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Contribution of Color Doppler Sonography
to the Diagnosis of Prostatic Pathologies
Özgür Sarıca,

Sabahat Nacar Doğan

ABSTRACT
Objective: The aim of this study was to investigate the ability of color Doppler ultrasonography to determine prostate cancer, to evaluate the contribution of color Doppler
ultrasonography to a conventional greyscale transrectal ultrasonography (TRUS) examination, and to assess the efficacy of prostate-specific antigen (PSA) values in the detection of
prostate cancer in combination with sonographic imaging methods.
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Methods: A total of 78 patients who presented at the Radiology Department of Taksim
Training and Research Hospital and were diagnosed with benign prostate hyperplasia or
prostate cancer were included in the study. The age range of the patients was 49 to 90 years.
A Diasonic VST Master color Doppler ultrasonography system with a 7-Mhz transrectal
probe (Diasonic Technology Co. Ltd., Gyeonggi-do, South Korea) was used to assess the
patients. The presence and number of nodules; the size, shape, and echo structure of the
lesion; the loss of peripheral zone and inner gland border; capsular invasion; seminal vesicle
thickening; and obliteration or patency of the prostate seminal vesicle angle as observed
in the TRUS examination were noted. A vascularization map of different regions of the
prostate gland was evaluated by section. The color flow was graded using a 3-point scale and
the findings were compared with the pathology results.
Results: Based on the results of a histopathological examination, 28 cases (36%) were
malignant and the remaining 50 cases (64%) were benign. The mean PSA density (PSAD)
value was 0.41 in the malignant cases and 0.23 in the benign cases. The best results for the
diagnosis of prostate cancer were obtained with the combined use of TRUS, color Doppler
ultrasound, and PSAD. The sensitivity, specificity, positive, and negative predictive value was
64%, 80%, 64%, and 80%, respectively.
Conclusion: The addition of color Doppler ultrasound to TRUS increased the specificity
and decreased the sensitivity (from 78% to 51%) of the findings. Though RDUS does not
provide a significant advantage in the diagnosis of cancer, the color flow grading better determines the areas to be biopsied. Due to the poor sensitivity of a color Doppler examination, it should be evaluated with grayscale and PSA findings. The best specificity (80%) was
observed with the combined use of these 3 methods.

INTRODUCTION
Prostate cancer is the most common carcinoma in males.
[1]
The incidence of prostate cancer which is graded according to age was calculated to be 35/100000 in Turkey.
[2]
As the age increases, the incidence of prostate cancer
increases. Therefore, diagnosing prostate cancer and distinguishing it from benign pathologies of the prostate constitute a very important clinical problem.
One of the important steps in the early diagnosis and
treatment of prostate cancer is the measurement of
prostate specific antigen (PSA) in serum.[3,4] With the development of defining the disease which is only localized
in the prostate gland, curative treatments such as radical

prostatectomy and radiotherapy have become possible.
Early diagnosis of prostate cancer is also the main purpose
of prostatic imaging.
Although the European Urological Association has accepted multiparametric prostate magnetic resonance
imaging (MRI) with endorectal coil as the reference
method for local staging of prostate cancer, gray scale
transrectal ultrasonographic (TRUS) examination with
its well-known proven diagnostic value is still considered
as a valuable tool.[5] New developments in sonographic
technique and many new studies in the literature point
to the continuous and dynamic development of this
method. With the use of high frequency transducers, new
advances have been made in the TRUS examination of
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prostate cancer. Tissue harmonic imaging, color doppler,
power Doppler examinations are well known examples of
these developments.
The classical appearance of prostate cancer in TRUS examination is a hypoechoic lesion located in the peripheral
zone of the prostate gland. Unfortunately, this finding has
low sensitivity and specificity in cancer detection. While
only 50% of the hypoechoic areas observed in the peripheral zone of the prostate gland are diagnosed as prostate
cancer,[6] 30% of the cancers have been reported to be
isoechoic in TRUS.[7] Low positive predictive value of
TRUS in the diagnosis of malignant lesions weakens the
power of this technique. This makes the biopsy necessary
in all peripheral zone lesions.[8,9] Therefore, the methods
to increase the positive predictive value of TRUS are being
investigated in order to reduce the cost and morbidity and
prevent unnecessary biopsy.
The aim of our study was to investigate the ability of
Color Doppler Ultrasound (CDU) in detecting cancer, the
contribution of CDU to the TRUS imaging and to evaluate
the efficacy of using PSA values together with sonographic
imaging methods in detecting prostate cancer.

