in Table I.

All MR images were assessed by a trained muscu-
loskeletal radiologist with more than 14 years of expe-
rience who was blinded to clinical details. The follow-
ing parameters were assessed based on the Outcome 
Measures in Rheumatology Clinical Trials (OMERACT) 
Rheumatoid Arthritis MRI Scoring System (RAMRIS): 
joint synovitis, bone marrow edema, bone erosions [41]. 
According to the present MRI protocol, without contrast, 
only joint capsule distension was possible to be identi-
fied. Absence of fluid was evaluated with 0 and fluid-like 
capsule distension (mild, moderate and severe) with 1, 2,  
and 3. 

The fluid-like signal inside the tendon sheaths was 
measured according to a previous MRI protocol de-
scribed [42] at the point of maximal thickness, perpen-
dicular to the tendon surface. Bone marrow edema and 
erosions were noted when present or absent. Intra-osse-
ous cysts were defined as sharply demarcated hyper-in-
tense lesions within the bone on any fluid-sensitive MRI 
sequences, visible on two planes, without destruction of 
the overlaying cortical bone. Cysts were quantified using 
a dichotomous score. 

Statistical analysis
Data were summarized according to their type. The 

quantitative data were presented as a median and inter-
quartile range (IQR = Q1–Q3, where Q1 = first quartile, 
Q3 = third quartile). Absolute frequencies expressed as 
the number of cases with a specific characteristic divided 
to the number of possibilities were used to summarize the 
presence of effusion (E), synovial hypertrophy (SH), ero-
sion (ER), and respectively osteophyte (O). The concord-
ance between MSUS and MRI findings was evaluated 

by dividing the number of agreements to the number of 
cases and the percentages were reported associated with 
the 95% confidence interval [43].

Results

Ten healthy volunteers, all women, age between 24 
and 32 years (median 29, IQR [26.00–31.25]) were in-
cluded. All participants were right handed, half of them 
showing history of moderate physical effort. One par-
ticipant had Hashimoto thyroiditis. Family history of RA 
was present in two participants and skin psoriasis and 
morfea in two other participants.

Most participants had normal body mass index (8/10), 
while two of them were obese (BMI range from 18  
kg/m2 to 28 kg/m2, median of 19 kg/m2 and IQR (19 to 
22). Four out of 10 participants were smokers (≤8 ciga-
rettes/day).

Overall, a low frequency of inflammatory-like and 
structural lesions were identified. MSUS evaluation iden-
tified SH in 7/20 (35%, 95%CI [15.25 to 59.75]) wrist 
joints, with distribution in both hands (4 of grade 1 and 
3 of grade 2), grade 1 effusion in 6/80 (7.5%, 95%CI 
[2.52 to 14.98]) MCPj 2-5, one joint having in addition 
SH grade 1 (1.25%). Osteophytes were detected in 2/80 
(2.5%, 95%CI [0.02 to 8.73]) MCPj 2-5 and in 40/100 
(40%, 95%CI [30.01 to 49.99]) of the PIPj 1-5. No joint 
presented PD signal or erosions. In one subject, a nutri-
tive vessel at the level of the 3rd metacarpal head was 
detected. No abnormalities were detected at the tendon 
compartments level. Dynamic tendon evaluation was 
asymptomatic and showed a smooth gliding of the ten-
dons along with a normal joints range of motion. A small 
amount of fluid/fluid-like material, grade 1 (<1.5 mm, 
range 0.3-1.2 mm, mostly concentric) was detected in-
side the flexor tendon sheaths in several locations, in all 
participants, with the highest amount detection at MCPj 
level. 

MRI evaluation identified very small quantities of ef-
fusion (grade 1) at the level of the MCPj 1 in 2/20 (10%, 
95%CI [1.00 to 59.00]), MCPj 2-5 in 5/80 (6.25%, 95%CI 
[2.52 to 13.73]), osteophytes in the 1/80 (1.25%, 95%CI 
[0.02 to 6.23]) MCPj 2-5 and 16/100 (16%, 95%CI [9.01 
to 24.99]) in the PIPj 2-5. No inflammatory-like pathol-

Table I. MRI acquisition parameters used

Plane and acquisition 
sequence

TR  
(ms)

TE  
(ms)

TI  
(ms)

FA  
(degrees)

FOV  
(cm)

Slice thickness 
(mm)

Interslice 
gap (mm)

Matrix (freq/ 
phase)

Pixel size 
(mm)

Axial STIR 5400-5500 42-44 120 160 15 3 0.3 288/192 0.5x0.8
Coronal T2 MERGE 450-520 15 20 21 2 0.2 256/224 0.8x0.9
Coronal T1 FSE 500-600 13-15 160 21 2 0.2 412/224 0.5x0.9

TR - Repetition Time, TE - Echo Time, TI - Inversion Time, FA - Flip Angle, FOV - Field of View
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ogy was detected at wrist level. No erosions and no signs 
of osteitis were detected. Several subchondral cysts were 
detected at carpal bones and metacarpal heads level (11 
- lunate, 3 - trapezium, 3 - trapezoid, 8 - capitate bone, 1 
- hamate, 3 - triquetrum, 4 - pisiform, 1 - MC1, 4 - MC2, 
4 - MC3, 1 - MC4). Effusion inside the tendon sheath 
(grade 0, mean of 0.8±0.34 mm) was detected in 8 (8%, 
95%CI [3.01 to 14.99]) tendon units- flexor tendons (4 
F2, 1 F3, 3 F4) and one (1%) C2, in 5 out of 10 subjects, 
mostly unilateral. Table II presents the summary and dis-
tribution of the grey scale lesions MSUS vs MRI. 

The overall concordance between US findings and 
MRI findings was evaluated whenever the results pre-
sented in Table II were discordant. Results are presented 
in Table III. 

The lowest concordance between MSUS and MRI 
was found in wrist (65%) and PIP for osteophytes (72%). 
MRI detected a number of 5 MCPj 2-5 with effusion ver-

sus 6 effusions detected on MSUS, showing high concor-
dance among the methods. Flexor tendon evaluation and 
ECU showed 100% concordance MSUS vs MRI. 

In figure 1 there are some findings encountered during 
MSUS and MRI examinations. 

Discussions

Our study is the first to compare MSUS with MR 
findings in healthy subjects at the hand level. The con-
cordance calculation between the two methods raised 
several issues to be clarified at the wrist, MCPj and ten-
don level. 

Concordance for tendon findings was 100%, confirm-
ing that multi-plane and dynamic USMS evaluation iden-
tifies with high accuracy the normal aspect of these struc-
tures. In addition, we confirmed with both methods that 
young healthy subjects, performing moderate daily hand 
effort, present no grey scale or Doppler pathology at ten-
don level. Our focus was especially oriented on flexor 
tendon since a previous MSUS study performed in preg-
nant versus non-pregnant healthy women (n=20 vs n=75) 
confirmed the absence of hand flexor tendon pathology in 
both groups, cross-sectional and longitudinal [36]. 

Tenosynovitis is a complementary, but different facet 
of the inflammatory involvement in RA and is present 
from early disease stages [44-46]. In this sense, imaging 
evaluation could add important information to the algo-
rithm increasing the specificity of the new ACR/EULAR 
classification criteria for RA, especially for early phases 
[44,47,48]. 

In order to understand how to include tendon inflam-
matory pathology in our clinical algorithm it is important 
to know about the frequency of such abnormalities in 
healthy subjects. 

Our findings are in line with other studies focusing 
on tendon evaluation in healthy subjects or including 

Table II. Summary and distribution of grey scale ultrasound (US) findings vs. magnetic resonance imaging (MRI) findings

US no/n MRI no/n
E SH ER O E SH ER O

Joints
Wrist
MCP 1
MCP 2−5
PIP 1−5

0/20
0/20
6/80
0/100

7/20
0/20
1/80
0/100

0/40

0/20
0/20
2/80
40/100

0/20
2/20
5/80
3/100

0/20
0/20
0/80
0/100

0/40

0/20
1/20
1/80
16/100

Tendons
C1−C5
F1−F5
ECU

0/100
0/100
0/20

0/100
0/100
0/20

0/100
0/100
0/20

0/100
0/100
0/20

MCP - metacarpophalangeal, PIP - proximal interphalangeal, C1-C5 - extensor tendon compartments 1-5, F1-F5 - flexor tendons of the digits 
1-5, ECU - extensor carpi ulnaris tendon, E - effusion, SH - synovial hypertrophy, ER - erosion, O - osteophyte, no - number of findings, 
n - number of areas. 

Table III. Details of concordance between US findings and 
MRI findings

Area Concordance 
no/n % [95%CI]

Wrist SH 13/20 65.00 [40.25 to 84.75]
MCP 1 E 18/20 90.00 [70.25 to 99.75]
MCP 1 O 19/20 95.00 [75.25 to 99.75]
MCP 2-5 SH 79/80 98.75 [91.27 to 99.98]
MCP 2-5 E 69/80* 86.25 [76.27 to 92.48]
MCP 2-5 O 77/80* 96.25 [90.02 to 98.73]
PIP O 72/100** 72.00 [62.01to 80.99]
PIP E 97/100 97.00 [92.01 to 98.99]

SH - synovial hypertrophy, E - effusion, O - osteophyte, MCP - meta- 
carpophalangeal, PIP - proximal interphalangeal, no - the number 
of concordances, n - total number of the evaluated structure, * none 
of the effusion identified by MSUS was identified by MRI and 
none of the effusion identified by MRI was identified by MSUS,  
** in 14 cases the osteophytes were identified by both MSUS and 
MRI
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healthy control groups, showing a very low prevalence of 
pathologic findings, mostly unilateral, which correlates 
probably more with age and intense physical activity in-
volving hands. A prospective MRI study focusing on the 
hand structures evaluation in 23 healthy subjects (range 
of 25-86 years) found out that only 4.3% (1 subject) pre-
sented extensor tendon involvement vs 17.4% (4 sub-
jects) showing flexor tenosynovitis. In this study, the sub-
jects were much older compared with our subjects [29].

