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Overview

• Deaths due to prostate cancer in the United States approach 
30,000/year, representing a 25% decrease in the mortality rate 
compared with a decade ago ( Jemal et al, 2005 ).

• Early prostate cancer detection programs have likely played a role.

• Early detection has benefited greatly from 
– (PSA) screening efforts, 
– the introduction and refinement of systematic transrectal ultrasound 

(TRUS)-guided prostate biopsy techniques,
– increased public awareness about prostate cancer.

History

• 1930, Ferguson  performed the first prostate needle  biopsy & 
described a transperineal approach with an 18-gauge  needle.

• 1937, Astraldi  performed the first transrectal bio psy.

• 1963,Takahashi and Ouchi  were the first to describ e the use of 
TRUS to evaluate the prostate.

• 1967 , The first clinically applicable images of th e prostate obtained 
with TRUS were described by Watanabe et al. 
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History

• In the mid 1980s, transperineal biopsy

• Several years later, a spring-loaded core biopsy de vice was 
developed that operated via a TRUS probe. 

• 1989, expanded to routine clinical use with improve ments in 
ultrasound technology and systematic sextant biopsy  
protocol by Hodge and associates.

• 2000, estimates as high as 800,000 biopsies annuall y in the 
United States alone ( Halpern and Strup, 2000 ). 

Digital rectal examination (DRE)

The primary method of examination of the 
prostate. 

In 1971, Gilbertson , documented a survival 
advantage to DRE screening. 
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Shortcomings of (DRE)

Subjective examination

DRE has limitations, understaging and overstaging are 
often found.

sensitivity 53%, 

specificity 83%, 

positive predictive value 17.8%.
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Using a transrectal probe with a pressure sensor array 
and position tracking sensor

PMI is based on measurement of stress pattern on rectal 
wall when the probe is pressed against the prostate.

>>>> providing information on the elastic structure and 
allow 2-D & 3-D reconstruction

Allows the calculation of size, shape, nodularity, 
consistency/hardness, and mobility.
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PMI has a potential to be positioned as 
an objective substitute for DRE in 

>> screening 

>> expectant management, 

>> assessment of local recurrence after 
treatment with curative intent.
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Anatomy

Indications

Contraindications

Complications

Modifications

Approaches

Transabdominal

Transrectal

Combination

Increase number of cores and location

Power Doppler Imaging     PDI

Color Doppler Imaging       CDI

3D-Doppler                         3DD

Ultrasound Guided Prostate Biopsy

ANATOMY OF THE PROSTATE

• The prostate gland is 
traditionally described based on a 
pathologic zonal architecture.

• These divisions consist of 
– the anterior fibromuscular 

stroma (AFS) that is devoid of glandular 
tissue,

– transition zone (TZ), 

– central zone (CZ),

– periurethral zone, 

– peripheral zone (PZ). 

• Unfortunately, these regions are 
not visible sonographically as 
distinct entities.
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• Normal prostate ultrasound images (top)with diagrams (bottom)at approximately the 
level of the verumontanum demonstrating zonal anatomy. A, Transverse view. B,
Sagittal view. AFS, anterior fibromuscular stroma; CZ, central zone; DV, dorsal vein 
complex; EJD, ejaculatory ducts; NVB, neurovascular bundle; L, levator muscles; PZ, 
peripheral zone; TZ, transition zone; U, urethra.

Classic gray-scale TRUS imaging of the 
prostate. A, In the transverseplane with the 
hypoechoic urethra centrally located (star)
and dotted linerepresenting transverse 
measurement. B, Midline sagittalview with 
the hypoechoic urethra running the length 
of the gland, D1 represents longitudinal and 
D2 anteroposterior measurement. C,
Seminal vesicles(large arrow)and vasa 
deferentia (small arrow)in the transverse 
plane.
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>>Hypoechoic lesions within the PZ should by noted 
and included in the biopsy material.

>>39% of all cancers are isoechoic 

>>1% of tumors may be hyperechoic on conventional 
gray-scale TRUS ( Shinohara et al, 1989 ). 

