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Abstract 
Aims: Sonoelastography (SEG) is a noninvasive ultrasound (US) method able to differentiate tissues according to their 

stiffness. Our objective was to establish whether transrectal (TR) SEG may improve prostate cancer detection, alone or associ-
ated with other US methods. Patients and methods: We analyzed the data of 65 patients, mean age 68 years (49 - 81 years), 
examined March 2009-September 2010. The patients had at least one of the following malignancy suspicion criteria: PSA > 
4 ng /ml (minimum 2 determinations), nodule(s) at digital rectal examination (DRE +) or previous gray scale TRUS positive 
appearance. All patients underwent TRUS, Doppler-US and SEG in the same session, followed by systematic prostate biopsies 
(6-12 cores). Histopathology and imaging findings were correlated. Results: Twenty-eight out of 65 patients (43%) were di-
agnosed with prostate cancer. Overall, SEG had a sensitivity of 67.85%, specificity 62.16%, positive predictive value 57.57% 
and negative predictive value 71.85%. However, SEG diagnostic reliability appeared  to be higher for subgroups of patients 
having PSA >10 ng / ml, lower number of fragments collected by PBP (6 vs. 10-12 cores) and age > 70 years. Conclusion:  
SEG appears to be useful in the diagnosis of prostate cancer as it may increase the diagnosis accuracy in specific target groups.  
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Rezumat
Obiective: Elastografia (SEG) este o metodă neinvazivă ultrasonografică (US) capabilă.să diferenţieze ţesuturile în funcţie 

de consistenţa lor. Scopul cercetării este acela de a stabili dacă SEG transrectală (TR) poate ameliora depistarea cancerului 
prostatic, singură sau în asociere cu alte metode ultrasonografice.  Pacienţi şi metodă: Au fost analizate datele a 65 pacienţi 
cu vârsta medie 68 ani (49-81 ani), examinaţi în perioada martie 2009- septembrie 2010. Pacienţii au prezentat cel puţin unul 
din următoarele criterii de suspiciune pentru malignitate:  PSA> 4ng/ml (minim 2 determinări), examen digital rectal pozitiv 
sau modificări evocatoare la examinarea TRUS. Tuturor pacienţilor li s-a efectuat examinare ultrasonografică transrectala 
(în scară gri, Doppler-color şi elastografie) în aceeaşi şedinţă urmată, ulterior, de puncţie biopsie prostatică sistematică. Re-
zultatele examinării histopatologice au fost corelate cu achiziţiile imagistice. Rezultate: 28 de pacienţi din 65 (43%) au fost 
diagnosticaţi cu cancer prostatic. Global, SEG a avut sensibilitate 67,85%, specificitate 62,16%, valoare predictivă pozitivă 
(VPP) 57,57% şi valoare predictivă negativă (VPN) de 71,85%. Cu toate acestea, valoarea diagnostică a SEG a fost mai mare 
pentru subgrupele de pacienţi care au avut PSA >10 ng / ml, număr mai mic de fragmente la  PBP (6 vs. 10-12 fragmente) 
şi vârsta > 70 ani. Concluzii: Elastografia pare a fi utilă în diagnosticul cancerului prostatic deoarece poate creşte acurateţea 
diagnostică la anumite grupuri ţintă specifice.  

Cuvinte cheie: ultrasonografie, elastografie, cancer prostatic.
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Introduction
Sonoelastography (SEG) is a noninvasive ultrasound 

(US) method able to differentiate between tissues accord-
ing to their stiffness [1]. Unlike gray-scale US, which as-
sesses structures based on differences in acoustic imped-
ance, SEG allows an ”in depth palpation” of structures, 
visually defining them according to their relative hard-
ness [2]. 
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The clinical utility of SEG has been extensively in-
vestigated, in recent years, for diagnosing breast lumps, 
thyroid nodules, prostate cancer but also musculoskeletal 
disease, pancreatic lesions, atherosclerosis and venous 
thrombosis [3-6]. The place of transrectal (TR) SEG in 
urological pathology and especially in prostate lesions is 
still controversial [7,8].

