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Role of Duplex Ultrasound in Diagnosis of Prostate Cancer and Localization for Biopsy
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ABSTRACT

Background: Prostate cancer is a common malignancy among men and is one of major problem 
of health care system. Ultrasonography is useful, safe, and available method for evaluation of 
prostate problem. The aim of present study was to evaluate the role of duplex ultrasound in 
diagnosis of prostate cancer and localization for biopsy. Methods & Materials: In a descriptive 
analytical study, 27 patients with increased level of PSA, who were referred to ultrasonography 
ward of Imam Reza Hospital for prostate biopsy, were included in the study and examined with 
color doppler and duplex ultrasonography. Biopsy was done for all patients using transrectal 
guided ultrasonography. Resistance index (RI), pulsatility index (PI), prostate volume, and 
pathology findings of biopsy, were evaluated. Results: Among 27 patients, 12 patients 
(44.4%) had prostate cancer and 15 patients (55.6%) had benign prostatic hyperplasia (BPH). 
In evaluation of RI & PI in prostate arteries, there were no significant differences between 
patients with malignancy and patients with BPH (P>0.05). Mean volume of prostate in patient 
with prostate cancer was 36.56±3.13 ml and in patients with BPH was 54.76±5.42 ml. Mean 
volume of prostate in patients with BPH was significantly more than patients with prostate 
cancer (P=0.020). Conclusion: Based on the findings of present study; there is no significant 
correlation between vascular features of prostate arteries and prostate malignancy, and volume 
of prostate in patients with BPH was significantly higher than patients with prostate cancer.

INTRODUCTION
Prostate cancer is one of the commonest cancers among elder 
men and is the second cause of cancer related deaths among 
men. Incidence of prostate cancer in the life of male persons 
is one out of six men (1, 2). Many tests and methods are 
proposed for assessing prostate, in order to diagnose prostate 
cancer at early stages such as serum prostate specific antigen 
(PSA) test, percent free PSA, digital rectal examination and 
transrectal ultrasonography (TRUS). The precise diagnosis 
of prostate cancer is done by transrectal ultrasound guided 
biopsy of prostate (3). Many studies are conducted in order 
to find a sensitive method to distinguish prostate cancer from 
prostate benign process at a very early stage.

Recently impressive progress in color doppler and duplex 
ultrasonography (CDUS and DUS) has led to more precise 
survey of anatomy of vascularity of organs such as prostate. 
Transrectal CDUS is a noninvasive method for study of vas-
cular anatomy of prostate in a real-time and reproducible 
pattern (4). Some studies have reported that color flow of 
a normal prostate at CDUS is generally low or absent and 
presence of a focal hypervascularity at peripheral zone of 
prostate at CDUS should interpreted as a suspicious focus 
for malignancy; however some other studies revealed that 
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some inflammatory or infectious process may have similar 
view on CDUS (5,6). It is known that capsular and urethral 
branches of prostatic arteries are the main source of prostate 
blood flow (7).

In this study we are aimed to assess the role of CDUS 
findings of capsular and urethral arties including pulsatility 
index (PI) and resistive index (RI) of these arteries in distin-
guishing malignant and benign process of prostate; as there 
are very few studies in this regard.

METHODS AND MATERIALS

Twenty seven patients who were referred to ultrasonogra-
phy ward of Imam Reza Hospital, Tabriz, Iran by urology 
specialist due to abnormal digital rectal exam and elevated 
prostate specific antigen (PSA) for ultrasonography guid-
ed transrectal biopsy of prostate, were entered to the study. 
Transrectal ultrasonography, color doppler transrectal ul-
trasonography and transrectal prostate biopsies were done 
for patients. These ultrasonographic examinations were 
performed using LPC-1530, ALOKA Corporation, Japan 
ultrasonography machine using a 5MHz transrectal probe. 
Patients were prescribed a gastrointestinal tract cleaning en-
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ema on the morning of examination; and were told to empty 
the bladder before the examination.

A gray scale transrectal ultrasonography was performed 
assessing the parenchymal echogenicity of the prostate in 
both coronal and sagittal views, measuring the dimensions 
and volume of prostate and investigating any abnormality in 
echo texture of prostate as hyperecho or hypoecho nodules. 
Color doppler and duplex ultrasonography (CDUS and DUS) 
examinations of prostate at the largest transverse section were 
conducted to evaluate the vascularity of prostate gland includ-
ing capsular and urethral arteries at the peripheral and transi-
tional zones of prostate. The capsular arteries were examined 
at the entering site to prostate and the urethral arteries were 
examined parallel to the urethra. At DUS in order to identify 
the arteries we set the Pulse Repetition Frequency (PRF) at 
the lower threshold. We measure the Pulsatility index (PI) and 
Resistance Index (RI) of capsular and urethral arteries at both 
sides. Also any hypervascular of hypovascular nodules at the 
parenchyma of prostate was examined by CDUS and DUS.