Despite the higher prevalence of cancers discovered in prostates with hypoechoic 
areas, the hypoechoic lesion itself was not associated with increased cancer 
prevalence compared with biopsy cores from isoechoic areas in a contemporary 
series of almost 4000 patients ( Onur et al, 2004 ).

Prostate Cancer Imaging on TRUS

Axial transrectal ultrasonographic (TRUS) scan show s 
extensive hypoechoic area (arrows) in the right per ipheral 
zone. Biopsy revealed prostatic adenocarcinoma.
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Axial transrectal ultrasonographic (TRUS) scan show s a 
hypoechoic area in left peripheral zone and a small 
hypoechoic area in right peripheral zone (arrows). B iopsy 
revealed an adenocarcinoma (Gleason grade 6).

Axial transrectal sonogram in a patient with normal  results during 
digital rectal examination and a prostate-specific antigen (PSA) 
level of 9 ng/mL. Image shows extensive bilateral b ut 
predominantly left-sided hypoechoic areas in the pe ripheral zone 
(arrows). Biopsy confirmed a Gleason grade 8 prosta te cancer. 
Minor capsular irregularity is present on the left;  this is consistent 
with a T3 tumor.
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Sonogram shows an extensive, hypoechoic T3 tumor 
(arrowheads). Capsular irregularity is present, par ticularly on 
the right and posteriorly, with a suggestion of inf iltration into 
the rectal wall (arrow).

Axial transrectal ultrasonographic (TRUS) scan in a  patient with 
clinical benign prostatic hyperplasia (BPH) and a s erum 
prostate-specific antigen (PSA) level of 11 ng/mL. Enlargement 
of the transition zone is present, but no focal abn ormality is 
observed in the peripheral zone. Systematic 6-core biopsy 
revealed adenocarcinoma from both lobes of the pros tate (ie, 
this is an isoechoic tumor in the peripheral zone o f both 
prostatic lobes).
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Shortcomings of Prostate Cancer 
Imaging on TRUS

>> Hypoechoic lesions in Other disease processes 
granulomatous prostatitis ( Terris et al, 1997b )
prostatic infarct ( Purohit et al, 2003 ),
lymphoma ( Varghese and Grossfeld, 2000 ) 

>> TZ BPH nodules are typically hypoechoic but may contain 
isoechoic or even hyperechoic foci. 

>> A hypoechoic lesion is malignant in 17% to 57% of cases ( 
Frauscher et al, 2002a ), 

Indications for prostate Biopsy
•Diagnosis of suspected symptomatic prostate cancer (i.e., bone metastasis, 
cord compression) 

•Screening for prostate cancer in asymptomatic patie nt > age 50 with > a 10-
year life expectancy if strong family history or if   : African American, 
consider screening at age 45) 

•Prostate nodule or significant prostate asymmetry r egardless of PSA level 

•PSA > 4.0 ng/dL regardless of age 

•In men < age 60-65 years, consider biopsy if PSA > 2.5 ng/dL 

•If PSA > 0.6 ng/dL at age 40 
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Indications for prostate Biopsy

•Increased PSA velocity (>0.75-1.0 ng/dL/yr) 

•Free PSA in considering initial biopsy with PSA < 1 0 ng/mL: (>25% no 
biopsy; >10% and <15%, consider biopsy; <10%, biops y )

•Prior to intervention in symptomatic benign prostat ic hyperplasia (e.g., 
surgical therapy or initiation of 5 � -reductase inhibitors) 

•Prior to cystoprostatectomy or orthotopic urinary d iversion 

•To diagnose failed radiation therapy before use of second-line therapy 

•Follow-up biopsy (3-6 mo) after diagnosis of high-g rade PIN

Contraindictions for Prostate Biopsy

>> Significant coagulopathy

>> Painful anorectal conditions

>> Severe immunosuppression

>> Acute prostatitis
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Complications of Prostate Biopsy

