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Abstract
Objective: The aim of this study is to compare the eff ect of transrectal power 
Doppler ultrasound (PDUS) and gray scale transrectal ultrasound (TRUS) for 
the diagnosis of prostate cancer. 

Materials and Methods: Seventy-six patients evaluated with transrectal PDUS 
and TRUS underwent eight systematic TRUS guided core-needle biopsies, with 
additional cores from abnormal areas. Histologic diagnoses were classifi ed as 
benign prostatic hyperplasia, chronic prostatitis, intraepithelial neoplasia and 
adenocarcinoma. TRUS and PDUS fi ndings of the cases were recorded.

Results: PDUS sensitivity, specifi city, positive predictive value (PPV) and neg-
ative predictive values were 81%, 81%, 54% and 94%, respectively. PDUS had 
a greater sensitivity and specifi city than TRUS (43% and 60%, respectively) and 
identifi ed cancer cases more accurately (Table 2). 

Conclusion: Hypervascular foci in PDUS signify suitable zones for biopsy. 
When combined with systematic TRUS guided biopsy, PDUS increases the 
cancer detection rate with additional biopsies from suspicious hypervascu-
lar foci. Transrectal PDUS guided biopsy should be combined with gray scale 
TRUS guided biopsy to increase accuracy in the diagnosis of prostate cancer.  
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Özet
Amaç: Çalışmamızda prostat kanseri tanısında power Doppler Ultrasonogra-
fiyi (PDUS) gri skala ultrason(TRUS) ile kıyaslayarak prostat kanseri tanısındaki 
etkinliğini araştırmayı amaçladık. 

Gereç ve Yöntem: Kliniğimizde 76 olgu power Doppler ultrasonografi ile de-
ğerlendirilerek rutin 8 kadran ve anormal alanlardan ek biyopsiler yapıldı. Pa-
tolojik tanılar benign, kronik prostatit, intraepitelyal neoplazi ve kanser olarak 
sınıfl andırıldı. Olguların b mod ultrasonografi ve power Doppler ultrasonog-
rafi bulguları kaydedildi. 

Bulgular: PDUS duyarlılığı, özgüllüğü , pozitif öngörüsel değeri ve negatif 
öngörüsel değeri sırasıyla %81, %81, %54 , %94 olarak bulunmuştur. PDUS’un 
duyarlılığı ve özgüllüğü TRUS’a göre yüksek bulunmuştur (%43 and % 60 res-
pectively) PDUS kanser olgularını daha yüksek doğrulukla saptamaktadır. 

Sonuç: Prostat Ca tanı ve takibinde gri skala US ve sistematik biopsiler önemli 
rol oynamaktadır. PDUS biopsi için uygun alanları hipervasküler lezyonlar olarak 
ortaya koyar. Bu alanlardan alınan ilave biopsiler sonucunda, TRUS ve sistematik 
biopsi ile kombine bir şekilde kullanıldığında Ca tespit oranını artırır. PDUS eşlikli 
biopsinin sistematik biopsi ile kombine kullanımı tercih edilmelidir. 
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Introduction

Prostate cancer has been the most common visceral malignant 

neoplasm in men since 1984, now accounting for one third of all 

such cancers [1]. Radiologic examination takes an important role 

in prostate cancer diagnosis and follow-up. The imaging methods 

include transrectal ultrasound (TRUS), computed tomography (CT) 

and magnetic resonance imaging (MRI). It has been demonstrated 

that TRUS gives more detailed information than either CT or MRI [2]. 

In spite of a high sensitivity of TRUS, the low positive predic-

tive value (PPV) in the assessment of malignant lesions attenuates 

its strength. The reason for this low PPV is that hypoechoic lesions 

in malignant tumors can also be seen in other pathologies. To 

increase the accuracy, it is necessary to take biopsies from the whole 

peripheral zone. This has led to the investigation of various methods 

to decrease the cost and morbidity, while increasing the PPV, to 

prevent unnecessary biopsies. Lesion size and location, digital rectal 

examination (DRE) and PSA levels have all been proven to affect 

TRUS’ PPV [3]. 