Another study compared the prevalence of tenosyno-
vitis in the hands in RA patients vs 20 controls. Teno-
synovitis of the flexor tendons was present in 65% of 
patients vs only 1 of the 20 (5%) controls/1 tenosynovitis 
[32]. No tenosynovitis of the flexor tendons was found in 
the control group (n=10) of another study that addressed 
tenosynovitis as an important MRI finding in early RA 
[48]. In both these studies, the participants were older 
than in our study and tenosynovitis in the control group 
was assessed on gadolinium-enhanced MRI images. 

Wakefield et al analysed a group of not treated early 
RA patients using MSUS and MRI. They found a fre-
quency of 28% vs 64% digit flexors tenosynovitis and 
14% vs 40% for the extensors, in favor of MRI evalua-
tion. No tenosynovitis was detected in the control group 
of health subjects but they underwent only MSUS evalu-
ation [49]. 

The largest prospective MRI study performed on 
42 healthy volunteers identified fluid inside the tendon 

sheath as being a very common finding in at least 1 loca-
tion. The authors concluded that fluid in the finger flexor 
tendon sheaths may be a normal finding and that one 
should be cautious when interpreting these findings as 
pathology in MRI images without gadolinium adminis-
tration [31]. 

In our study we performed in each tendon a multi-
planar and dynamic MSUS evaluation.  All tendons that 
were evaluated as normal, not only fulfilled the morpho-
logic normality criteria but showed also a smooth glid-
ing pattern of the tendon in relation to the surrounding 
structures, with a normal range of motion; PD signal was 
absent in all evaluated tendons. Generally, MSUS infor-
mation obtained during dynamic manoeuvre scan may 
be of great value when differentiating true inflammatory 
pathology from imaging inflammatory-like pathology. 
A truly inflamed tendon will show gliding abnormali-
ties together with a variable spectrum of morphologic 
modifications in the tendon sheath/tendon belly. MSUS 
evaluation has this advantage over MRI where only mor-
phologic information can be depicted [39,50]. At this 
point we could hypothesize that tenosynovitis could be a 
very feasible discriminative imaging parameter between 
healthy subjects and groups with subclinical disease.  

At wrist joint level we faced the lowest concord-
ance between the two imaging methods. MSUS depict-
ed SH (grade 1 or 2, without PD signal) in 7/20 (35%) 
wrists, none being confirmed by MRI evaluation. This 

Fig 1. Female, 32 years old, 3rd MCP joint: a) longitudinal ultrasound with detection of a nutrient vessel; b) MRI, coronal plane, 2D 
MERGE sequence– no effusion inside the joint. Female, 26 years old, radiocarpal joint: c) longitudinal ultrasound, normal aspect 
between proximal radius (ra) and distal scaphoid bone (s); d) hypoechoic material distending the capsule (arrows) between proximal 
radius (ra) and distal lunate bone (l); e) MRI, coronal plane, 2D MERGE sequence, right hand – no pathological fluid at the radiocar-
pal joint, especially at lunate bone level (arrows). Female 32 years old, PIP joint: f) longitudinal ultrasound showing the sharp bony 
cortex- small osteophyte (arrow); g) MRI, coronal plane, T1 sequence - small osteophyte (arrow).
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result raised the problem of wrist SH overestimation 
with MSUS, mostly in situations when the transducer is 
placed between the radius and lunate bone. The presence 
inside the joint space of hypoechoic inhomogeneous ma-
terial distending the capsule may be interpreted as SH. 
A possible confounder could be represented by synovial 
folds being pushed inside the joint recess. So, in absence 
of any capsular distension visible at radio-scaphoid level, 
in absence of associated effusion or PD signal at this lev-
el one should be cautious in interpreting these modifica-
tions as MSUS radiocarpal synovitis. 

MCPj evaluation was provocative. Concordance be-
tween MSUS and MRI in detecting joint effusion (grade 
1 in both scoring systems) was high but joint by joint 
analysis revealed a total discordance between the find-
ings’ location. We concluded at this point that effusion 
grade 1 may be a challenge even for an experienced 
MSUS performer. More objective MRI findings could be 
explained by detecting these small quantities of effusion 
in the extreme lateral areas of the joint recess, a place 
with less accessibility for MSUS evaluation.

Regardless of the imaging method used, several other 
studies identified a low frequency of mild MCPj pathol-
ogy (SH and/or E), mostly unilateral, sometimes associ-
ated with a low grade PDUS [25-30,34-37,40]. 

Detection of intra-articular nutrient vessels may 
generate a false interpretation for the PD signal inside 
the joint. It is well known by now that subclinical PD 
positive synovitis is linked to further joint destruction 
in clinical remission RA patients [2]. In fact, PD sig-
nal is encountered more often in joints that show ero-
sions [51]. Therefore, in joints without grey scale SH, 
presence of true PD signal must be carefully analysed  
[52]. 

We detected no erosion and no bone marrow edema 
in any location suggesting that in very young healthy 
people these findings are absent in comparison to older 
healthy groups [26,27,34,52]. Osteophytes showed a 
lower concordance between the two imaging methods. 
MSUS detected very small osteophytes in 40% PIPj vs 
16% detected by MRI. Firstly, we could conclude that 
isolated osteophytes start to be present in very young 
healthy population (the same trend was observed also in 
cortical cysts). Secondly, the very sharp phalangeal bony 
cortex could be misinterpreted at MS US as an incipient 
osteophyte. 

Our study has the advantage of comparing for the first 
time two high resolution imaging methods in healthy sub-
jects offering a more objective mirror regarding possible 
imaging abnormalities. Indeed, the discussions were fo-
cussed on potential pitfalls to be encountered/avoided in 
clinical practice as well as in trials. 

The limits of the study were the low number of par-
ticipants, suitable only for a pilot study and the MRI 
protocol which did not include contrast agents. Contrast 
enhanced MRI evaluation has shown to be superior to 
the native one by detecting with a high accuracy synovial 
hypertrophy and differentiating it from effusion, both in 
joints and tendons. Because of ethical reasons we did not 
enrol healthy subjects for this kind of protocol, several 
studies showing a risk for potential side effects [53]. An-
other limit would be the absence of an interobserver reli-
ability exercise, both for MSUS and MRI. 

In conclusion, MSUS has been demonstrated to be 
a very accurate imaging method mostly for hand ten-
don evaluation. This will allow a better discrimination 
between normal and pathologic findings, adding sup-
plementary information. In the young population, flexor 
tenosynovitis coupled with wrist/MCPj synovitis should 
trigger the practitioners’ attention for early disease detec-
tion or future flare recognition. 
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increases the accuracy of differentiation of the 
skin layers, improves characterization of skin 
lesions, and increases the accuracy of mea-
surement of the thickness of the lesion [5].

Real-time elastography (RTE) provides 
data about the relative elasticity or rigidity 
(stiffness) of the tissues and structures being 
examined [11–13]. RTE measures tissue strain 
in response to an external force on the basis of 
the assumption that less deformation occurs 
in rigid tissues than in flexible ones. The elas-
ticity or stiffness of tissue is color coded de-
pending on intensity and is superimposed on 
a 2D image. The predominance of stiff tissue 
indicates a higher likelihood of malignancy 
[11, 14]. This method proved to be suitable in 
assessment of the breast [15, 16], thyroid [16, 
17], malignant lesions of the prostate [18, 19], 
and superficial lymph nodes [14, 16, 20, 21].

Given the increasing incidence of cuta-
neous melanoma [22, 23], it is necessary to 
develop imaging techniques for noninvasive 
early and complex diagnoses [24]. The pri-
mary objective of our study was to evaluate 
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C
utaneous melanoma is one of the 
most severe skin diseases and 
has had an increasing incidence 
in recent decades. The global in-

cidence is approximately 160,000 new cases 
every year with 48,000 deaths [1–4]. The 
prognosis of cutaneous melanoma depends 
on the vertical growth of the tumor (patho-
logic Breslow index) [5, 6]. This index is pos-
itively related to the probability of lymph 
node involvement and to the risk of distant 
metastasis. Other important histologic prog-
nostic factors are the presence of ulceration, 
mitotic rate (number of mitoses/mm2), and 
Clark level of invasion [7, 8]. Poor prognosis 
also correlates with increasing age, male sex, 
and localization (truncal and head and neck 
locations have a poorer prognosis than tu-
mors on the limbs) [2, 3, 7].

Highly accurate preoperative evaluation of 
cutaneous melanoma lesions is essential for 
establishing an optimal therapeutic approach 
and for improving the survival rate [9, 10]. Use 
of very-high-frequency ultrasound (> 20 MHz) 
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OBJECTIVE. The primary objective of this study was to evaluate the usefulness of very-
high-frequency ultrasound as tool for assessment of skin melanoma by investigation of the 
correlation between the ultrasound measurement of the thickness of a melanoma and the his-
topathologically measured Breslow index. The secondary objective was to assess the potential 
role of real-time elastography in the preoperative evaluation of skin melanoma. 