The patients received 500mg of ciprofloxacin every 12 
hours and 250 mg of Metronidazole every 8 hours on the 
day before sampling up to 10 following days. Biopsies were 
taken using an 18 –gauge, 20 cm needle from 12-core stan-
dard sampling areas (including apex, central, posteromedial, 
posterolateral, mediolateral and anterolateral areas of both 
sides). Also samples were taken from any suspicious nod-
ules which were detected at CDUS and DUS examinations. 
Acetaminophen is prescribed to use if there was a pain after 
sampling. Samples were sent for histopathologic studies for 
any malignancy or benign pathologies.

Statistical Analysis

Data were analyzed using SPSSTM, version 17 software. Data 
were explained as mean±SD, percent and frequency. In order 
to compare two qualitive variables, chi square test and for 
comparing two quantitive variables Mann-Whitney U test 

were used. In all test the P value less than 0.05 was consid-
ered as significant.

Ethical Considerations

This study was conducted after it is approved by the Ethical 
Committee of Tabriz University of Medical Sciences. The 
whole process of study was explained to patients before en-
tering the study and the patients received an informed con-
sent. Patients who had accepted the concept of study was 
entered the study. All information of patients including the 
demographical data, gray scale and color doppler ultraso-
nography data and the results of biopsies remained secret.

RESULTS

With respect to histopathologic outcome, patients were di-
vided to two groups of malignant and nonmalignant groups. 
Patients with pathology of malignancy at least at 1 area of 
12 studied areas of prostate were considered as malignant 
group. Of 27 studied patients, 12 patients had malignant 
samples and 15 patients did not have any malignancy at 
prostate samples. Table 1 shows the frequency of malignan-
cy at each area of sampling.

The Mean age of all patients was 62.62 years; mean age 
of patients at malignant and nonmalignant groups was 63.91 
and 61.60 respectively.

The mean volume of prostate in all patients was 
49.69±3.71 ml; the volume of prostate at nonmalignant 
group was 54.76±5.42 ml which was significantly higher 
than mean volume of prostate at malignant group which was 
35.56±3.13 ml (P value=0.020).

The results of DUS study showed that there is not any 
significant difference between vascular features (RI and PI) 
of capsular and urethral arteries at peripheral and transition-
al zones of prostate with prostate cancer. Our study results 
showed that mean RI value of capsular artery was slightly 

Table 1. Frequency of malignancy in 12-core standard prostate biopsy areas
Area of prostate Malignant Nonmalignant
Whole prostate (Percent) 12 patients (44.4%) 15 patients (55.6%)

Right lobe (Percent) 9 patients (33.3%) 18 patients (66.7%)
Left lobe (Percent) 11 patients (40.7%) 16 patients (59.3%)
Right apex (Percent) 5 patients (18.5%) 22 patients (81.5%)

Right anterolateral (Percent) 6 patients (22.2%) 21 patients (77.8%)
Right mediolateral (Percent) 6 patients (22.2%) 21 patients (77.8%)
Right posterolateral (Percent) 7 patients (25.9%) 20 patients (74.1%)
Right posteromedial (Percent) 7 patients (25.9%) 20 patients (74.1%)

Right central (Percent) 8 patients (29.6%) 19 patients (70.4%)
Left apex (Percent) 6 patients (22.2%) 21 patients (77.8%)

Left anterolateral (Percent) 6 patients (22.2%) 21 patients (77.8%)
Left mediolateral (Percent) 6 patients (22.2%) 21 patients (77.8%)
Left posterolateral (Percent) 6 patients (22.2%) 21 patients (77.8%)
Left posteromedial (Percent) 6 patients (22.2%) 21 patients (77.8%)

Left central (Percent) 7 patients (25.9%) 20 patients (74.1%)
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higher at malignant group compared to nonmalignant group 
(0.73 compared to 0.72) however the mean PI value at this 
artery is higher in nonmalignant group (1.32 compared to 
1.41). The mean RI value at urethral artery is lower at malig-
nant group compared to nonmalignant group (0.69 compared 
to 0.70); on the other side mean PI of this artery is higher 
at malignant group (1.26 compared to 1.22). However these 
differences were not statistically meaningful.

Of 27 patients 15 patients had at least one suspicious 
prostate nodule including 10 patients with hypervascular and 
5 patients with hypovascular nodules. Of these 15 patients 
only 3 nodules had a site of malignancy at pathology study. 
The results showed that existence of nodule at prostate is 
not correlated with prostate malignancy (P value= 0.194). 
Also in hypervascular prostate nodules; we did not find 
any relationship between the vascular features (RI and PI) 
of nodule artery and the possibility of malignancy at these 
nodules.

