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Abstract: To determine whether contrast-enhanced transrectal ultrasound (CE-TRUS) is superior to transrectal ul-
trasound (TRUS) on diagnosis of prostate cancer, 317 patients were processed TRUS examination with or without 
SonoVue, then biopsy was performed. Sensitivity, specificity, accuracy, positive predictive value (PPV) and negative 
predictive value (NPV) of two techniques were compared in multiple subgroups of PSA level, Digital rectal exami-
nation (DRE) and prostate volume on biopsy results. In PSA 4-10 ng/ml and DRE negative groups, CE-TRUS had 
greater sensitivity and accuracy compared with TRUS by patient (P = .004 and .003; .013 and .005 respectively) 
and greater sensitivity, accuracy, PPV and NPV by core. When prostate volume was 45-65 ml, CE-TRUS had greater 
specificity and accuracy by patient and all diagnostic performances were statistically significant by core. CE-TRUS is 
superior to TRUS on diagnosis of prostate cancer in a designed patient population with lower PSA level, DRE nega-
tive findings and modest prostate volume.
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Introduction

Prostate cancer is one of the major public 
health issues facing the male population in the 
world. TRUS is the most important tool for diag-
nosing prostate cancer by guiding prostate bi- 
opsies. TRUS targeted a visual lesion increased 
the detection rate about two times compared 
with systematic biopsy, but also missed about 
30% cancer [1, 2]. Microvessel density within 
the prostate demonstrated a clear association 
of increased microvessel density with the pres-
ence of carcinoma [3]. Colour/power Doppler 
has been proposed as a mean to detect tumor 
neovascularity but it may not have sufficient 
resolution to detect new microvessels [1, 2, 4, 
5]. The currently used ultrasound contrast ag- 
ents consist of microbubbles with a diameter 
smaller than red blood cells. So CE-TRUS can 
observe these new microvessels [6]. Some 
reports demonstrate that CE-TRUS targeted bi- 
opsy increased the detection of prostate can-
cer with fewer biopsy cores [7-17]. Moreover, 

Halpern et al. [15] reported that CE-TRUS tech-
nique allowed identification of higher Gleason 
score lesions, which is important for defining 
prognosis and deciding treatment. But some 
reports say CE-TRUS not only has limited diag-
nosis efficiency but also time consuming and 
costly [18-20]. The real advantages of CE-TRUS 
still remain controversial [21]. The variable de- 
gree of clinical characteristics of patients may 
be largely responsible for the variation results 
in previous studies.

Most comparative studies have analyzed detec-
tion rates (the number of prostate cancer cases 
found, divided by the total number of patients) 
of CE-TRUS and systematic biopsy [10-14, 18]. 
In clinical practice, TRUS for targeting biopsies 
is the primary technique currently. If CE-TRUS  
is superior to TRUS, that will be much more 
valuable. Moreover, the diagnostic performan- 
ce parameters-sensitivity, specificity, PPV, NPV 
and accuracy of TRUS and CE-TRUS have sel-
dom been evaluated [19, 20], especially in dif-
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ferent clinical characteristics. The sensitivity 
and PPV parameters are answers to the ques-
tion, “What is the probability that I have pros-
tate cancer when TRUS or CE-TRUS diagnosed 
positive?” Adversely, the specificity and NPV 
parameters are answers to the question, “What 
is the probability that I have prostate cancer 
after TRUS or CE-TRUS diagnosed negative?” In 
order to address these topics, a clinician needs 
to know all the parameters.

The purpose of our study was to find the re- 
al advantages of CE-TRUS. We compared the 
diagnostic performance (sensitivity, specificity, 
PPV, NPV and accuracy) of transrectal ultra-
sound (TRUS) and contrast-enhanced transrec-
tal ultrasound (CE-TRUS) on prostate cancer in 
different clinical characteristics (PSA level, DRE 
findings and prostate volume).

Methods

Patients

The retrospective study was approved by the 
Ethics Committee of Hospital and written pa- 
tient informed consent was obtained from each 
patient before the examination and biopsy. 
From June 2010 to November 2011, 317 pa- 
tients who were scheduled for prostate biopsy 
because of an elevated PSA level (≥ 4.0 ng/ml) 
were enrolled. Excluded criterion referred to the 
previous literatures reported on prostate biop-
sy and SonoVue application [20]. Patients 
whose cancer had broken through prostate 
capsule and had mass outside of prostate were 
excluded in our study because the volume of 
prostate cannot be evaluated. Patients whose 
PSA was higher than 100 ng/mL were exclud-
ed. Biopsy preparation is the same as the previ-
ous literature [20]. All patients had not previ-
ously undergone biopsy. DRE was performed 
before TRUS examination, and was recorded as 
with (DRE positive) or without (DRE negative) 
suspicion of prostate cancer.