SUBJECTS AND METHODS. The study included 42 cutaneous melanoma lesions in 
39 adult subjects examined in the division of ultrasound of a department of radiology between 
September 2011 and January 2015. Gray-scale sonographic features at 40 MHz (thickness, 
echogenicity, contour) and real-time strain elastographic (qualitative and semiquantitative, 
strain ratio) characteristics were evaluated and compared with the pathologic results. 

RESULTS. The melanoma lesions had a homogeneous hypoechoic appearance with a reg-
ular contour and stiff or medium consistency. The mean difference between Breslow index 
and ultrasound thickness was –0.05 mm (95% CI, –0.24 to 0.13 mm), sustaining the absence 
of significant differences between these two measurements. A strong relation was identified 
between real-time elastographic appearance and strain ratio for the relations between lesion 
and hypodermis and between lesion and neighboring dermis (p < 0.002) or hypodermis. 

CONCLUSION. Our study showed that very-high-frequency ultrasound and real-time 
elastography can be useful examinations for comprehensive preoperative evaluation of cuta-
neous melanoma. 

Botar-Jid et al.
Ultrasound and Elastography of Cutaneous Melanoma
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the usefulness of very-high-frequency ultra-
sound as a tool for assessment of cutaneous 
melanoma by investigation of the correla-
tion between ultrasound measurement of the 
thickness of melanoma and the histopatho-
logically measured Breslow index. A sec-
ondary objective was to assess the potential 
role of RTE in the preoperative evaluation of 
cutaneous melanoma.

Subjects and Methods
A prospective study was performed between 

September 2011 and January 2015 in the division 
of ultrasound of the department of radiology at a 
county emergency hospital. The study included 
only patients with skin lesions that were clinically 
suspected of being malignant melanoma but who 
had not undergone cutaneous biopsy or surgery at 
the level of the identified lesion. The exclusion cri-
teria were having undergone a specialized clini-
cal examination, the presence of a skin lesion oth-
er than melanoma at clinical examination, having 
undergone any dermatologic treatment, and previ-
ous surgery in the area of the lesion.

The very-high-frequency ultrasound evalua-
tion was performed with a Sonotouch and Tab-
let system (Ultrasonix Medical Corporation) with 
an 8–40-MHz linear transducer operating at 40 
MHz and with RTE capability. Each cutaneous le-
sion was scanned in the transverse and longitudi-
nal planes with compression perpendicular to the 
lesion. For RTE examinations, a wide color win-
dow was used in an attempt to include the lesion 
and surrounding normal epidermis, dermis, and 
hypodermis. Whenever possible, more than one-
half of the ROI width containing nontumoral tis-
sue was examined. Images with a good acquisi-
tion quality scale, defined as midrange light-green 
coloring, were stored. Three different images ob-
tained with both techniques (2D ultrasound and 
RTE) were stored for each lesion. The following 
data were collected for each subject who met the 
inclusion criteria.

With 2D ultrasound, the thickness of the mela-
noma was based on the greatest thickness of the 
tumor; it was a quantitative variable measured in 
millimeters. Echogenicity was measured in com-
parison with that of the neighboring dermis; it 
was a dichotomous qualitative variable recorded 
as homogeneous hypoechoic or nonhomogeneous 
hypoechoic. Contour was recorded as a qualita-
tive variable on a nominal scale as regular, irregu-
lar, or ulcerated surface. The ultrasound gel was 
in sufficient quantity that the transducer caused 
minimal compression to not alter tumor thickness.

With RTE, qualitative tumor elasticity (low, 
medium, or high) was based on intratumoral dis-
tribution of colors. Flexible tissues were coded 

in red, medium-elasticity tissues were coded in 
shades of yellow and green, and stiff tissues ap-
peared in shades of blue. Semiquantitative as-
sessment of tumor elasticity was performed by 
measuring the strain ratio, which was a semiquan-
titative variable. Strain ratio is a measurement of 
the elasticity of the tumor relative to that of nor-
mal epidermal and dermal tissue. To measure 
strain ratio, we used two similar ROIs that were 
the same size for all lesions. For each lesion, we 
performed three measurements, and the average 
value was considered for this study. Strain ratios 
were calculated for a lesion to neighboring dermis 
and for a lesion to underlying hypodermis.

The 2D ultrasound image with the greatest val-
ue for tumor thickness was retained. A single RTE 
image, considered by the examiner to be the most 
representative and reproducible for the lesion, was 
also retained for analysis. All very-high-frequen-
cy ultrasound and RTE examinations were per-
formed by one radiologist with 11 years of ultra-
sound experience and 7 years of RTE experience. 
Thickness, contour, echogenicity, qualitative stiff-
ness, and strain ratio were compared with the his-
topathologic results. Informed consent was ob-
tained from each patient included in the study. The 

study protocol was approved by the ethics com-
mittee of the institution.

Data were summarized as mean and SD for 
measurements that proved normally distributed. 
Qualitative characteristics were summarized as 
percentages and 95% CI calculated with an ex-
act method [25, 26]. The z test for proportions was 
used to compare pairs of groups for qualitative 
variables. A significance level of 5% was applied 
to compare two groups, and in the comparison 
of three groups, a significance level of 1.7% was 
used: α* = α/K, where K is the number of compari-
sons, and K = k ∙ (k – 1) / 2, where k is the number 
of groups, three in this study.

Simple linear regression analysis was conducted 
to identify the relation between Breslow index and 
ultrasound thickness under the assumption of lin-
earity between these two variables. The Cook dis-
tance (Di) is used to identify subjects who signifi-
cantly influence the model. Any lesion with Di > 4/n, 
where n is the sample size, was considered influen-
tial and was withdrawn from the regression analysis. 
The relation between RTE and ultrasound param-
eters was quantified with the Spearman correlation 
coefficient. Statistical analysis was conducted with 
Statistica software (version 8.0, StatSoft).

TABLE 1: Summaries of Bidimensional, Real-Time Elastographic, and 
Histopathologic Examinations

Characteristic Value p

Two-dimensional ultrasound

Thickness (mm)a 2.53 ± 1.54

Echogenicityb < 0.0001

Homogeneous hypoechogenic 69.05 (52.44–83.28)

Nonhomogeneous hypoechogenic 30.95 (16.72–47.56)

Contourb < 0.0001c

Regular 57.14 (40.53–71.37)

Irregular 38.10 (23.87–54.71)

Ulceration 4.76 (0.01–16.61)

Real-time elastography

Elasticity (qualitative)b < 0.0005d

Low 45.24 (28.63–61.85)

Medium 42.86 (28.63–59.47)

High 11.90 (4.82–26.13)

Elasticity (semiquantitative)a

Strain ratio, lesion vs dermal normal tissue 1.02 ± 0.49

Strain ratio, lesion vs hypodermal tissue 2.16 ± 1.32

Histologic examination

Breslow indexa 2.78 ± 1.38
aMean ± SD.
bPercentage with 95% CI in parentheses.
cSignificant difference for percentage between regular versus ulceration and irregular versus ulceration.
dSignificant difference for percentage between low versus high and medium versus high.
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Results
A total of 42 cutaneous melanoma le-

sions in 39 subjects (21 women, 18 men; 
mean age, 56.56 ± 15.44 years) who met the 
inclusion criteria were assessed. One sub-
ject, a 49-year-old woman, had two localiza-
tions (left arm and elbow), and one subject, 
a 75-year-old man, had three localizations 
(thoracic, scapular, and lumbar). The three 
most frequent localizations of the lesions 
were leg (16.6%; 95% CI, 7.2–30.9%), lum-
bar or thoracic region (11.9%; 95% CI, 4.8–
26.13%), and mammary region (9.5%; 95% 
CI, 2.4–21.4%). The other localizations of le-
sions were as follows: scapular (7.1%; 95% CI, 
2.4–19.0%); cervical, shoulder, arm, thumb, 
popliteal region, foot (each with a frequency 
of 4.8%; 95% CI, 0.1–16.6%); and thigh, el-
bow, interscapular region, face (frequency, 
2.4%; 95% CI, 0.1–11.8%). The main charac-
teristics of the lesions investigated with 2D 
ultrasound, RTE, and histologic examination 
are presented in Table 1 and Figures 1–3.

The Breslow index could not be calculated 
for five lesions (11.9%; 95% CI, 4.8–26.1%), 
which were included in the stage in situ and 
excluded from the study. Thus, 37 lesions 
were included in the analysis in which Bre-
slow index was calculated. Breslow index 
proved linearly related to ultrasound thick-
ness. The results of regression analysis af-
ter removal of influential data (Breslow in-
dex, 5 mm; ultrasound thickness, 2.68 mm; 
Cook distance, 3.5 times as great as thresh-
old) are presented in the following equation 
and graphed in Figure 4:

Breslow index = 0.9495 × 
	 ultrasound thickness
R = 0.9594, SE = 0.3790, n =36
F = 405, p (F statistic) = 1.82 × 10–20

t = 47.44, p (t statistic) = 2.33 × 10–33,

where R is the Pearson correlation coeffi-
cient, SE is the standard error of the estimate, 
n is the sample size, F is the statistic associ-
ated with the Fisher test, and t is the statistic 
associated with the t test.