The detailed comparison of DUS study results of pros-
tate arteries and prostate nodules artery in both groups were 
shown at Table 2.

DISCUSSION

Prostate cancer is the commonest cancer among elder men 
and it has the highest incidence among cancers in males 
(22%). The prostate cancer is the second leading cause of 
mortality following lung cancer among males (11%) (8-10). 
As the mortality rate caused by prostate cancer increases by 
progression of disease, nowadays there is a large attention 
to early diagnosis of this disease. It is previously mentioned 
that many methods are being used to detect prostate cancer 
at early stages including PSA, Free PSA, digital rectal ex-
amination, and prostate biopsy (11). Gray scale transrectal 
ultrasonography is being used as the first imaging modality 
for localizing and visualizing anatomic aspects of prostate 
tumor; however its efficacy to detect this cancer at early 
stages is doubtful. Some studies have shown that gray scale 
transrectal ultrasonography has a low positive predictive val-
ue for cancer detection. At transrectal gray scale ultrasonog-
raphy most prostate cancers is isoechoic or has a nonspecific 
irregularity of echo texture of prostate (12-14).

As previous studies have demonstrated; the growth of 
solid tumors is depended on angiogenesis as a result of en-
dothelial growth factor secretion; which will result in in-
creased vascularity of tumor and its blood flow (15-18). 
The study of Delongchamps et al revealed the same rule for 

the prostate cancer; in this study results showed increased 
blood flow and hyper vascularity of prostate at the malig-
nant site due to increase in angiogenesis (19). Recently col-
or doppler ultrasonography is being used to investigate the 
vascular structure of tumor and assess the site of increased 
vascularity. Many studies aimed to investigate the role of 
CDUS findings in distinguishing malignant tissue from nor-
mal tissue in cancers (17, 18). In a study by Remzi et al 
it is demonstrated that CDUS can detect patients without 
prostate cancer who has high PSA. The results of this study 
showed a high negative predictive value for CDUS in diag-
nosing prostate cancer, the authors concluded that CDUS 
can prevent further prostate biopsies in order to diagnose 
cancer (20).

As very few researches have been conducted to evaluate 
the role of CDUS in detecting malignant tissue in prostate, we 
are aimed to investigate this problem. In our study, the mean 
volume of prostate in malignant and nonmalignant prostate 
was 36.56 and 54.76 respectively; in which the volume of 
prostate was significantly lower at malignant prostate.

The mean PI value of capsular arteries at peripheral zone 
of prostate in malignant and nonmalignant prostate was 1.32 
and 1.41 respectively; and the mean PI value of urethral ar-
tery at transitional zone of prostate in malignant and nonma-
lignant prostate was 1.26 and 1.22 respectively. The mean 
RI value of capsular arteries at peripheral zone of prostate in 
cancer cases was 0.73 which was slightly higher than mean 
value for non-cancer cases which was 0.72; and the mean RI 
value of urethral artery at transitional zone of prostate was 
slightly lower in malignant compared to nonmalignant pros-
tate, which was 0.69 and 0.70 respectively. However there 
was a slight differences between the RI and PI values of cap-
sular and urethral arteries of two groups of patients but our 
statistical analysis showed that there is not any correlation 
between CDUS findings (including PI and RI of capsular 
and urethral arteries of prostate) with prostate cancer.

In concordance to our study, the study of Alazab et al 
showed that the lower prostate volume is more suggestive of 
prostate cancer rather than prostate benign pathologies such 
as BPH. In this study also higher age, higher PSA value and 
existence of a hypoechoic area in TRUS of prostate were 
mentioned as other predictive factors of prostate cancer (21).

Some studies have showed that CDUS of prostate eval-
uating the RI and PI value of prostate arteries could inform 
us with good data in regard to lower urinary tract obstruc-
tion (22, 23). In a study done by Kojima et al it is revealed 
that the patients with BPH significantly have higher mean RI 

Table 2. Comparison of DUS features of prostate arteries and prostate nodules artery in tow groups
Duplex Whole patients Malignant Nonmalignant P value
Capsular artery RI (Mean±SD) 0.73±0.087 0.73±0.091 0.72±0.087 0.71
Capsular artery PI (Mean±SD) 1.37±0.29 1.32±0.206 1.41±0.346 0.52
Urethral artery RI (Mean±SD) 0.69±0.072 0.69±0.084 0.70±0.063 0.328
Urethral artery PI (Mean±SD) 1.24±0.30 1.26±0.22 1.22±0.36 0.943
Prostate nodule artery RI (Mean±SD) 0.72±0.10 0.71±0.07 0.72±0.11 0.517
Prostate nodule artery PI (Mean±SD) 1.33±0.38 1.35±0.07 1.33±0.38 0.383
DUS: Duplex Ultrasonography, RI: Resistance Index, PI: Pulsatility Index 
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value compared to men with normal prostate. Of 33 patients 
evaluated in this study, 85% patients had RI value more than 
0.7; suggesting that RI value more than 0.7 could be a pre-
dictive factor of lower urinary tract obstruction (24).