TRUS and CE-TRUS examination

All examinations were performed using a MyLab 
90 scanner (Esaote SpA, Genoa, Italy) and a 
3-9 MHz EC1123 probe by a radiologist who 
was blinded to the clinical information. The 
radiologist did the examination according to the 
protocol we designed. First, gray-scale and 
power Doppler imaging were performed. St- 
andard transverse and longitudinal scanning 
were performed throughout the prostate to 
assess the structure and volume that were cal-

culated using the prolate ellipse formula. Then 
CE-TRUS was performed using contrast-tuned 
imaging (CnTI) technique. The imaging condi-
tions were as follows: frequency, general-M 
mode; gain, 50%; derated pressure, 50 kPa; 
Depth, 45-50 mm. No parameter was changed 
during the examination. The ultrasound con-
trast agent was SonoVue (Bracco SpA, Milan, 
Italy). 2.4 ml of SonoVue was administrated via 
a peripheral vein in a bolus fashion. Scanning 
was started 2-3 seconds after microbubbles 
reach the prostate capsule, following a stan-
dard sequence of transverse imaging from 
base to apex (5-6 s), then from apex to base, 
and repeated. Scanning was lasted continu-
ously for about 90 seconds. The overall exami-
nation time was about 10-15 minutes. Cine- 
loops were obtained during the scanning for 
image review. During the examination, atten-
tion was paid to minimize the probe pressure 
on the rectal wall to avoid obliterating signals 
from small vessels of the peripheral glands that 
faced the probe.

Image analysis

After the examination, we analyzed the imag-
ing. The images of TRUS were analyzed by 2 
radiologists who were blinded to the clinical 
information. The images of CE-TRUS were ana-
lyzed by 2 other radiologists who were blinded 
to the clinical and baseline imaging informa-
tion. If a disagreement was found, another 
senior radiologist would review the image until 
a consensus was achieved. We focused on the 
peripheral zone only and divided prostate to six 
areas (bilateral base, mid and apex). Radio- 
logists gave their comments according to the 
following criterions on the basis of our clinical 
experience and the previous literatures [4, 
7-19, 22].

TRUS: (1) focal hypoechoic mass; (2) focal con-
tour bulge; (3) ill-defined of peripheral zone and 
transition zone; (4) focal asymmetric/increased 
flow.

CE-TRUS: Rapid or increased contrast enhance-
ment compared with transition zone, contralat-
eral half of the peripheral zone or ipsilateral 
peripheral zone tissue.

Biopsy protocol and pathology

After the imaging analyzing, biopsy was per-
formed with an 18-gauge biopsy needle by two 



Diagnostic performance of ultrasound imaging in prostate cancer

21430 Int J Clin Exp Med 2015;8(11):21428-21434

radiologists. When there was no abnormal find-
ing, ten biopsies were taken randomly, five from 
each prostate side (two cores from the base, 
two cores from the mid-gland, one core from 
the apex). When an abnormality was present at 
TRUS baseline imaging or CE-TRUS imaging, the 
biopsy specimen from the corresponding core 
was directed toward the abnormal finding. We 
will take additional cores in cases with more 
than 2 coded positive from CEUS and TRUS 
findings on the same side. The biopsy speci-
mens were put into separate bottles and la- 
beled according to gland location. Each biopsy 
specimen was reported as prostate cancer, 
prostatic intraepithelial neoplasia, prostatitis, 
or as benign prostatic tissue. All no cancerous 
findings were grouped together.

Analysis

Each patient/biopsy site coded as positive/
negative for TRUS and positive/negative for 

CEUS and then compared to the biopsy result 
at that patient/site. All statistical calculations 
were performed by using SPSS13.0 software 
(SPSS, Chicago, IL) with P < 0.05 considered as 
statistically significant. By patient, McNemar 
test was used to assess diagnosis performan- 
ce of sensitivity, specificity, accuracy and Chi-
square test was used to assess PPV, NPV 
between two techniques. By core, conditional 
logistic regression analysis was used to assess 
sensitivity, specificity, accuracy, PPV and NPV 
between two techniques. Conditional logistic 
regression analysis was chosen, because the 
biopsy sites within any one patient were not 
statistically independent observations.