MATERIALS AND METHODS
The study was performed retrospectively on 78 patients
aged between 49–90 years (mean 65.3 years) with a prediagnosis of benign prostate hyperplasia or prostate cancer.
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Color Doppler flow rating:
Grade 0 Normal flow (capsular/periurethral) flow
Grade 1 Color doppler signal that can hardly be monitored in the prostate parenchyma
Grade 2 Color doppler signal that can be easily monitored in a limited area of the prostate parenchyma
Grade 3 Diffuse and strong color doppler signal in
prostate parenchyma
Grade 0 and 1 were accepted as CDU negative and grade
2 and 3 CDU were accepted as positive (Figs. 1 and 2).
After B mode and color doppler examination of the
prostate gland, the preparation for biopsy was started.
After informed consent was obtained, all patients underwent TRUS-guided and systematic biopsies using an 18
gauge (G) tru-cut biopsy set without anesthesia or sedation. Right before the procedure, a single dose of intramuscular (IM) gentamicin was administered for 80 mg and
oral ciprofloxacin (2x500 mg) was given for the following
3 days for prophylaxis. One day before the procedure, the
fibrous foods were restricted and the rectal cleansing was
performed in the morning of the procedure with laxative
applied rectally. During the biopsy, it was bewared that a
small amount of urine remained in the bladder to limit the
cranio-caudal movement of the prostate. Following the le-

Patients with suspected hypoechogenic lesions on TRUS
examination, nodular palpation finding on rectal examination or high PSA (>4 ng/mL) were included in the
study. Patients with a diagnosis of prostate cancer who
had previously received radiotherapy, surgery, chemotherapy or hormonal therapy, and those with clinically
significant cardiovascular disease were excluded from
the study.
Diasonic VST master color doppler USG instrument and 7
Mhz transrectal probe were used in the study. B mode ultrasonography (USG) was carefully performed on axial and
sagittal planes. In TRUS imaging, the presence and number
of the nodules, size, shape, echo structure of the lesion,
affected zone, non-mass echo difference in the peripheral
zone, loss of peripheral zone and inner gland boundary,
capsular invasion, seminal vesicle thickening, prostate seminal vesicle angle obliteration were noted.
The vascularization map was evaluated in sections passing through different areas of the gland. The color flow
was graded with a 3-point scale. The findings were compared with the pathology results. CDU examination was
performed on the foci which had pathologies in TRUS.
In cases without pathology, CDU examination was performed carefully to evaluate diffuse abnormal gland vascularization. The CDU severity of both focal and generalized
pathologies were evaluated according to the 0–3 scale as
described in the previous publications.[10]

Figure 1. Subcapsular and periurethral flow, axial and sagittal
sections of color doppler signal, with difficulty in monitoring the
prostate parenchyma (grade 1 flow sample).

Figure 2. Diffuse strong Color Doppler signal in the parenchyma
(grade 3 flow sample).
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sion biopsy, systematic biopsies including other quadrants
were done to detect malignancies that could be missed in
TRUS.
Statistical analysis was performed using NCSS (Number
Cruncher Statistical System) 2007 & PASS (Statistical
Analysis and Sample Size) 2008 Statistical Software (Utah,
USA). While evaluating the study findings, diagnostic tests
(specificity, sensitivity, positive predictive value (PPV), negative predictive value (NPV)) as well as descriptive statistical methods (mean, Standard deviation, median, frequency,
rate) were used. The results were evaluated in 95% confidence interval.

RESULTS
The mean age of our patients was calculated as 65.3 years
(49–90 years). The prostate volumes of all cases ranged
from 28 to 105 cc with an average of 53.44 cc. According
to the biopsy pathology results, a malignancy was detected
in 28 cases (36%). All malignant cases were adenocarcinomas with different Gleason scores. The remaining 50
patients (64%) had no malignancy.
Table 1.