In an early report from Rifkin et al in which they have 
studied the correlation between spectral doppler analysis and 
potential of malignancy of hypervascular area of prostate; 
it is showed that mean RI value of arteries in these area in 
malignant patients (0.60) was slightly lower than mean RI 
value of arteries in nonmalignant patients (0.62), howev-
er this difference was not statistically meaningful (5). Our 
study also showed the same results, we also investigate the 
nodules of prostate with CDUS which were found in TRUS; 
the mean RI value of hypervascular nodules in cancerous 
patients was 0.71 which was slightly lower than non-cancer-
ous patients (0.72), same as Rifkin study; and the mean PI 
value in these areas was slightly higher in cancerous patients 
(1.35 versus 1.33); also in our study these differences were 
not meaningful.

In another similar study done by Berger et al in Austria on 
92 patients consist of 22 with normal prostates, 45 with BPH 
and 25 with prostate cancer, they studied the mean RI value 
of prostatic arteries in these patients which were 0.83, 0.84 
and 0.81 respectively in peripheral zone and 0.66, 0.77 and 
0.64 in transitional zone (25). The study of Berger et al re-
vealed that mean RI value in transitional zone is significantly 
higher in benign prostate process such as BPH compared to 
prostate cancer. The same as our results, in which the mean 
RI value in transitional zone is slightly lower in malignant 
patients compared to BPH patients; but our studied showed 
no significant differences between RI values of these groups. 
Unlike Berger et al study, in ours the mean RI value in periph-
eral zone is slightly higher in patients with prostate cancer 
compared to patients with BPH. We think this discordance 
between two studies can be explained by the sample size, in 
which we have studied 27 patients compared to 92 patients 
of Berger study. Some studies have shown that the Mean RI 
value of prostate arteries is related with the prostate volume 
(22, 24, 26, and 27); so the differences between mean vol-
umes of prostate in this study to ours (39.8 versus 49.7) could 
be another reason for the discordance of two studies’ results.

To our search, the only study in this regard which has 
evaluated both RI and PI values of prostate arteries is a study 
done by Turgut AT et al at in Ankara, Turkey on 100 patients 
(14 malignant patients, 41 nonmalignant patients and 50 nor-
mal prostates) (28). Unlike our study, the study of Turgut et 
al showed no significant differences between median pros-
tate volume between two groups (52 in malignant group and 
67 in nonmalignant group); on the other side in our study the 
median prostate volume was meaningfully lower in patients 
with prostate cancer compared to patients with BPH (36.56 
versus 54.76). In the study of Turgut et al mean PI value was 
statistically lower in malignant group (mean PI value=1.49) 
compared to nonmalignant group (mean PI value=1.71) 
in peripheral zone (P value= 0.48); similar to our study, in 
which the mean PI value in peripheral zone was lower in 
cancerous patients compared to other patients (1.32 versus 
1.41) however the differences in our study was not statis-
tically significant. In both studies mean PI value in transi-

tion zone was insignificantly higher in patients with prostate 
cancer (1.71 vs. 1.56 in Turgut et al study and 1.26 vs. 1.22 
in our study). In Turgut study the mean RI value in patients 
with prostate cancer and BPH in peripheral zone was 0.78 
and 0.82 respectively, and in transitional zone was 0.81 and 
0.80 respectively. However the group (malignant or nonma-
lignant group) with higher mean RI value in both peripheral 
and transitional zone was completely in contrary between 
Turgut et al study and ours, but in both studies the differenc-
es of mean RI value between two groups of studied patients 
was marginal and statistically insignificant.

In conclusion our results showed that there is no relation 
between color Doppler ultrasonography findings of capsu-
lar and urethral arties including pulsatility index (PI) and 
resistive index (RI) of these arteries and prostate malignan-
cy. Also there was not any connection between presence of 
prostate nodule and site of prostate malignancy; so existence 
of prostate nodule cannot narrow the biopsy number and 
sites. Our study showed that the size of prostate is meaning-
fully smaller in patients with prostate cancer than patients 
with benign prostate hyperplasia.

Considering all studies in this field, it is suggested that 
assessment of prostate with CDUS examination in patients 
with abnormal tests and clinical findings may provide useful 
data. Finally we recommend further studies in this regard to 
evaluate the role of color Doppler ultrasonography findings 
in prostate cancer with larger study group.
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