Results

The age of patients ranged from 41 to 92 years, 
with a mean of 69.33 years and an SD of 8.31. 
PSA levels ranged from 4.01 to 99 ng/mL, with 
a mean of 22.94 ng/mL and an SD of 23.06. 

Figure 1. Images acquired from a patient with clinical characteristics of 28.00 ng/ml PSA level, DRE positive of left 
gland, 84 years old and 33 ml prostate volume. Grey-scale image shows hypoechoic lesions in the left base (A1), 
mid (B1) and apex (C1) gland (arrows). Power Doppler image shows increased vessels in these areas (A2, B2, C2 
respectively). Contrast enhanced ultrasound image shows rapidly enhancing lesions with greater contrast in these 
areas (A3, B3, C3 respectively) compared with corresponding left gland (arrows). Biopsy targeted to these suspi-
cious areas reveals Gleason 7 prostate cancer. Moreover, contrast enhanced ultrasound image shows a low en-
hancement area in the right mid gland (arrow) compared with surrounding peripheral zone tissues. Biopsy targeted 
to this suspicious area reveals Gleason 7 prostate cancer.
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Prostate volume ranged from 20.1 to 179.5 
mL, with a mean of 59.13 mL and an SD of 
27.44. Ten biopsies were taken for each patient. 
Prostate cancer was detected at 915 cores 
from 150 patients. Prostate cancer was detect-
ed at 668 cores from 119 patients by 1009 
CE-TRUS targeted biopsy cores and 597 cores 
from 110 patients by 988 TRUS targeted biop-
sy cores (Figure 1).

Cancer diagnostic performance of TRUS vs. 
CE-TRUS according to PSA level (Table 1)

For PSA level groups, cancer was detected in 
33.96% (36/106), 42.59% (46/108) and 66.- 
02% (68/103) patients and in16.23% (172 
/1060), 25.28% (273/1080) and 45.63% (470/ 
1030) cores in 4-10, 10-20 and > 20 ng/mL su- 
bgroups, respectively.

By patient, in PSA level 4-10 ng/mL subgroup, 
the sensitivity and accuracy were statistically 
significant greater for CE-TRUS than for TRUS (P 
= 0.004 and 0.003). There is no significant  

difference between the two techniques in PSA 
level higher subgroup. By core, statistically, 
CE-TRUS significantly improved the sensitivity, 
accuracy, PPV and NPV in PSA level 4-10 ng/mL 
subgroup (P = 0.003, 0.003, 0.012 and 0.02 
respectively). In PSA level 10-20 ng/mL sub-
group sensitivity, accuracy and NPV were sig-
nificantly different between the two techniques 
(P = 0.013, 0.026 and 0.048 respectively). In 
PSA level > 20 ng/mL subgroup, there is no sig-
nificant difference between the two techniques 
in all diagnosis performance.

Cancer diagnosis performance of TRUS vs. CE-
TRUS according to DRE (Table 2)

For DRE findings groups, cancer was detected 
in 53.48% (92/172), 40.00% (58/145) patients 
and in36.34% (625/1720), 20.00% (290/1450) 
cores in DRE positive and DRE negative sub-
groups, respectively.

By patient and by core, when DRE was positive, 
there was no significantly different between the 

Table 1. Cancer diagnosis performance of TRUS vs. CE-TRUS according to PSA level
PSA level/diagnostic 
performance

Sensitivity Specificity Accuracy PPV NPV
TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS

By patient
    4-10 47.22 66.67∗ 51.43 65.71 50 66.04∗ 33.33 50.00 65.45 79.31
    10-20 69.57 71.74 58.06 59.68 62.96 64.81 55.17 56.9 72.00 74.00
    > 20 89.71 91.18 57.14 60.00 78.64 80.58 80.26 81.58 74.07 77.78
By core
    4-10 51.16 66.86∗ 88.29 90.88 82.26 86.98∗ 45.83 58.67∗ 90.32 93.40∗
    10-20 57.88 68.13∗ 82.16 84.01 76.02 80∗ 52.32 59.05 85.22 88.63∗
    > 20 74.68 78.09 74.46 76.61 74.56 77.28 71.05 73.69 77.80 80.64
∗Statistically significant differences (P < 0.05, CE-TRUS versus TRUS); Abbreviations: TRUS, transrectal ultrasound; CE-TRUS, 
contrast-enhanced transrectal ultrasound; PPV, positive predictive value; NPV, negative predictive value; PSA, serum prostate 
specific antigen.