With the value of the Breslow index as 
the reference standard, the mean of the 
difference between Breslow index and ul-
trasound thickness was  –0.05 mm (95% 
CI,  –0.24 to 0.13 mm). The 95% CI asso-
ciated with the mean of the difference sus-
tained the absence of significant differ-
ence between Breslow index and ultrasound 
thickness (t = –0.58, p = 0.5655). Figure 5 
shows the similarity between ultrasound 

thickness and Breslow index for a male sub-
ject with cutaneous melanoma on the lum-
bar region. The relation between qualita-
tive appearance of the lesion at RTE and the 

thickness of the lesions measured with ul-
trasound, the lesion to dermis strain ratio, 
and lesion to hypodermis strain ratio proved 
statistically significant (Table 2).

Fig. 1—37-year-
old woman with 
cutaneous melanoma. 
Two-dimensional 
ultrasound image 
shows homogeneous 
hypoechoic lesion 
localized to scapular 
region.

Fig. 2—71-year-old 
man with cutaneous 
melanoma. Two-
dimensional ultrasound 
image shows 
nonhomogeneous 
hypoechoic lesion 
localized to lumbar 
region.

Fig. 3—43-year-old 
woman with cutaneous 
melanoma. Real-time 
elastogram shows stiff 
skin lesion.

TABLE 2: Spearman Correlation Coefficients (ρ) and Associated Significance (p) 
of Real-Time Elastography

Characteristic ρ p

Real-time elastographic appearance and ultrasound thickness of the lesion −0.3052 0.0494

Real-time elastographic appearance and strain ratio of lesion to normal dermis −0.4660 0.0019

Real-time elastographic appearance and strain ratio of lesion to hypodermis −0.5792 0.0001
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Discussion
The mean age of the patients in this study 

was 57 years, comparable to data in the lit-
erature that show the decade with the high-
est frequency is 50–60 years [22] or 55–64 
years [27]. In our study, the most common lo-
cations of cutaneous melanoma were the legs 
and the lumbar and thoracic regions. Fernán-
dez Canedo et al. [10] found that most lesions 
were located on the trunk and limbs. Living-
stone et al. [1] and Haddad et al. [2] found the 
highest frequency on the back and the legs.

Our study showed that tumor echogenici-
ty is an important parameter in the character-
ization and diagnosis of melanoma, most in-
juries (69.05%) following the homogeneous 
hypoechoic model (p < 0.0001) [2–6, 28, 29] 
(Table 1). Contour of the lesions was another 
statistically significant descriptor (p < 0.001) 
in the study group. Most tumors had a regular 
contour (57.14%), only 38.10% being irregu-
lar (Table 1). Only a small number of cases 
(4.76%) presented ulceration. Regular contour 

of cutaneous melanoma correlates with a fa-
vorable evolution, whereas ulceration is asso-
ciated with increasing risk of lymphatic inva-
sion and development of distant metastasis [2, 
3, 5, 6]. With the foregoing considerations tak-
en into account, favorable outcome for most of 
the patients in the study is expected.

The use of elastography in the evalua-
tion of skin lesions has been the subject of 
research conducted to determine the benign 
or malignant nature of lesions. A few studies 
conducted in the early period of clinical elas-
tography showed that this technique has the 
potential to be useful in the diagnosis of skin 
tumors. In reported cases, the tumors were 
diagnosed as malignant on the basis of col-
or distribution on elastograms [14, 30, 31]. In 
our study, tumor elasticity was a statistically 
significant descriptor (p  < 0.0005): 45.24% 
of the tumors were stiff at RTE, and 42.86% 
had moderate elasticity (Table 1). It is note-
worthy that thicker tumors had low elastic-
ity and thin tumors appeared more flexible. 

The variability of tumor thicknesses in our 
study may explain the larger number of tu-
mors with medium or high elasticity.

To our knowledge, semiquantitative as-
sessment of lesion elasticity (strain ratio) 
compared with the neighboring dermis and 
hypodermis has not been previously report-
ed. We measured high strain ratios, which 
suggest that a lesion is stiffer than neighbor-
ing dermis and hypodermis. Calculation of 
lesion-to-dermis strain ratio may prove more 
reliable because the ROIs may be placed at 
the same depth. However, the proximity of 
both lesion and dermis to the transducer 
may induce false stiffness. In an attempt to 
avoid this effect, we calculated the strain ra-
tio between the tumor and underlying hypo-
dermis. The use of hypodermis is justifiable 
because the hypodermis can be considered 
a landmark of constant elasticity and, in the 
absence of surgical or local changes, has re-
producible stiffness. Investigators in previ-
ous studies [32] recommended that the depth 
difference between the two ROIs (measured 
in the anteroposterior direction) should not 
exceed 5 mm. By following these recommen-
dations, we attempted to avoid strain decay 
by depth. In all lesions, the same depth dif-
ference between the tumor and the maximal 
ROI of the reference tissue was observed. All 
of the foregoing technical considerations ad-
dress method reproducibility. In our study, 
semiquantitative assessment of lesion elas-
ticity compared with the elasticity of the ad-
jacent dermis and underlying hypodermis 
by means of strain ratio showed averages of 
1.02 and 2.16. The semiquantitative evalua-
tion of lesion elasticity may represent an ad-
ditional factor for complete characterization 
of the tumor. To our knowledge, the potential 
of this ratio has not been previously reported.

Evaluation of the lesion thickness of cu-
taneous melanomas is extremely important 
in both management and prognosis. Bres-
low index correlates positively with the prob-
ability of lymph node involvement and with 
the risk of distant metastasis. Several studies 
have assessed the correlation between mel-
anoma thickness measured with ultrasound 
and pathologically. Most of them showed a 
significant statistical correlation between 
these two measurements [28, 29, 33]. Kai-
karis et al. [34] used high-frequency ultra-
sound (14 MHz) to find an association be-
tween noninvasive ultrasound findings and 
morphologic findings in the measurement 
of cutaneous melanoma thickness influenc-
ing surgical strategy. They found a low corre-
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Fig. 4—Graph shows 
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Fig. 5—68-year-old 
man with cutaneous 
melanoma of lumbar 
region. Ultrasound 
image shows ultrasound 
thickness is 1.09 mm. 
Breslow index is 1.1 mm.
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lation between ultrasound melanoma thick-
ness and Breslow index for thin tumors (1–2 
mm). However, they also found significant 
correlation for thicker melanomas (> 2 mm). 
Very-high-frequency ultrasound (20 MHz) 
measurements were found to correlate well 
with the depth of thick melanomas but were 
not sufficiently accurate for thinner melano-
mas. The evidence showed that using high 
frequency (lower penetrance) may be more 
successful in estimation of tumor size than is 
20-MHz ultrasound [10, 35].

Kleinerman et al. [36], using very-high-fre-
quency ultrasound (75 MHz), found signif-
icant correlations with Breslow depth for le-
sions with an average thickness of 0.4 mm. 
Although results of several studies suggest-
ed that preoperative 75-MHz very-high-fre-
quency ultrasound scanning may be a reli-
able means of predicting lesion size [10, 35, 
36], the authors recognized limitations in the 
use of 20-MHz ultrasound to assess tumor 
margins. These limitations are related to in-
flammatory infiltrates associated with cutane-
ous melanoma, which may create hypoechoic 
extension and cause overestimation of tumor 
size [36]. In our study, in which scanning was 
performed at 40 MHz, ultrasound thickness 
(2.53 ± 1.54 mm) had linear correlation with 
Breslow index (2.78 ± 1.38 mm), the determi-
nation coefficient being 0.9205 (Fig. 4), great-
er than reported by Jasaitiene et al. [35].

Other possibly useful information (Table 2) 
was found by analyzing the correlation between 
the RTE appearance and other sonographic 
features of cutaneous melanoma lesions. Thus, 
in the relation between the elastographic fea-
tures and tumor thickness, we observed that 
elasticity of cutaneous melanoma decreases 
with increasing thickness, which is probably 
explained by increased packing of cells (mela-
nocytes and inflammatory infiltrate).

The qualitative elastographic appearance 
was significantly associated with semiquan-
titative elastographic measurements, that is, 
the strain ratios between the tumor and ad-
jacent normal dermis and the tumor and hy-
podermis. In this study, cutaneous melanoma 
lesions appeared stiffer than surrounding tis-
sues, probably as a result of the presence of 
malignant infiltration.

A limitation of this study was that the num-
ber of skin lesions investigated was small be-
cause it was difficult to find the patients and 
acquire their consent for enrollment in the 
study, which was conducted at a single institu-
tion. However, we present only partial results 
of the study, which is ongoing. Another pos-

sible limitation might have been bias intro-
duced by the fact that all examinations were 
performed by one radiologist, so interobserv-
er and intraobserver agreement was not ana-
lyzed. This bias is not necessarily deleterious, 
because it becomes a constant factor. Shear-
wave elastography may be a more objective 
way of quantifying stiffness, but the method 
was not available for this study.

To our knowledge, this is the first report of 
the combined use of elastography and very-
high-frequency sonography in the assess-
ment of cutaneous melanoma. Additional re-
search with larger samples is necessary to 
certify the results presented.