The goal of our study was to assess whether SEG may 
improve prostate cancer detection, alone or in association 
with other US methods (TRUS, Doppler). 

Patients and Methods

Between March 2009 and September 2010 we ex-
amined 197 patients presenting with at least one of the 
following malignancy suspicion criteria: PSA > 4 ng /
ml (at least two samplings), palpable nodule(s) at digital 
rectal examination (DRE +) or hypoechoic nodules in 
the outer gland on a previous transrectal gray-scale ultra-
sound (TRUS) examination. The study was approved by 
the hospital ethics committee and informed consent was 
obtained from the patients. 

The equipment used was Hitachi Medical EUB 8500 
ultrasound scanner with a 5–9 MHz broadband transrec-
tal end fire microconvex probe. 

All the patients underwent TRUS (gray scale, Dop-
pler and SEG) in the same session. Gray scale images 
were assessed for: prostate size and volume; zonal mor-
phology; presence of intraprostatic nodules; location and 
size of the nodules; ecogenicity of the nodules; other in-
traprostatic anatomic changes (calcification, cysts); state 
of the prostate capsule; size and symmetry of seminal 
vesicles. When assessing the power/color Doppler im-
ages, the following criteria were used: symmetry of vas-
cularisation; focal area of hypervascularisation; distorted 
vessels; relation of abnormal vascularisation with nod-
ules. The assessment criteria for SEG were: symmetry of 
stiffness; focal area of hardness, asymmetric; persistence 
of stiffness with probe tilting. 

Malignancy was suspected when encountering the 
following criteria: on gray-scale US - hypoechoic nodule 
in the periphery gland +/- capsular and /or vesicular in-
volvement; on power/color Doppler US - asymmetrical /
focal increased vascularisation ; on SEG - stiff nodule > 
5 mm diameter, persistent aspect after probe tilting (fig 
1, fig 2). 

Systematic TRUS guided prostate biopsy (6-12 cores) 
under local or general anesthesia was performed in every 
patient, within no more than 2 weeks after imaging as-
sessment. The number of biopsy cores in each patient 
was imposed by the prostate size, local and general biop-
sy conditions. We did not use SEG for biopsy guidance. 

Histopathology findings, considered as a reference 
standard, were correlated with the imaging appear-
ance.

Out of the 197 patients enrolled, only 65 complied 
with the methodology, with the complete dataset ac-
quired within the specified timeframe. The other 132 
patients could not be included due to incomplete or de-
layed data. Within the patient group, we compared sub-
groups of patients in relation with the PSA value (cut 
off 10ng/ml), age (cut off 70 years), prostate volume 
(cut off 40 g) and number of biopsies (6 vs. 10-12). The 
results are described in statistical indices (sensitivity - 
SE, specificity - SP, positive predictive value - PPV, and 
negative predictive value - NPV). For statistical analysis 
Fisher’s and Chi-square tests were used with the SPSS 
v 13.0 software, with the value p <0.05 considered as 
significant.

Fig 1. Normal prostate (SEG / TRUS )

Fig 2. Prostate cancer (SEG / TRUS). The hard, malignant nod-
ule in pointed by arrow.



7Medical Ultrasonography 2011; 13(1): 5-9

Results

The mean age of the patients was 68 years (min 49, 
max 81). The PSA values ranged from 2.5 to 20.65 ng/
ml. Prostate cancer was present in 28 patients (43%). 

The general sensitivity of SEG was 67.85% (fig 3), 
similar to that of TRUS and higher than Doppler Ul-
trasound (60.71%). The general specificity of SEG (fig 
4) was higher than that of the other ultrasound meth-
ods (SEG-62.16% vs. TRUS-54.35% or Doppler US – 

40.54%). The PPV of SEG, defined as percent of patients 
with prostate cancer with relevant elastographic images, 
was 57.57 %, higher than the other methods (fig 5). The 
NPV of SEG, defined as percent of patients without can-
cer from those without a relevant elastographic images, 
was 71.85%, higher than all other methods used in the 
study (TRUS: 67.85%, Doppler: 57.69%) (fig 6).