Table 2. Cancer diagnosis performance of TRUS vs. CE-TRUS according to DRE
DRE findings/diagnostic 
performance

Sensitivity Specificity Accuracy PPV NPV
TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS

By patient
    DRE positive 84.78 83.70 43.75 50 65.70 68.02 63.41 65.81 71.43 72.73
    DRE-negative 55.17 72.41∗ 65.52 73.56 61.38 73.10∗ 51.61 64.62 68.67 80
By core
    DRE positive 75.52 77.92 78.81 81 77.62 79.88 67.05 70.07 84.94 86.54
    DRE-negative 43.10 62.41∗ 86.29 88.53 77.66 83.31∗ 44.04 57.64∗ 85.85 90.40∗
∗Statistically significant differences (P < 0.05, CE-TRUS versus TRUS); Abbreviations: TRUS, transrectal ultrasound; CE-TRUS, 
contrast-enhanced transrectal ultrasound; PPV, positive predictive value; NPV, negative predictive value; DRE, digital rectal 
examination.
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two techniques in all diagnostic performance. 
When DRE was negative, sensitivity and accu-
racy were statistically significant greater for 
CE-TRUS than for TRUS (P = 0.013 and 0.005) 
by patient. By core, sensitivity, accuracy, PPV 
and NPV were statistically significant greater 
for CE-TRUS than for TRUS (P = 0.000, 0.000, 
0.001 and 0.001 respectively).

Cancer diagnosis performance of TRUS vs. CE-
TRUS according to prostate volume (Table 3)

For prostate volume groups, cancer was detect-
ed in 61.74% (71/115), 45.63% (47/103) and 
32.32% (32/99) patients and in35.04% (403/ 
1150), 30.10% (310/1030) and 20.40% (202/ 
990) cores in ≤ 45, 45-65, and > 65 ml sub-
groups, respectively.

By patient, only the sensitivity and accuracy of 
volume 45-65 ml subgroup was statistically 
significant greater for CE-TRUS than for TRUS  
(P = 0.012, and 0.004). By core, statistically, 
CE-TRUS significantly improved all the diagnos-
tic performance in volume 45-65 ml subgroup 
(P = 0.006, 0.004, 0.001, 0.000 and 0.015 
respectively). In volume ≤ 45 mL subgroup, 
there was no significantly different between the 
two techniques in all diagnostic performance. 
In volume > 65 mL subgroup, sensitivity and 
PPV were significantly different between the 
two techniques (P = 0.003 and 0.018).

Discussion

CE-TRUS is currently the most promising pros-
tate biopsy guidance technique. However, the 
actual merit of CE-TRUS is still in question. In 
order to test the diagnostic efficiency of TRUS 
and CE-TRUS techniques, multiple subgroups 

of the patients with different PSA level, DRE 
findings and prostate volume were performed 
in our study. In each subgroup, the diagnostic 
performance including sensitivity, specificity, 
accuracy, PPV and NPV of the two techniques 
were compared on biopsy results. The sub-
group analysis would theoretically increase the 
possibility of finding a real value of CE-TRUS.

Patients with a high PSA level may have a great-
er chance of having positive sonographic find-
ings that could be detected by TRUS. In our 
study, CE-TRUS had great value in PSA level 
4-10 ng/ml subgroup. When PSA level was 4-10 
ng/mL, CE-TRUS targeted biopsy lost (false 
negative) 57 foci, with 5 foci detected by TRUS 
and 52 foci detected by random biopsy. So 
CE-TRUS targeted biopsy was not sufficient to 
eliminate the need for random biopsy. In TRUS 
baseline imaging, the increased microvessel 
density is one reason for hypoechoic appear-
ance. Therefore, the decision to target a lesion 
suspicious on TRUS may also include abnor-
malities on CE-TRUS. In our study, 5 foci was 
only detected in the way of TRUS, that may 
caused by the fast scanning losing the small 
extent lesions, and we can do twice or more 
times of CE-TRUS examination to avoid missing 
lesions in future.