Conclusions
This study showed that very-high-fre-

quency ultrasound is useful for preoperative 
evaluation of cutaneous melanoma. No sig-
nificant difference was found between the 
sonographic and histologic measurements 
of Breslow index. Information obtained with 
RTE contributes to assessment of the prima-
ry skin tumor and may be useful for complex 
preoperative diagnoses. Because malignant 
tumors are stiffer than benign ones, elastog-
raphy added to high-frequency ultrasound 
imaging of the skin has potential for improv-
ing the accuracy of traditional clinical diag-
nosis of cutaneous melanoma.
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Abstract 
Aim: To evaluate the morphostructural aspects and nail vascularity in the nail unit of patients with psoriasis, and to evalu-

ate whether there are differences among psoriatic patients with and without nail involvement. Material and methods: Nail 
plates and nail bed changes, nailfold vessel resistance index (NVRI), power and color Doppler blood flow appearances were 
investigated in 23 patients with moderate-to-severe psoriasis, with and without nail involvement, and compared to those of 
11 healthy participants. Results: Ventral nail plate deposits were present only in psoriasis patients. Irregular or totally fused 
nail plates and increased nail plate thickness was frequently observed in psoriasis patients compared to controls. NVRI was 
increased in psoriatic patients’ nails compared to controls (0.62 vs. 0.57, p<0.0001). In the psoriasis patient group there 
was significant statistical difference in NVRI in patients with nail involvement compared to those without (0.66 vs. 0.55, 
p<0.0001). Conclusions: High-frequency gray scale sonography provides valuable information regarding morphostructural 
changes in nail unit structure in patients with psoriasis. Power Doppler imaging enables blood flow assessment in psoriasis 
nail induced changes.

Keywords: nailfold vessel resistance index (NVRI), nail psoriasis, power and color Doppler sonography
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Introduction

Psoriasis is a chronic, relapsing skin disease affecting 
millions of people worldwide, with a general prevalence 
estimated to be approximately 2-3% [1]. While skin le-
sions are the most typical findings of psoriasis, nail in-
volvement is an often-overlooked clinical manifestation 
of the disease. Nail changes were reported to occur in up 
to 40% of patients with mild psoriasis and 50-70% with 
severe disease [2,3]. Samman et al reported an 80% to 
90% lifetime incidence of nail involvement in psoriatic 

patients [4]. Nail psoriasis, in the absence of cutaneous 
lesions, can be present in 5% of patients [5] and repre-
sents a special diagnostic challenge.

Traditionally, nail psoriasis is a clinical diagnosis 
due to the fact that nail biopsy, besides being a bleeding 
and painful procedure, may cause detrimental cosmetic 
changes such as scarring and permanent nail dystrophy 
[6]. Dermoscopy and videodermoscopy, generally used 
in describing benign and malignant tumoral skin lesions, 
were reported as being non-invasive, quickly applied, 
and easy-to-use methods that may aid in diagnosing nail 
psoriasis [7-10]. Capillaroscopy, usually used to study 
the microcirculation in collagen disease, can also be used 
to detect psoriasis induced microvascular changes, such 
as decreased capillary density and avascular areas in the 
periungual area [11].

High-resolution ultrasonography (HRUS) was used 
in assessing nail apparatus anatomy and soft tissues 
changes in patients with different nail pathologies and 
provided appropriate diagnosis and additional informa-
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tion to the clinical examination [12]. Easy to perform and 
having no risk of irradiation, HRUS has been proposed 
as a valuable imaging method in assessing the extension 
and activity of both nail and cutaneous psoriasis [13,14].

The aim of this study was to evaluate both the mor-
phological appearance and blood flow changes in the nail 
apparatus of patients with psoriasis compared to disease 
free controls using gray-scale and color and power Dop-
pler HRUS.

Material and methods

Study design
This was a single center, transversal, observational 

study, from July 2014 until March 2015. Twenty-three 
adult patients (age > 18 years old), with moderate-to-se-
vere chronic plaque psoriasis measured by Psoriasis Area 
and Severity Index (PASI>10), lasting at least 6 months, 
with or without fingernail involvement were included in 
the case group. Patients with clinical psoriatic arthritis or 
other inflammatory conditions affecting joints, such as 
rheumatoid arthritis, were excluded. Patients with diabe-
tes, arterial hypertension, smokers (patients who smoked 
cigarettes daily or who had stopped smoking <10 years 
before enrollment in the study), and patients following 
systemic or topical treatment on their nails (for nail pso-
riasis) at the time of the clinical examination or in the 
last 3 month prior to examination, or having a skin dis-
ease that is associated with nail involvement and those 
who used artificial nails in the past 6 months were also 
excluded. The control group consisted of eleven non-
smoking healthy subjects, age and sex matched with the 
cases, without psoriatic arthritis, diabetes, or arterial hy-
pertension. The University Ethics Committee approved 
the study and all subjects gave their written consent prior 
to the enrollment.

Clinical evaluation
All subjects were interviewed to collect demographi-

cal data: age, gender, age of onset and duration of pso-
riasis, age of onset, and duration of fingernail psoriasis. 
The severity of skin psoriasis was assessed using PASI 
(ranging from 0- no disease to 72- maximal disease), a 
score that combines the severity (erythema, induration, 
and desquamation) and percentage of affected area [15]. 
Onycomycosis was excluded by direct microscopic ex-
amination (10% potassium hydroxide) in patients with 
nail bed hyperkeratosis. 

Ultrasonography assessment 
Real-time HRUS was performed by an experienced 

sonographer with more than 15 years’ experience using 
an Ultrasonix Sonotouch scanner (Ultrasonix Medical 
Corporation, Richmond, Canada) equipped with a varia-

ble-frequency transducer ranging from 8 to 40 MHz (fo-
cal range 0.2-3 cm, image field 16 mm) to visualize nail 
anatomy. 

In order to observe the blood flow a Hitachi EUB 
8500 System equipped with a variable-frequency trans-
ducer ranging from 6.5-13 MHz was used. The imaging 
parameters for Doppler ultrasound examinations were 
set to increase the detection of low-velocity, low-volume 
flows within the small inside of the nail bed (color Dop-
pler: PRF 500-1000 Hz, wall filter 25-50 Hz, power Dop-
pler: PRF 350-700 Hz, wall filter 22-50 Hz; color and 
power Doppler: color gain maximized for optimal sen-
sitivity while avoiding excessive color noise, color vs. 
echo priority ranging from 70 to 90% and color persis-
tence adjusted to high values). 

The sonographic examinations were performed in a 
room with a constant controlled temperature of 24ºC, af-
ter a 20 minute rest period. The patient was seated, with 
the forearm in a neutral position over the table and the 
nails were scanned on longitudinal and transverse planes. 
The ultrasound gel had sufficient quantity so that the 
transducer exerted no compression, to avoid alteration of 
nail thickness or blood flow. 

Each fingernail was scanned in the gray scale mode 
with 40MHz frequency transducer to detect morpho-
structural changes (deposits in dorsal nail plate, nail 
plates irregularities and thickness, nail bed thickness), 
and afterwards with the power Doppler technique to en-
able blood flow visualization. Nail plate thickness repre-
sents the distance between the two nail plates. Nail bed 
thickness was obtained by measuring the distance from 
the ventral nail plate to the dorsal of the distal phalanx at 
2.5 mm from the proximal nail fold.

Using Doppler examination, in the proximal third of 
the nail plate of each fingernail, the maximum speeds of 
flow in systole (Qs) and in diastole (Qd) were registered 
and the nailfold vessel resistance index (NVRI) was as-
sessed as the following ratio: (Qs-Qd)⁄Qs. The NVRI ra-
tio ranges from 0 (no resistance to blood flow at all: no 
changes in the circulation of blood in systole and dias-
tole) to 1 (maximum resistance to blood flow circulation 
of blood only at systole) [16]. Color and Power Doppler 
spots in nail bed were registered as follows: low <25%, 
medium 25-50%, and multiple >50% of nail bed’s area 
occupied by vascular structures.

Statistical analysis
Descriptive and inferential statistical methods were 

applied using Statistica software (version 8, StatSoft, 
USA). Qualitative data were summarized as percent-
ages and associated 95% confidence interval (provided 
in squared brackets along the manuscript) computed 
with an exact method [17]. The normal distribution of 
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quantitative data was tested using the Shapiro-Wilks 
test and whenever the p-value was higher than 5%, data 
were considered normally distributed. Quantitative data 
that proved normally distributed were summarized as 
mean±standard deviation; otherwise median and inter-
quartile range (expressed as Q1‒Q3, where Q1 is the first 
quartile and Q3 is the third quartile) was used. Compari-
sons between groups were conducted with Z test for pro-
portions (qualitative data), student t-test for independent 
samples for quantitative normally distributed data, and 
respectively Mann-Whitney test for quantitative data 
when Shapiro-Wilks null hypothesis (data follow normal 
distribution) failed to be rejected. Inferential statistical 
analysis was conducted at a significance level of 5%, and 
any p-value lower than 0.05 was considered statistically 
significant.

Results

Twenty-three patients with cutaneous psoriasis (14 
with nail psoriasis and 9 without nail involvement) and 
eleven healthy subjects were included in the study. Thus, 
on the sample there were evaluated 122 nails belonging 

to patients with psoriasis and 82 nails belonging to con-
trols.

Mean age in the control group was 46.09 years 
(±11.82SD), ranging from 20 to 59 years old, without 
significant differences when compared with patients in 
the psoriasis group (52.43±14.28SD).

Demographic and disease characteristics of the pa-
tients in psoriasis group are summarized in Table I. 