The analysis of differences between subgroups ac-
cording to PSA, age, prostate volume and number of 
fragments at prostate biopsy are presented in Table I.

Fig 3. Overall sensitivity of US methods, alone or mutually as-
sociated, for the diagnosis of prostate cancer. 

Fig 4. Overall specificity of US methods, alone or mutually as-
sociated, for the diagnosis of prostate cancer.

Fig 5. Overall positive predictive value of US methods, alone 
or mutually associated, for the diagnosis of prostate cancer.

Fig 6. Overall negative predictive value of US methods, alone 
or mutually associated, for the diagnosis of prostate cancer

Table I. Statistical correlation (p) between different ultrasound methods and the diagnosis of cancer, depending on various parameters 
(chi-square with Fisher’s test). All results were plotted against pathology obtained at prostate biopsy.

 Method
Subgroup TRUS TRUS + 

SEG
TRUS + 
Doppler SEG SEG + 

Doppler Doppler TRUS + SEG 
+ Doppler

Age >70 years 0.062 0.008 0.043 0.007 0.134 0.305 0.022
Age <70 years 0.582 0.513 0.374 0.380 0.740 0.554 0.969
Prostate volume > 40 cc 0.256 0.183 0.372 0.079 0.669 0.878 0.244
Prostate volume < 40 cc 0.550 0.110 0.494 0.068 0.306 0.840 0.761
PSA > 10 ng/ml 0.075 0.028 0.561 0.018 0.456 0.275 0.260
PSA < 10 ng/ml 0.880 0.565 0.685 0.438 0.467 0.321 0.611
Core biopsy 6 frag. 0.076 0.013 0.364 0.001 0.270 0.914 0.101
Core biopsy 10-12 frag. 0.883 0.778 0.711 0.883 0.773 0.883 0.831
Overall 0.121 0.036 0.624 0.017 0.271 0.919 0.161

TRUS = gray-scale transrectal ultrasound; SEG = real-time sonoelastography; PSA = prostate specific antigen
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A cut-off value of 10 ng/ml was set for PSA. There 
were 38 patients below this value (11 cancers at patho-
logical examination). Of the 27 patients with PSA values 
above the cut-off limit, 17 had cancer. There were sig-
nificant differences between the subgroups. In the PSA> 
10ng/ml subgroup, SEG sensitivity was higher than SEG 
general sensitivity (76.47 % vs. 67.85%). Also, PPV of 
SEG was higher in this subgroup (84.25 vs. 57.57% in 
the general patient group).

For age-dependent analysis, a cut-off value set at 70 
years revealed significant differences between subgroups. 
Of the 42 patients below 70 years of age, 16 had cancer. 
In the above 70 group, 12 of the 23 patients had cancer. In 
the > 70 years subgroup the sensitivity of SEG was 83.3 
%, significantly higher than the sensitivity of the method 
for the below 70 years group (56.25%). A similar varia-
tion was noted for PPV (76.92% in subgroup> 70 years 
vs. 45% below 70 years). Furthermore, if SEG was as-
sociated with TRUS, NPV was 100% in the subgroup > 
70 years (p=0,008).

For volume related analysis, a cut-off value was set 
at 40 cc, as determined by TRUS. SE, SP and NPV were 
higher in the subgroup > 40 cc vs. subgroup < 40 cc, but 
the difference was not statistically significant. Howev-
er, when PPV was concerned, the value almost doubled 
(80%) in subgroup < 40 cc vs. 47.1% for subgroup > 40 
cc.

In 38 patients, 6 core biopsy was performed. In this 
group, there were 18 cancers according to pathological 
examination. Of the 27 patients where 10 – 12 core bi-
opsy was performed, 10 had cancer. In the subgroup with 
6 core biopsies, the PPV of SEG was higher than in the 
subgroup with 10-12 fragments (75% vs. 33%). Accord-
ingly, SE was also higher in the 6 core group (77.7%) 
compared to the 10-12 core group (50%). ROC analysis 
was not performed, due to the reduced number of patients 
in the analyzed subgroups. 