Distribution of laboratory values and CDU
examination findings of the cases by groups

		
		

Malignant
(n=28)

Benign
(n=50)

Mean age
Mean volume (mL)
Mean PSA (ng/mL), n (%)
<4 ng/mL
4–10 ng/mL
>10 ng/mL
Mean PSAD, n (%)
<0.15
>=0.15
CDU, n (%)
Abnormal
Normal

66
54.03
21.34
3 (10.7)
6 (21.42)
19 (67.85)
0.41
5 (17.85)
23 (82.14)

64
53.11
12.21
12 (24)
21 (42)
17 (34)
0.23
28 (56)
22 (44)

24 (85.71)
4 (14.28)

28 (56)
22 (44)

CDU: Color Doppler ultrasound; PSA: Prostate specific antigen; PSAD:
Prostate specific antigen density.

Table 2.
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In TRUS examination, 36 cases were evaluated as malignant
and 42 cases as benign. In our series, the pathology was
detected in 51 patients and 27 patients were evaluated as
normal in CDU. In laboratory analysis; PSA was suggestive
of malignancy (PSA >4.0 ng/mL) in 63 cases and PSA was
within normal limits in the remaining 15 cases. 27 patients
with PSA values between 4–10 ng/mL were detected. The
mean PSAD value of our cases was measured as 0.29. In 45
of the cases, PSAD suggested malignancy (>0.15) and in the
remaining 33 cases, PSA were within normal limits.
The distribution of laboratory values and CDU examination findings of the cases by groups are summarized in
Table 1.
28 cases were observed to have color scaled anomaly in
CDU examination and to be histopathologically benign.
12 of these patients were diagnosed with benign prostatic
hyperplasia (BPH) and 16 were diagnosed with prostatitis.
22 of all malignant cases were evaluated as malignant and 6
were evaluated as benign in TRUS examination.
Complications such as rectal hemorrhage and hematuria
after biopsy were negligible.
When the positive predictive value (PPV), negative predictive value (NPV), sensitivity and specificity were calculated
for each variable by comparing the results of imaging and
laboratory findings with the pathology results in our study,
the values in Table 2 were obtained.
If CDU was added to the TRUS for the decision to perform biopsy and the biopsy was not done when CDU was
negative, 4 cancer cases (14%) would not be caught. Under this condition, the sensitivity (51%) of TRUS would
decrease, and specificity (83%) and NPV (77%) would increase, while the PPV would not change (60%).

DISCUSSION
Accurate, reliable early diagnosis and staging are essential requirements for optimal management of patients
with prostate cancer. The most commonly used diagnostic method for the detection of prostate cancer is digital rectal examination (DRE). However, early diagnosis
of prostate cancer can be difficult with DRE and various
laboratory tests and modern radiological imaging methods
are used in addition to DRE in order to prevent delay in di-

The results of imaging and laboratory findings with the pathology results

Method
Prostate specific antigen density
Prostate specific antigen
transrectal ultrasonographic
(Color Doppler Ultrasound) color grading
Transrectal ultrasonographic+CDU+PSAD