No statistical difference was observed between gen-
ders in the psoriasis patients, regarding mean age of on-
set of cutaneous psoriasis, mean duration of psoriasis or 
PASI score. 

In the control group there were no ventral nail plate 
deposits or irregularities in any of the nail plates (p<0.05), 
and only a low number of spots on Color and Power Dop-
pler imaging (fig 1) were detected.

In the psoriasis group 13.11% of the investigated nails 
presented deposits in the ventral plate; both of the nail 
plates had various degrees of involvement and the nail 
plates were significantly thicker compared to controls. 
Color and power Doppler assessment revealed an increased 
nail blood flow in psoriasis patients with a higher vascular 
resistance when compared to controls (fig 2, Table II).

Fig 1. Normal US nail aspect in a non affected 47 years old 
woman: a) 2D US – thickness of the nail bed; b) 2D US – meas-
urement of the nail plaques thickness; c) color Doppler US – 
aspect of the vessels in the nail bed; d) spectral Doppler – meas-
urement of the Doppler indices in nail vessels

Fig 2. US aspect in a 52 years old female with psoriasis and no 
clinical affected nails: a) 2D US – thick-ness of the nail bed; b) 
2D US – measurements of the nail plaques thickness; c) color 
Doppler US – tortuous vessels in the nail bed; d) spectral Dop-
pler – Doppler indices in nail vessels

Table I. Characteristics of patients in the psoriasis group

All
(n=23)

With nail involvement
(n=14)

Without nail involvement
(n=9)

 p-value

Age (years) 52.43±14.28 52.57±17.96 52.22±6.04 0.056 (0.95)
Gendera

  F
  M

35
65

21
79

56
44

|1.72| (0.08)

Mean age of onset of cutaneous psoriasis 36.39±12.69 32.07±12.68 43.11±9.91 -2.21 (0.03)
Mean duration of cutaneous psoriasis 15.96±13.10 20.36±14.47 9.11±6.70 2.17 (0.04)
PASI 17.81±3.64 18.79±3.37 16.29±3.70 1.67 (0.10)

Data are expressed as mean±standard deviation; a: %, Z-test for proportions; PASI = Psoriasis Area and Severity Index, F – female, M – male 
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Among patients with psoriasis, those who have had 
clinical fingernail involvement presented obvious mor-
phostructural US modifications: ventral nail plate de-
posits, irregular or totally fused together nail plates were 
frequently observed in those with nail involvement com-
pared to those without nail involvement.

Vascularization’s assessment revealed significant 
differences between the two subgroups in psoriatic pa-
tients: those with clinical nail involvement displayed a 

Table II. Nail US morphostructural and blood flow characteristics: cases versus controls 

Psoriasis (n=122) Control (n=82) Stat (p-value)
Ventral nail plate depositsa 13.11 [7.38–20.49] 0 [0.00–4.86] 3.41 (0.0006)
Nail plates aspecta

1 (regular)
2 (irregular)
3 (pointly fused)
4 (totally fused)

24.59 [17.22–32.78]
34.43 [26.24–43.44]
34.43 [26.24–43.44]
6.56 [2.47–12.29]

100.00[95.14–100]
0.00 [0.00–4.86]
0.00 [0.00–4.86]
0.00 [0.00–4.86]

-10.61 (<0.0001)
5.96 (< 0.0001)
5.96 (< 0.0001)
2.36 (0.0182)

CD spotsa

1 (low)
2 (medium)
3 (multiple)

36.07 [27.88–45.08]
54.92 [45.91–63.93]
9.02 [4.11–15.57]

100.00 [95.14–100]
0.00 [0.00–4.86]
0.00 [0.00–4.86]

-9.21 (<0.0001)
8.19 (<0.0001)
2.79 (0.0052)

PD spotsa

1 (low)
2 (medium)
3 (multiple)

36.89 [28.70–45.90]
54.10 [45.09–63.11]
9.02 [4.11–15.57]

100.00 [95.14–100]
0.00 [0.00–4.86]
0.00 [0.00–4.86]

-9.12 (<0.0001)
8.10 (<0.0001)
2.79 (0.0052)

Nail bed thicknessb 1.88 (1.71–2.03) 1.89 (1.78–2.00) -0.74 (0.4621)
Nail plates thicknessb 0.86 (0.60–1.14) 0.63 (0.59–0.67) 5.68 (<0.0001)
NVRIb 0.62 (0.55–0.69) 0.57 (0.55–0.58) 4.75 (<0.0001)

CD = Color Doppler; PD = Power Doppler; NVRI = nailfold vessel resistance index; a: % [95%CI], where CI = confidence interval; com-
parisons done with Z-test; b: median (Q1–Q3), where Q1 = first statistic, Q3 = third statistic; Mann-Whitney test for comparison between 
psoriasis and control group

Table III. Nail US morphostructural and blood flow characteristics in patients with psoriasis, with and without nail involvement

Nail involvement 
(n=79)

Without nail involvement 
(n=43)

Statistic (p-value)

Ventral nail plate depositsa 17.72 [10.14–27.83] 4.65 [0.05–16.23] 2.04 (0.0410)
Nail plates aspecta

1 (regular)
2 (irregular)
3 (pointly fused)
4 (totally fused)

26.58 [17.74–37.96]
36.71 [26.60–48.09]
29.11 [19.00–40.49]
7.59 [2.55–15.17]

20.93 [9.36–34.83]
30.23 [16.33–46.46]
44.19 [27.96–60.41]
4.65 [0.05–16.23]

0.69 (0.4887)
0.72 (0.4697)
-1.67 (0.094)
0.63 (0.5307)

CD spotsa

1 (low)
2 (medium)
3 (multiple)

34.18 [24.07–45.55]
55.70 [44.32–67.07]
10.13 [3.81–18.97]

39.53 [25.64–55.76]
53.49 [37.26–69.71]
6.98 [2.38–18.55]

-0.59 (0.5566)
0.23 (0.8147)
0.58 (0.5618)

PD spotsa

1 (low)
2 (medium)
3 (multiple)

34.18 [24.07–45.55]
55.70 [44.32–67.07]
10.13 [3.81–18.97]

41.86 [27.96–58.09]
51.16 [34.94–67.39]
6.98 [2.38–18.55]

-0.84 (0.4010)
0.48 (0.6307)
0.58 (0.5618)

Nail bed thicknessb 1.82 (1.66–2.00) 1.94 (1.78–2.06) -1.82 (0.0684)
Nail plates thicknessb 0.93 (0.69–1.24) 0.71 (0.51–0.97) 3.38 (0.0007)
NVRIb 0.66 (0.60–0.71) 0.55 (0.48–0.60) 4.68 (<0.0001)

CD = Color Doppler; PD = Power Doppler; NVRI = nailfold vessel resistance index; a: % [95%CI], where CI = confidence interval; com-
parisons done with Z-test; b: median (Q1–Q3), where Q1 = first quartile, Q3 = third quartile; Mann-Whitney test for comparison between 
psoriasis and control group.

great number of medium and multiple CD and PD spots, 
while those without nail involvement displayed more 
often a low number of spots on CD and PD imaging 
(fig 3).

The vascular resistance to blood flow measured by 
NVRI proved to be significantly higher in patients with 
psoriasis compared to controls, and among patients with 
psoriasis: those with nail involvement showed a higher 
mean±SD than those without (Table III).
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Sandobal et al measured the mean distance between 
the ventral plate and osseous margin of the distal phalanx 
and reported also higher values in psoriatic arthritis pa-
tients and patients with cutaneous psoriasis compared to 
rheumatoid arthritis patients [19].

Elongated, twisted, and tortuous capillary loops, of 
the microvascular dermal plexus, lead to an increased 
blood flow in both the psoriatic skin and the nail bed [20]. 
In normal conditions, a minimal quantity of blood flow, 
due to thin arterial and venous vessels, can be occasion-
ally detected by power Doppler in the nail bed [21]. Pow-
er Doppler was also reported as being a feasible highly 
sensitive tool in monitoring psoriatic plaque treatment 
response [22].

In our study color and power Doppler imaging re-
vealed increased blood flow in the enlarged vessels in the 
nail bed of patients with psoriasis compared to controls 
(p<0.005). This result is in line with those reported by 
other studies [13,14]. When measuring NVRI, significant 
differences in the NVRI between patients and controls 
(p<0.0001) and among patients with psoriasis, those with 
clinical nail involvement had a median NVRI higher than 
those without nail involvement (p<0.0001). The same 
NVRI outcome was reported by Husein El-Ahmed et al 
in a study assessing NVRI in the fourth fingernail of the 
non-dominant hand in 23 psoriatic patients compared to 
controls. Interestingly, they stated that they observed a 
decreased blood supply in the nail bed in psoriatic pa-
tients, probably due to dysfunction among endothelial 
cells and wall vessel thickening [22]. The difference in 
blood flow supply reports between our study and this 
study could be explained by the fact that they enrolled 
patients with psoriasis under systemic treatment with 
methotrexate or biologic agents at the time of the sono-
graphic evaluation, treatment that could have influenced 
measurement outcome. 

We acknowledge the fact that the ultrasonographic 
evaluation was performed only by one evaluator and he 
could not be blinded to the clinical nail findings, but the 
statistical analysis revealed significant differences de-
spite this limitation. Due to the synovio-entheseal inflam-
mation that occurs in psoriatic arthritis and its anatomic 
proximity to the nail unit, patients with clinical psoriatic 
arthritis were not included in this study, in order to assess 
only nail psoriasis induced changes. 