In the early 1990s, the utility of color Doppler ultrasound was rec-

ognized for the diagnosis of prostatic lesions as an additive and neces-

sary method to use with gray scale transrectal ultrasound (TRUS) [4]. 

The role of power Doppler ultrasound (PDUS) in prostate carcinoma 

has been the subject of several publications [5-6]. PDUS improves the 

sensitivity of endorectal ultrasound in spite of some false negative 

results, demonstrates tumor vascularity, detects capsular extension 

and aids in imaging guided biopsies. The purpose of this study is to 

demonstrate the beneficial effect of power doppler ultrasound (PDUS) 

combined with gray scale TRUS guided systematic biopsy. 

Materials and Methods

Seventy-six men aged 55-88 years (mean: 68.2 years) with a 

serum PSA above 4.0 ng/ml [4.02-100] were enrolled in the study. 



All patients were prescribed ofloxacin 400 mg once a day two days 

before the biopsy session, for prophylactic purposes. For pain con-

trol, a diclofenac suppository and rectal lidocaine were administered 

30 minutes and 5 minutes, respectively, before the intervention. 

The study was performed using a Toshiba Power Vision 7000 

Doppler ultrasound device with a 7 MHz transrectal probe. The 

patients lay down in the left lateral decubitus position with the 

knees and hips flexed. For an optimal examination, sufficient gel was 

spread between the latex cuff and the rectal probe. The whole pros-

tate gland was carefully examined in axial and sagittal sections in all 

patients. During this examination, the presence of an irregular con-

tour and an asymmetric gland were recorded as abnormal findings.

Hypoechoic lesions in the peripheral zones in TRUS were recorded. 

PDUS gain was set just below the level of background noise. All PDUS 

images were analyzed and vascularization was graded as below (Fig 1). 

0-   No abnormal vascularity

1-   Low focal vascular clustering

2-   Intensive focal vascular clustering

3-   Diffuse vascular clustering

Grade 0 was considered negative and grades 1, 2 and 3 were 

considered positive [7]. 

Figure 1 displays samples from grades 0, 1, 2 and 3. 

The transrectal biopsy procedure was initiated after the prostatic 

echostructure evaluation; an 18 gauge biopsy device was employed 

for the biopsy. The insertion of the needle to the very proximal 

region of the targeted lesion was confirmed on the screen. The biop-

sy-gun was then triggered and a tissue sample was obtained and 

sent in 10% formaline solution for histologic examination. Additional 

biopsies included eight core systematic TRUS biopsies (six cores from 

the peripheral zone, two cores from transitional zone) and, if there 

were hypoechoic and/or PDUS positive areas, two cores from each. 

When PDUS displayed diffuse vascular clustering (grade 3), samples 

were taken from the area where the most intensive signal was seen. 

When the patients had normal findings on digital rectal examination 

(DRE), TRUS or PDUS, only eight cores biopsy was performed. 

Statistical analysis: The results of the imaging study were corre-

lated with the histologic examinations. A result was declared a true 

positive if at least one biopsy was positive in the same area as the 

lesion visualized. A result was declared a true negative if no biopsy 

was found positive during the examination with no visible lesion. 

Sensitivity, specificity, and positive and negative predictive values of 

a cancer diagnosis were calculated. Significance was evaluated using 

the chi-square test (p=0.05)

Results

The correlation of positive biopsy cores with PDUS and TRUS 

findings is summarized in Table 1. Six of the 15 hypoechoic hypervas-
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Figure 1. A) Grade 3 (Diffuse flow pattern throughout the gland), B) Grade 2 (Right peripheral zone focally intense flow pattern), C) Grade 1 (Right peripheral zone focally low 
flow pattern), D) Grade 0 (Scarce flow in the gland). 



cular lesions (40%) were found to be cancerous. Though cancer was 

only demonstrated in one of 16 hypoechoic non-vascular areas (6%), 

seven of nine non-hypoechoic hypervascular areas (77%) revealed 

cancer. PDUS positive areas were determined in 24 cases (31%), of 

which 13 were malignant and 11 were benign. Sixteen of 76 patients 

(21%) had prostate adenocarcinoma. According to vascularization 

grading, 52 cases (68%) were identified as negative (grade 0). Five 

(6.5%), eight (10%) and eleven (14%) cases were defined as grade 1, 

grade 2 and grade 3, respectively. 