Discussion 

The elastographic image of the normal prostate (see 
figure 1) is that of a homogeneous medium stiffness tis-
sue. At times, one may encounter a hard peripheral zone 
(next to the prostate capsule) and a hard zone at the level 
of the “veru montanum” region [8].

Malignant nodules are of hard consistency and they 
appear as dark areas on gray scale and hard (blue) asym-
metric areas on SEG color image. Most of the times, ma-
lignancy is clearly differentiated from the surrounding 
tissue that exhibits lower consistency, with green shades 
on SEG color image (see figure 2). 

In terms of overall sensitivity, our results are similar 

to those of an extensive study performed in Japan with 
over 311 patients and published recently [9].

Subgroup tailored data revealed interesting observa-
tions. It seems that in subgroup with PSA< 10 ng/ml, 
none of the US diagnostic methods (alone or in associa-
tion) correlated with prostate cancer (p>0.05). Therefore, 
our study indicates that no ultrasonographic method is 
able to improve prostate cancer detection in patients with 
PSA< 10 ng/ml. This might be due to low grade/good 
differentiation of low PSA tumors. On the other hand, 
our data indicate that in the subgroup with PSA>10 ng/
ml only SEG results are correlated with prostate cancer, 
either alone or in association with TRUS. 

Aggregate data in our study suggest that a person over 
70 years with moderate elevated PSA levels and without 
suggestive TRUS or SEG images has very little chance of 
harboring prostate cancer. This raises the question of the 
necessity of a prostate biopsy in these patients. A possible 
explanation may reside in the fact that “younger” patients 
tend to develop high grade malignancy with poor local 
intra-prostatic delineation of lesions, leading to worse 
identification by ultrasonographic methods. On the other 
hand, in the “older” subgroup (> 70 years) predominant 
low grade prostate malignancies are developing with 
macroscopic, even massive, local lesions, better identi-
fied by imaging. One other factor to be taken into account 
is that, possibly, false results (both positive and negative) 
are more frequently encountered in the < 70 years group. 
From this point of view, our data need to be expanded as 
the statistical correlation is insignificant. 

A possible explanation for limitations is that in the 
group with large prostates there is a large number of dis-
cordant elastographic images (associated prostatitis le-
sions, benign prostate hypertrophy hard nodules, attenu-
ation effect or distance effect etc).

According to the results of our study, the specificity 
of SEG appears to be superior to that of other ultrasound 
techniques. 

The goal of prostate imaging is to detect intra-pros-
tatic cancerous nodules with fewer prostate biopsy punc-
tures, decreased morbidity (sepsis, hemorrhage) and re-
duced costs [10]. Controversial results persist, even with 
studies published earlier by our group [11]. One of the 
possible explanations is related to the diagnostic criteria 
used in this study for SEG suspicion of malignancy. We 
complied with the criteria originally described by Konig 
et al [12]. Therefore, only tumors with a diameter above 
5 mm were taken into account. However, it is probable 
that applying the newer scores proposed by Pallwein et 
al [13] or Kamoi et al [14] may lead to the detection of 
smaller tumors and the improvement of SEG sensitivity. 
Another explanation is that the “golden standard” used 
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(TRUS prostate biopsy), in itself, has known limitations 
and detects at most 80% of all cancers found at autopsy 
[15]. In this respect, the partial results of our study offer 
a tailored positive perspective.

Conclusions

SEG is a promising diagnostic method, alone or in 
association with other US methods. TRUS (gray scale or 
Doppler), is not correlated with the diagnosis of prostate 
cancer in all subgroups of patients studied. SEG diagnos-
tic reliability seems higher for patients having PSA>10 
ng/ml and a lower number of fragments collected by 
prostate biopsy puncture and age > 70 years. Although a 
promising method, the role of SEG as a diagnostic tool in 
the detection of prostate cancer needs to be assessed and 
confirmed by further studies. 
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