Our findings underline the necessity of correlating 
clinical modifications with ultrasound aspects in finger-
nail psoriasis: morphostructural changes in the nail unit 
could be detected in an early stage, even in clinical non-
affected nails, thus enhancing a precocious diagnosis 
and a better disease management. Nail bed’s blood flow 
assessment revealed important data regarding microvas-

Discussions

Due to its major negative impact on the physical and 
social quality of life, in the last decade, there has been an 
increasing interest in assessing nail involvement in pso-
riatic patients. High-frequency ultrasonography probes 
and sensitive color and power Doppler technique permit-
ted us to quantify both morphostructural and blood flow 
changes in the nail unit in patients with chronic moder-
ate-to-severe cutaneous psoriasis. 

Gray scale sonographic evaluation in nail apparatus 
showed deposits in the ventral nail plate only in patients 
with psoriasis, while none of the controls presented these 
changes. Moreover, among patients with psoriasis, the 
presence of ventral nail plate deposits were registered in 
17.72% of the involved nails and in 4.62% of the nails 
without clinical signs of involvement (p<0.05). These 
changes suggest the fact that HRUS can detect subclinical 
modifications in ventral nail plate in patients with cutane-
ous psoriasis but without obvious clinical involvement.

We found increased nail plate thickness in patients 
with psoriasis compared to healthy controls, with a sig-
nificant difference between those with and without clini-
cal nail involvement, similar data being also reported by 
Gisondi et al [18]. In contrast with the same study, we 
did not find increased nail bed thickness in patients with 
psoriasis, even though this modification was expected. 
This fact could be explained by different anatomical sites 
of ultrasound measurement (we performed this measure-
ment at 2.5 mm from the proximal nail fold) or by dif-
ferent stages of the nail disease (active or passive phase 
onichopathy). Also, the small number of enrolled pa-
tients and controls in our study could have influenced this 
outcome. In this matter, a histopathological investigation 
of nails could have helped in order to correlate high-fre-
quency sonographic aspects with underlying anatomical 
changes. 

Fig 3. US aspect in a 59 years old male with psoriasis and with 
clinical affected nails: a) 2D US – thick-ness of the nail bed; b) 
2D US – measurements of the nail plaques thickness; c) color 
Doppler US – tortuous vessels in the nail bed; d) spectral Dop-
pler – Doppler indices in nail vessels
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culatures alterations and could be taken in consideration 
as an adequate area to monitor targeted antiangiogenic 
therapy. This is the first study to report NVRI on a greater 
number of fingernail psoriasis and we propose this index 
to be taken into account when an ultrasound evaluation 
of this area is required.

In conclusion, we found that patients with psoria-
sis have ventral nail plate deposits, irregular or totally 
fused nail plates and increased nail plate thickness com-
pared to controls. In patients with psoriasis, an increased 
blood supply and higher resistance to blood flow were 
observed in patients with nail involvement compared to 
those without clinically nail disease. Our observations 
confirm that a nail unit is a suitable anatomic location for 
assessing blood flow changes in psoriatic onychopathy 
using high-frequency sonography with sensitive Power 
Doppler imaging.
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Abstract
Aim: To study the usefulness of color or power Doppler ultrasound (US) in the  pre-surgical evaluation of skin melanoma, 

and to correlate the Doppler characteristics with the appearance on high frequency ultrasound strain elastography (SE) in the 
preoperative evaluation of cutaneous melanoma. Materials and method: The study included 42 cutaneous melanoma lesions 
in 39 adult subjects examined between September 2011 and January 2015. Doppler US features (the presence and aspect of 
vascularization, and the number of vascular pedicles) and elasticity by strain elastography were evaluated together  with the 
pathological results. Results: The melanoma lesions presented hyper-vascularization, with multiple vascular pedicles and stiff 
appearance. Significant correlations between the thickness of the tumor, measured histopathologically by the Breslow index, 
and the degree of vascularization (p=0.0167), and number of vascular pedicles (p=0.0065) were identified. Strong correlations 
between the SE appearance and vascularization on one hand, and SE and the number of vascular pedicles were also identified 
(p<0.001). Conclusion: Our study demonstrates that Doppler US and SE offer useful information for THE preoperative evalu-
ation of cutaneous melanoma and may contribute to better defining the long term prognosis. 

Keywords: cutaneous melanoma, Doppler ultrasound, strain elastography, real time elastography
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Introduction

Cutaneous melanoma (CM) is the most important 
skin tumor with increasing incidence in the general pop-
ulation, including young people, with major health and 
socio-economic implications [1-3]. According to Scally 
et al, in 2013 there were about 76,250 new cases of CM 
which produced 9180 deaths [4] while according  to Li 
et al about 76,100 new cases were diagnosed in 2014 in 
the USA with an estimated 9710 expected deaths [5]. Pa-

tients with CM present a high risk of relapsing, the occur-
rence of metastases, and a low rate of long-term survival 
[5]. The prognosis of these patients depends not only on 
the thickness of the tumor (Breslow index), presence of 
ulceration, mitotic rate, or Clark level invasion [6,7], but 
also on tumor vascularization, which is correlated with 
the risk of recurrence, occurrence of metastasis, and re-
duced long-term survival [8-12]. 

To establish a complex, highly accurate preoperative 
diagnosis in patients with CM is necessary for the best 
therapeutic assessment in order to improve the survival 
rate. Ultrasound (US) has an important role in diagnosis 
and staging and for establishing the optimal treatment 
and follow-up of patients with CM [10,11]. Using high 
frequency transducers, US allow a good characterization 
of the skin tumors and assessment of the thickness of 
the tumor (ultrasound Breslow index) [10-12]. By using 
Doppler techniques, US detect the presence of vascular 
signal, describe the distribution and characterize intra-
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tumoral vessels, thus increasing the diagnostic accuracy 
[10-13]. 

Strain elastography (SE) offers information about the 
relative elasticity or stiffness of the tissues comparing the 
target lesion with surrounding normal tissues, on the as-
sumption that stiff tissues (as in most malignancies) are 
less deformable than the soft tissues (basically benign) 
[14,15]. The degree of elasticity is color coded, the elas-
tographic information being superimposed on the two-
dimensional image. 

The aim of this study was to assess the usefulness of 
color or power Doppler US in the pre-surgical evaluation 
of skin melanoma in relation with pathology results, and 
to correlate the information obtained by Doppler with the 
high frequency SE appearance in the preoperative evalu-
ation of CM. 

Material and methods

A prospective study was performed between Septem-
ber 2011 and January 2015. The study comprised patients 
with skin lesions having the clinical suspicion of malig-
nant melanoma, without previous cutaneous biopsy or 
surgery at the level of the identified lesion.

The exclusion criteria were: patients without special-
ized clinical examination, with other type of skin lesions 
than melanoma at clinical examination, patients who had 
underwent any dermatological treatment, and patients 
with previous biopsy or surgery in the area of the lesion.

All images were obtained using an Ultrasonix Sono-
touch scanner (Ultrasonix Medical Corporation, Rich-
mond, Canada) with an 8-40 MHz linear transducer and 
the possibility to perform Doppler ultrasound and SE.

The imaging parameters for Doppler ultrasound ex-
aminations were set to increase the detection of low-
velocity and low-volume flows (color Doppler: PRF 
500-1000 Hz, wall filter 25-50 Hz, power Doppler: PRF 
350-700 Hz, wall filter 22-50 Hz; color and power Dop-
pler: color gain maximized for optimal sensitivity while 
avoiding excessive color noise, color vs. echo priority 
ranging from 70 to 90% and color persistence adjusted 
to high values). The tumors were scanned in longitudinal 
and transverse planes. The ultrasound gel was in suffi-
cient quantity so that the transducer exerted no compres-
sion, to avoid alteration of tumor thickness or blood flow. 

For SE investigation each skin lesion was scanned 
in transverse and longitudinal planes with compression 
applied perpendicular to the lesion. A wide color win-
dow was used in order to include both the lesion and sur-
rounding normal epidermis, dermal, and hypodermal tis-
sue. Whenever possible, more than half of the region of 
interest width contained non-tumoral tissue. 

Images with a good acquisition quality scale, defined 
as midrange quality scale light green coloring, were 
stored. Three different images of Doppler US (with the 
most representative vascular signal) and SE (considered 
by the examiner to be representative and reproducible for 
the lesion) were stored for each lesion, for further analy-
sis. 

The following information was collected for each pa-
tient: 

•  Doppler US: the aspect of vascularization (no or 
low vascularization – few color spots; medium vascu-
larization – vascular signal <50% of tumor; hypervascu-
larization – vascular signal >50% of the tumor) and the 
number of vascular pedicles (single or multiple); 

•  Qualitative SE: intratumoral distribution of 
colors (soft tissues were coded in red, medium elastic-
ity tissues were colored in shades of yellow and green, 
and stiff tissues appeared in shades of blue). We used 
qualitative distribution of elasticity to correlate with 
the degree of vascularization: low elasticity for more 
than 50% of blue shades in the tumor; medium elastic-
ity for predominant shades of yellow and green and 
high elasticity for more than 50% red color inside of 
the skin tumors. For Doppler examinations the images 
of the most visible vascular signal were analyzed. A 
single SE image, considered by the examiner to be the 
most representative and reproducible for the lesion, 
was also retained for analysis. All Doppler and SE 
examinations were performed by the same radiologist 
with 12 years experience of US and 8 years experience 
of SE. 