Flow patterns with given histologic diagnoses are depicted in 

Figure 2. In the 2nd, 3rd and 4th cases no hypechoic TRUS findings 

were demonstrated, and systematic biopsies gave benign results. 

However, PDUS examination identified abnormal hypervascular 

areas in the peripheral zone in all of these cases from where addi-

tional biopsies were taken. Histologic examination revealed prostatic 

adenocarcinoma in these three types of cases. No significant correla-

tion between Gleason scores and PDUS grading was found. Of 11 

false positive cases indicated with PDUS, six had a moderate inflam-

matory reaction and PIN and two had benign prostate tissue. As a 

result, 13 of 16 adenocarcinoma cases were identified with PDUS and 

seven were assessed with TRUS. PDUS guided biopsies missed three 

cases, one of which appeared as a nonvascular hypoechoic nodule 

in gray scale TRUS. The other two adenocarcinoma cases were nei-

ther hypoechoic in gray scale TRUS nor hypervascular in PDUS. The 

three missed cases were demonstrated with systematic TRUS biopsy. 

Although 24 cases (31%) were negative with PDUS, 31 cases (40%) 

were abnormal in gray scale TRUS.

PDUS sensitivity, specificity, positive predictive value (PPV) and 

negative predictive values were 81%, 81%, 54% and 94%, respec-

tively. PDUS had greater sensitivity and specificity than TRUS (43% 

and 60%, respectively) and identified cancer cases more accurately. 

Discussion

The increasing use of PSA screening over the last few years has 

resulted in a decrease in the mortality rate from prostate cancer [8]. 

However, in cases with serum PSA levels from 4.1-10 ng/ml, positive 

biopsy rates are still low, and unnecessary biopsies cannot be avoided. 

On the other hand, PSA testing may be responsible for the diagnosis 

of clinically insignificant prostate cancers sometimes not detected on 

prostatectomy specimens. In addition, up to 15% of aggressive can-

cers with Gleason scores ≥7 are not detectable by PSA [9]. 

Prostate cancer is characterized by increased vascularity com-

pared to normal prostate tissue due to neovascularization and/or 

growth of the vascular capacity of the existing parenchyma [10].

After color Doppler ultrasound (CDUS) became available, many 

studies were conducted to assess vascularization in prostate can-

cer. However, CDUS cannot display weak vessels in small tumors; 

therefore, PDUS has the advantage over CDUS of showing very low 

vascular flows. Recent studies have been trying to improve cancer 

assessment rates with biopsies taken from abnormal vascular foci 

indicated by PDUS. [11] Sakarya et al. evaluated PDUS in 36 prob-

able prostate cancer cases. They found that PDUS identified suitable 

biopsy locations [12]. Okihara et al. reported high test performances 

of PDUS for prostate cancer assessment with a 98% sensitivity and a 

99% NPV [13]. Quite recent studies have reported that PDUS is a reli-

able method for prostate cancer assessment and suggest that it can 

also predict the aggressiveness of a tumor [14-15].

Halpern et al. evaluated 62 patients with TRUS and PDUS meth-

ods, and cancer was demonstrated in 18 patients total. The positive 

biopsy rate with PDUS was found to be slightly superior to that of 

systematic biopsy 13% vs 9.7%, respectively [16] Satoru et al. evalu-

ated 108 patients and found that PDUS identified 36 cancer cases 

while only 32 were identified by gray scale. They also demonstrated 

that non-hypoechoic hypervascular foci yielded higher rates of can-

cer than non-vascular hypoechoic foci suggesting that PDUS aids in 

the identification of additional cancer [7]. 