Prostate cancer is the only type of cancer in 
which tumor palpability is equated with clinical 
significance [23, 24]. Patients with a positive 
DRE may have a greater chance of having posi-
tive sonographic findings that could be detect-
ed by TRUS. In our study, when DRE was posi-
tive, CE-TRUS was not better than TRUS in all 
diagnostic performance. When DRE was nega-
tive, CE-TRUS had better diagnostic perfor-
mance compared with TRUS.

Table 3. Cancer diagnosis performance of TRUS vs. CE-TRUS according to prostate volume
Prostate Volume/diagnostic 
performance

Sensitivity Specificity Accuracy PPV NPV
TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS TRUS CE-TRUS

By patient
    ≤ 45 77.46 77.46 29.55 31.82 59.13 60 63.95 64.71 44.83 46.67
    45-65 72.34 80.85 50 66.07∗ 60.19 72.82∗ 54.84 66.67 68.29 80.43
    > 65 65.63 81.25 76.12 79.10 72.73 79.80 56.76 65 82.26 89.83
By core
    ≤ 45 67 69.98 76.44 79.38 73.13 76.09 60.54 64.68 81.11 83.05
    45-65 63.87 74.19∗ 82.92 96.81∗ 77.18 83.01∗ 61.68 70.77∗ 84.26 88.65∗
    > 65 63.86 77.23∗ 88.32 88.32 83.33 86.06 58.37 62.90 90.51 93.80∗
∗Statistically significant differences (P < 0.05, CE-TRUS versus TRUS); Abbreviations: TRUS, transrectal ultrasound; CE-TRUS, 
contrast-enhanced transrectal ultrasound; PPV, positive predictive value; NPV, negative predictive value.



Diagnostic performance of ultrasound imaging in prostate cancer

21433 Int J Clin Exp Med 2015;8(11):21428-21434

Prostate volume is variable among elderly in- 
dividuals. Prostate volume can influence the 
detection of prostate cancer using CE-TRUS 
guided biopsy [25]. Enlarged transition zone is 
the primary cause of large prostate volume. In 
large prostate, peripheral zone was pressed 
thinner and it was difficult to detect lesions in 
thinner peripheral zone. When prostate volume 
was 45-65 mL, CE-TRUS had better diagnostic 
performance compared with TRUS. CE-TRUS 
diagnosis efficiency was limited in smaller (≤ 
45 mL) and larger (> 65 mL) prostate.

CE-TRUS targeted biopsy may detect more 
patients and cancer foci with fewer biopsy 
cores that may alleviate biopsy related risks 
and patient complaints. Different from other 
organs, prostate cancer has the characteristics 
of multiple foci. 85% of prostate cancer is mul-
tifocal. Although CE-TRUS did not have better 
diagnostic performance by patient in some 
subgroup, but by core did. By core analysis 
plays a significant role in understanding the dis-
tribution of prostate cancer in the prostate 
gland and can play as a reference index for the 
staging of prostate cancer.

CnTI technology was applied in our study with a 
low acoustic pressure, which can protect the 
microbubbles. CnTI is capable of detecting one 
single microbubble and therefore can visualize 
the blood flow in the microvasculature, which 
enable scanning under real-time time condi-
tions. We used mylab90 EC 1123 probe whose 
rotated was 200, which could display overall 
prostate and had advantage to find abnormal 
imaging according to bilateral comparison.

Our study has some limitations. First, we pay 
attention to peripheral zone of prostate where 
the majority of clinically significant prostate 
cancers develop. Because changes of prostatic 
hyperplasia in the transition zone often show 
hypervascularity, which cannot be differentiat-
ed from malignant tissue. Second, although 
each biopsy core was correlated with imaging 
findings, we cannot be certain that the biopsy 
needle passed through each visible sonograph-
ic abnormality. Third, the biopsy tissue histo-
pathologic was used as a rough estimate, and 
we cannot be certain that all the cancers were 
identified. Further larger scale study with wh- 
ole-mount prostatectomy is needed.

Conclusions

Understanding the value of CE-TRUS could have 
implications for patient care. CE-TRUS had bet-
ter diagnostic performance in patient with inde-
terminate risk that may help clinicians make a 
decision whether to keep on prostate cancer 
screening or to process CE-TRUS targeted pros-
tate biopsy. CE-TRUS targeted biopsy may de- 
tect more cancer foci that may be useful in 
reflecting cancer distribution in prostate gland 
and evaluating the stage. CE-TRUS targeted 
biopsy may detect more patients and cancer 
foci with fewer biopsy cores that may alleviate 
biopsy related risks and patient complaints.
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