Informed consent was obtained from each patient in-
cluded in the study. The study protocol was approved by 
the Ethical Committee of the institutions. 

Statistical analysis
Qualitative data were summarized as percentages 

and associated 95% confidence intervals (CI, provided in 
squared brackets), confidence intervals being calculated 
with an exact method [16]. The Breslow index was sum-
marized as a mean and standard deviation since it proved 
to be normally distributed. 

The comparison between the two proportions was 
made using the Z-test. The association in the contingen-
cy tables was carried out with the Fisher exact test. The 
relationship between the Doppler characteristics and the 
Breslow index and respectively between the SE appear-
ance and the Doppler characteristics was investigated us-
ing the Spearman correlation coefficient. 

Statistical analysis was conducted with Statistica 
software (v.8) at a significance level of 5% for compar-
isons of two groups and of 1.67% for comparisons on 
three groups. 
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Results

A number of 42 CM lesions belonging to 39 subjects, 
21 female and 18 male (one female subject, 49 years old 
with two localizations left arm and elbow and one male 
subject, 75 years old with three localizations – thoracic, 
scapular and lumbar), mean age of 56.56±15.44 years old  
achieved the inclusion criteria and were assessed in our 
study. 

The main characteristics of the investigated lesions 
according to the histopathological, Doppler US and SE 
examinations are presented in Table I. 

The Breslow index could not be calculated in 5 le-
sions (11.9% [4.8–26.1]), as the histopathological diag-
nosis was “in situ” and these cases were excluded from 
further analysis. Finally, 37 lesions were included in the 
analysis related to the Breslow index. 

Overall, no statistical significant difference was  ob-
served when the Breslow index was compared  with 
groups of vascularization (low, high, and medium vascu-
larization) (p=0.058). However, the post-hoc test identi-
fied that the mean of the Breslow index on lesions with 

high vascularization was significantly higher compared 
to the mean of the Breslow index on lesions with low 
vascularization (high: 3.03±1.30; low: 1.57±0.86; p-val-
ue=0.018).

The relation between the appearance of vasculariza-
tion and Breslow index, and the qualitative appearance of 
the lesion at SE was statistically significant (Table II) and 
is illustrated in figures 1 and 2. 

The mean value of the Breslow index proved signifi-
cantly higher whenever multiple pedicles were present 
compared to cases where there was a unique pedicle 
(multiple: 3.18±1.29, unique: 1.51±0.71, p=0.0008). 

The lesions with high elasticity proved to have me-
dium or low vascularization while low vascularization 
was observed in a higher number of cases in lesions with 
medium elasticity (fig 3). No dependence was observed 
between the elasticity appearance and vascularization 
(p= 0.058).

Fig 1. Cutaneous melanoma localized on the right mammary 
region, hypervascularized on Doppler US (a) and with stiff ap-
pearance on SE (b) in a 52 year old female. Breslow index 2.68 
mm, thickness of the skin tumor measured by a 40 MHz fre-
quency linear transducer was 2.55 mm.

Fig 2. Cutaneous melanoma localized on the left lumbar region 
with multiple vascular pedicles on Doppler US (a) and stiff ap-
pearance on SE (b) in a 57 year old male. Breslow index 3.7 
mm, thickness of the skin tumor measured by a 40 MHz fre-
quency linear transducer was 3.8 mm.

Fig 3. Distribution of SE elasticity according to vascularization

Table I. Summary of histopathological, Doppler US and SE ex-
aminations

Characteristics Value Statistics 
(p-value)

Histology
Breslow indexa (mm) 2.78±1.38

Doppler US
Vascularizationb

Low vascularization
Hypervascularization

26.47 [11.85–44.03]
64.71 [47.14–79.32]

5.0541  
(< 0.0001)

No. of pediclesb

Unique
Multiple

29.41 [14.79–46.97]
61.76 [45.55–78.70]

4.1284  
(< 0.0001)

SE
Elasticityb

Low
Medium
High

45.24 [28.63–61.85]
42.86 [28.63–59.47]
11.90 [4.82–26.13]

> 3.5 
(<0.0005)c

a mean±standard deviation; b percentage [95%CI], where 95%CI = 
95% confidence interval; Statistics = the statistics associated to Z 
test for proportions; c Z-statistic and associated value on pairs com-
parisons as low vs. high, respectively medium vs. high

Table II. Doppler US and Breslow index and elastographic ap-
pearance respectively: Spearman’s correlation coefficients (ρ) 
and associated significance (p) 

Characteristics ρ (p-value)
Vascularization & the Breslow index 0.4483 (0.0167)
Number pedicles & the Breslow index 0.5016 (0.0065)
SE appearance & vascularization -0.4937 (0.0035)
SE appearance & the number of pedicles -0.5299 (0.0015)
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All lesions with high elasticity had multiple pedicles 
while the higher percentage of the unique pedicle was 
observed in lesions with medium elasticity.

No correlation was observed between the elasticity 
appearance and the number of pedicles (p=0.082).

Discussions 

To the best of our knowledge this is the first study that 
compares Doppler US and SE in cutaneous melanoma. It 
is very important for patients with this pathology to bene-
fit from complex US preoperative diagnosis by assessing 
not only gray scale appearance, but also vascularization 
and elasticity.  

Doppler US is used to assess the vascularization of 
the skin tumors before surgical excision, high vasculari-
zation being correlated with an important risk of metas-
tasis [17-20]. The thickness of CM lesions represents 
a very important element for preoperative management 
and prognosis, being correlated with the risk of metas-
tasis or relapsing, as well [11,12,21,22]. Catalano et al 
[11] found that CMs with a thickness greater than 2 mm 
showing high vascularization have a high risk for a bad 
prognosis. In our study, the median tumor thickness was 
2.78 mm, and most of the CMs were very well vascular-
ized. These findings require wide margins of safety at 
surgery and the exclusion of metastases and, in time, 
the recurrences. In our group of patients we found that 
the Breslow index was significantly higher in lesions 
with high vascularity compared to those with low vas-
cularity; in other words we expected that a lesion with a 
greater Breslow index would present hypervasculariza-
tion.

Another investigated and significant factor in our 
study was the number of vascular pedicles: most tumors 
presented multiple pedicles (61.76%). Di Santolo et al 
[21] detected an intratumoral vascular signal in most of 
lesions, with one or two afferent vessels to the lesion. 
The presence of a greater number of vascular pedicles 
shows an abundant blood supply. Knowing that vascular-
ization may be related to tumor aggressiveness, through 
to the metastatic potential or relapsing and reduced long-
term survival [12,19,23,24], it is very important for these 
patients to have a good management both pre- and post-
operatively. 

The use of elastography in the evaluation of skin le-
sions has been the subject of several studies, in an at-
tempt to differentiate between benign and malignant 
lesions [25-27]. Few research studies conducted in the 
early period of clinical elastography have demonstrated 
that this technique has potential in the diagnosis of skin 
tumors. In reported cases the tumors were diagnosed as 

malignant based on the color distribution on elastograph-
ic images [25-27]. In this present study, tumor elasticity 
represented a statistically significant factor: almost half 
of the tumors were stiff at SE and another important per-
centage had medium elasticity. In our patients thicker tu-
mors presented low elasticity, while thin tumors appeared 
softer. Increased stiffness of melanomas can be explained 
by increased cellularity and tumor infiltration typical for 
malignant tumors, which can be correlated with the de-
gree of aggressiveness. Preoperative evaluation of CM 
by SE is important not only for the tumor itself, but also 
for perilesional infiltration in order to establish the safety 
surgical margins.  

There are several studies concerning the relation-
ship between the thickness of skin melanomas and the 
presence and aspect of vascularization. Lassau et al 
[9] assessed the tumor vascularity using color Doppler 
in 111 skin melanomas before surgical resection and 
demonstrated intratumoral vessels in 43 lesions. Las-
sau et al [9] and Srivastava et al [12] found a strong 
positive correlation between the vascularization and 
Breslow tumor thickness, reporting that Breslow thick-
ness and vascularity offer information for the progno-
sis of these patients. Srivastava et al [12] proposed a 
“tumor vascularity database” in countries with a high 
prevalence of melanoma with a detailed description of 
intratumoral vessels. Catalano et al [11] demonstrated 
that the presence of intratumoral vessels is correlated 
with the Breslow index and with patient survival. Di 
Santolo et al [20] found intratumoral vessels in 24/34 
of lesions with thickness greater than 1 mm. We ob-
tained no statistical differences when comparing the 
Breslow index with the three classes of vascularization 
but a post hoc test identified that the Breslow index 
is significantly higher in lesions with hypervasculari-
zation compared to those with low vascularity. This 
confirms that the Breslow index and hypervasculari-
zation represents negative prognostic factors for the 
evolution of patients with CM by increasing the risk 
of metastasis or relapse [5,11,21,22].

In the present work, we found a strong correlation 
between the tumor  thickness, measured histopatho-
logically by the Breslow index, degree of vasculariza-
tion, and number of vascular pedicles. We found that 
as the Breslow index increases more obvious multiple 
vascular pedicles in the skin tumors can be detected, 
which demonstrate increased vascularization, consist-
ent with a previous published study [9]. To the best of 
our knowledge, the relation between the elastographic 
appearance of CM and the aspect of vascularization and 
number of vascular pedicles has not been previously 
described. We noticed that the SE appearance of skin 
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