In this study, our goal was to evaluate the practical utility and 

limitation of PDUS guided biopsy by comparing it with gray scale 

TRUS and systematic TRUS guided biopsy. Six of 15 hypoechoic 

hypervascular lesions were cancerous (40%) which suggested that 

biopsies should be taken both from PDUS and gray scale TRUS 

positive areas. Interestingly, hypoechoic non-vascular areas yielded 

only 6% positive cancer diagnoses while the hypervascular non-

hypoechoic areas yielded 77% positive cancer diagnoses. These 

findings support the superiority of PDUS over TRUS in the selection 

of potential biopsy foci and suggest that PDUS guided biopsy has a 

higher sensitivity and specificity compared to TRUS. 

In this study, TRUS and PDUS identified seven and thirteen 

cancer cases, respectively. PDUS guided biopsy can identify cancers 

missed by TRUS and sextant systematic biopsy. However, PDUS guid-

ed biopsies alone were missed in three of 16 cancer cases diagnosed 

by a combination of PDUS, TRUS and systematic biopsy. This means 

that PDUS defines suitable areas for biopsy and increases the cancer 

identification rate; however, it does not have sufficient accuracy to 

exclude systematic sextant biopsy. 

In a recent study with 105 patients, the relationship between 

hypervascularity and Gleason scores was investigated. The authors 

concluded that power Doppler US may contribute to the evaluation 

of prostate cancer aggressiveness and help direct biopsies to more 

aggressive foci [14]. In contrast, our study demonstrated no signifi-

cant correlation between Gleason scores and flow grading. Gleason 

scores can be high in low focal flow clustering while lesions with 

intensive focal flow clustering can have low Gleason scores. Among 

patients with Gleason scores less than 6, only one had grade 1, two 

had grade 2 and the other two had grade 3 flow patterns. Among 
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Table 1. Correlation of cancer positive biopsy cores with PDUS and TRUS 

findings

 Hypoechoic  Hypoechoic Total

 zone in TRUS (+)  zone in TRUS (-) 

Hypervascular zone  6/15 (40%) 7/9 (77%) 13/24 (54%)
in PDUS (+)

Hypervascular zone  1/16 (6%) 3/36 (8%) 4/52 (7%)
in PDUS (-)

Total 7/31 (22%) 9/45 20 (%) 16/76 (21%)

Table 2. Sensitivity, specifity, PPV, NPV of TRUS and PDUS methods

 Sensitivity Specificity PPV. NPV Accuracy

TRUS 43.75 60.00 22.58 80.00 56.58

PDUS 81.25 67.12 35.14 94.23 69.66



patients with Gleason scores greater then 6, two had grade 1, two 

had grade 2 and four had grade 3 flow patterns. In prostatic inflam-

mation, increased flow ensues at the arteriolar level with inflamma-

tory mediators leading to an increased flow pattern on PDUS with 

an intensive flow clustering. Both inflammatory alterations and 

prostate cancer are noticed on PDUS as hypervascular foci. To dif-

ferentiate cancerous lesions from benign ones, some studies tried to 

define specific PDUS findings [13-17-18]. For example, Okihara et al. 

demonstrated that in PDUS positive cases without cancer, prostate 

volume is significantly higher than PDUS negative cases without 

cancer. They claimed that the growing inner prostatic tissue needed 

more blood supply than normal glandular tissue[13]. In a study 

which evaluated three dimensional PDUS with contrast medium, the 

sensitivity and specificity were 87% and 79%, respectively, whereas 

PDUS without contrast had a 77% sensitivity and an 86% specificity 

[18]. In a retrospective study, 620 radical prostatectomy specimens 

with preoperative PDUS and TRUS findings were reviewed. The 

authors reported that PDUS improved the specificity of TRUS for 

identifying prostate tumors but did not improve the overall accuracy 

or sensitivity. They also concluded that PDUS could have a role in 

image guidance for the focal therapy of cancer [19]. Further sophis-

ticated studies should be conducted to demonstrate better cancer 

assessment with PDUS imaging.

Conclusion

PDUS identifies hypervascular foci as appropriate areas for biop-

sy. When combined with TRUS and systematic biopsies, additional 

biopsies from these foci increase the cancer assessment rate. In 

conclusion, PDUS guided biopsy, without systematic biopsy, seems 

to have insufficient accuracy. Consequently, it would be better to 

combine TRUS guided biopsy with PDUS.
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