Sensitivity

Specificity

PPV

NPV

82.14%
89.28%
78.57%
85.71%
64.28%

56% (0.41–0.70) CI
24% (0.13–0.38) CI
72% (0.57–0.83) CI
46% (0.31–0.60) CI
80%

51.11%
39.68%
61.11%
47.05%
64.28%

84.84%
80%
85.71%
85.18%
80%

*In case of deviation from normal with the criteria defined in all three methods, this case was considered as positive, if one of the three methods was evaluated
within normal limits, then it was considered as negative. CI 95% confidence interval. PPV: Positive predictive value; NPV: Negative predictive value; CDU: ColorDoppler ultrasonography; PSAD: Prostate specific antigen density; CI: Confidence interval.
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agnosis. The sensitivity of PSA levels in detecting prostate
cancer was found to be better than DRE. However, PSA
levels are not specific.[11–13] This elevation can occur in benign prostatic hypertrophy, acute and chronic prostatitis,
prostatic intra-epithelial neoplasia, infarcts, etc. The presence of prostate cancer in people with normal PSA levels
makes the situation more complicated and increases the
need for imaging methods.[13]
Because of the known low sensitivity and specificity of
TRUS, which is the most commonly used imaging method
in the diagnosis of prostate cancer, additional imaging
methods that increase diagnostic power have been investigating for a long time. Advances in sonographic vascular (CDU) imaging help to diagnose prostate cancer. It is
known that cancerous tissue initiates a vascular reaction
leading to new vascularization. Neovascularization has
been reported in many cancers as in prostate cancer.[14–16]
In our study, cancer was detected in 36% by histopathological evaluation. In many studies performed with different imaging methods, the rate of cancer detection was
reported to be 29–53%.[17–23] In our study, sensitivity was
higher with color grading (85%) than TRUS (78%), but
specificity was lower (TRUS; 72%, CDU 46%). Low specificity is primarily due to the apparent overlap between
cancer and prostatitis. As a matter of fact, none of the
patients with prostatitis had normal color grading.
The diagnostic strength of TRUS and CDU combination
varies between studies. In general, the sensitivity and
specificity of combined evaluation have been reported to
be between 33–88% and 57–85%.[24–26]
In our study, sensitivity was calculated as 51%, specificity
83%, PPV 60% and NPV 77% when TRUS and CDU were
combined. If CDU was added to the TRUS for the decision
to perform a biopsy and the biopsy was not performed
when CDU was negative, 4 cancer cases (14%) would not
be caught. Our results are similar to the studies evaluating
the information in the literature on a case-by-case basis,
whereas more satisfactory results were obtained in studies that evaluated CDU separately for each biopsy area. In
a study of this type, they reported 93% specificity.[27]
Kelly et al.[28] found higher positive predictive values compared to CDU by doing TRUS alone. In our study, the
positive predictive value of TRUS (61%) was higher than
the color grading (47%).
Kelly et al. reported 1 case of CDU that could not be visualized by conventional gray scale USG to represent 1.3%
of all patients in the study. Rifkin et al.,[29] in a study where
they did with a bigger group, identified abnormal color
flow normal gray scale in 9 of 132 cancer cases (7%) and
in 5% of benign lesions. Abnormal color flow monitoring
is a rare condition although TRUS evaluation is normal.
This may indicate both benign and malignant conditions. In
our series, there was only one case with abnormal color
flow and a normal gray scale. Unfortunately, despite the
inclusion of CDU findings, it remains difficult to diagnose
the isoechoic prostate cancers.
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Should the decrease in vascularity be evaluated for benignity? We cannot respond positively to this question since
we have seen cases detected with cancer despite of being
“CDU negative”. Numerous cases of CDU-negative cancer have been reported in the literature, as well. With the
available data, we cannot reveal a possible link between
Gleason stage and CDU. In a study by Newman et al.[27]
that correlated CDU with histological results in all biopsy
sites, no correlation could be established between the
Gleason score and CDU.
It is well known that ultrasonography, a subjective examination method, depends on the experience of the examiner. Although it cannot be clearly demonstrated in this
study, it can be argued that CDU examination may eliminate the experience dependent situation.
Screening for prostate cancer is based on a triad of DRE,
PSA and TRUS. Many studies have demonstrated that the
combined use of these three studies facilitates cancer detection.[30,31] In our study, when TRUS + CDU + PSAD
were used together, the sensitivity was 64.28% and the
specificity was 80%.
Due to the low specificity of TRUS-guided prostate biopsy
in hypoechoic nodules originating from the peripheral region, not only biopsy of nodules but systematic biopsy is
required. Combining random and targeted biopsies with
or without palpable abnormalities increases the rate of
cancer detection. Our results suggest that combined sensitivity calculated from CDU and TRUS may not be sufficient to prevent random biopsies.
The sensitivity and specificity of prostate MRI imaging,
which is a popular imaging modality recently, in the detection of prostate cancer were reviewed with three
meta-analysis. In the one with 21 studies using Prostate
imaging reporting and data system (PIRADS version
2) V2, 89% of common sensitivity and 73% of specificity were calculated.[32] Compared to multiparametric
prostate MRI meta-analysis[33] that did not use prostate
imaging reporting and data system (PIRADS) and PIRADS
V1,[34] PIRADS V2 studies showed increased sensitivity
while specificity decreased slightly (sensitivity and specificity values for both studies were 74% and 88%,[33] 78%
and 79%[34] respectively). In a meta-analysis consisting of
16 studies and 2624 patients, the sensitivity and specificity of ultrasound using contrast material for detecting
prostate cancer were determined as 70% and 74%, respectively.[35] When the sensitivity and specificity of the
triple combination (64.28% and 80%), which we obtained
the best results in our study, were compared with the
results of prostate MRI and prostate ultrasound with
contrast; the specificity values of our study were comparable with the new techniques, but the sensitivity values
were lower.
The main limitation of our study is that the grading of
vascularization depends on the subjective evaluation of
the person who applies the CDU. Other limitations include the relatively small number of cases, the absence
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of rectal examination findings in the study, the fact that
CDU was not recorded separately for each biopsy site,
no correlation of Gleason score, and the absence of new
sonographic applications such as USG with contrast or
elastography.
After all; in our study, the addition of CDU to TRUS increased the specificity but decreased the sensitivity (from
78% to 51%). CDU examination findings can be considered as one of the secondary findings (e.g. loss of normal
accepted limits, bulging at the contour) used to make a
biopsy decision for cancer diagnosis. According to our
results, although we cannot claim that CDU provides a
significant advantage in the diagnosis of cancer, color flow
grading better identifies the prospective biopsy sites. Because of the low specificity of Color Doppler examination,
it should be evaluated with Gray Scale and PSA findings.
As a matter of fact, we obtained the best specificity (80%)
by using three methods together. Although the specificity
obtained by using three methods together was similar to
new techniques such as multiparametric prostate MRI and
prostate USG examination with contrast, the sensitivity
values were lower.
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Prostat Patolojilerinde Renkli Doppler İncelemenin Yeri
Amaç: Çalışmamızın amacı renkli Doppler ultrasonografinin kanser belirleme yeteneğinin araştırılması transrektal gri skala ultrason incelemeye katkısı ve PSA değerlerinin sonografik görüntüleme yöntemleri ile birlikte kulanımının prostat kanseri saptamadaki etkinliğinin
değerlendirilmesidir.
Gereç ve Yöntem: Çalışmaya Taksim Eğitim ve Araştırma Hastanesi Radyoloji Bölümü’ne benign prostat hiperplazisi ya da prostat kanseri
ön tanısı ile başvuran ve yaşları 49–90 arasında değişen 78 hasta alındı. Araştırmada Diasonic VST master renkli Doppler USG aracı ve 7
Mhz’lik transrektal prob kullanıldı. TRUS incelemede nodüllerin varlığı ve sayısı, lezyonun boyutu, şekli, eko yapısı, tutulan zon, peripheral
zondaki nonkitlesel eko farklılığı, periferik zon ve inner gland sınırının kaybı, kapsüler invazyon, seminal vezikül kalınlaşması, prostat seminal
vezikül açısının obliterasyonu ya da açıklığı not edildi. Damarlanma haritası ise bezin değişik alanlarından geçen kesitlerde değerlendirildi.
Renkli akım 3 puan skalası ile gradelendi ve bulgular patoloji sonuçları ile karşılaştırıldı.
Bulgular: Histopatolojik inceleme sonucunda 28 olgu (%36) malign, geri kalan 50 olgu ise (%64) benign olarak değerlendirildi. Malign olguların ortalama prostat spesifik antijen dansitesi (PSAD) değeri 0.41 olarak kaydedildi, benign olgularda 0.23 olarak saptandı. Prostat kanseri
belirleme açısından en iyi sonuçları transrektal gri skala ultrason, renkli Doppler ultrason ve PSAD’nin birlikte kullanımı ile elde edildi. Bu
koşulda sensitivite, spesifite, pozitif ve negatif prediktif değerler sırası ile %64, %80, %64 ve %80 olarak kaydedildi.
Sonuç: Çalışmamızda RDUS’ninn TRUS’ye eklenmesi spesifiteyi artırsa da sensitiviteyi (%78 den %51’e) düşürmektedir. Sonuçlarımıza göre
RDUS’nin kanser tanısında belirgin bir avantaj sağladığını iddia edemesek de renkli akım gradelemesi biyopsiye aday yerleri daha iyi belirlemektedir. Renkli Doppler incelemesinin spesifitesinin kötü olması nedeni ile gri skala ve PSA bulguları ile birlikte değerlendirilmelidir. Nitekim
çalışmamızda da en iyi spesifite (%80) üç yöntemin birlikte kullanılması ile elde edildi.
Anahtar Sözcükler: Prostat karsinomu; prostat patolojileri; PSA; renkli Doppler ultrason; transrektal ultrason.