•Post-Biopsy Infections
symptomatic urinary tract infection 
low-grade febrile illness
rare case reports of fatal septicemia after prostate biopsy have been published 
( Breslin et al, 1978 ; Brewster et al, 1993 ; Bates et al, 1999 ; DaSilva et al, 
1999 ).
Historical series prior to the routine use of antibiotic prophylaxis found 
bacteriuria in 32% to 36% of patients and bacteremia/febrile illness in 48% to 
69% of patients undergoing TRUS biopsy ( Brown et al, 1981 ; Crawford et al, 
1982 ). 
Recent studies show that 2% of patients will go on to develop a febrile 
urinary tract infection, bacteremia, or acute prost atitis and require 
hospitalization for intravenous antibiotics ( Kapoor et al, 1998 ; Lindert et 
al, 2000 ). 
Additional infections such as epididymitis have been reported infrequently ( 
Donzella et al, 2004 ).

Complications of Prostate Biopsy

Bleeding is the most common complication seen after prostate biopsy.

As noted, any potential medications that can alter coagulation parameters, including herbal remedies, should be held for 5 to 7 days before biopsy and those 

on warfarin managed as noted.

hematuria in 23% to 63% of men after sextant biopsy,

clot retention developing in 0.7% ( Djavan et al, 2001b ; Raaijmakers et al, 2002 ).

Rectal bleeding is common and seen in 2.1% to 21.7% of patients ( Enlund and 
Varenhorst, 1997 ; Djavan et al, 2001b ). 
Rectal bleeding is typically minor and readily cont rolled with direct pressure by the ultrasound probe  or digitally;

persistent brisk hematochezia may require anoscopic intervention for control.

Hematospermia , commonly seen post biopsy, is of minimal clinical  importance but 
can be cause for significant concern on the part of  the patient if not discussed at 
the time of biopsy; 9.8% to 50.4% of men experience  some blood in their ejaculate ( 
Djavan et al, 2001b ; Raaijmakers et al, 2002 ), which may persist for 4 to 6 weeks after 
prostate biopsy.
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Complications of Prostate Biopsy

Other Complications

Excessive anxiety and discomfort from the endorectal probe may produce a 
moderate or severe vasovagal response in 1.4% to 5.3% of patients ( Rodriguez and 
Terris, 1998 ; Djavan et al, 2001b ) and may require termination of the procedure. Placing the 
patient in the Trendelenburg position and use of intravenous hydration usually resolve these symptoms, with further intervention as clinically indicated.

Acute urinary retention requiring temporary catheterization develops in 0.2% 
to 0.4% of patients after TRUS biopsy ( Enlund and Varenhorst, 1997 ; Raaijmakers et al, 
2002 ). 

Men with significantly enlarged glands and those with significant lower urinary tract symptoms (e.g., high International 
Prostate Symptoms Score), are more prone to develop retention ( Rodriguez and Terris, 1998 ; Raaijmakers et al, 2002

Modifications
Approaches

Transabdominal

Transrectal

Combination

Increase number of cores and location

Power Doppler Imaging     PDI

Color Doppler Imaging       CDI

3D-Doppler                         3DD

Ultrasound Guided Prostate Biopsy
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• Transrectal

Approach

• Transperineal

A Prospective Randomized 
Comparison of Diagnostic Efficacy 

Between Transperineal and 
Transrectal 12-Core Prostate Biopsy
������������	�
��������
�����������������

���������������������
���

Prostate Cancer Prostatic Dis. 2008;11(2):134-
138. ©2008 Nature Publishing Group
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Aim:

to elucidate the diagnostic efficacy between 
transperineal and transrectal 12-core prostate 
biopsy for prostate cancer. 

Methods:

prospectively randomized 200 consecutive men into 
two groups to undergo systematic prostate biopsy.

Scheme of (a) transperineal 
and (b) transrectal 12-core 
biopsy. Transverse, sagittal 
and coronal projections of the 
biopsy needles are shown. 
Squares, peripheral zone; 
circles, transition zone; 
triangles, apex.
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no significant differences in cancer detection rate
(47 vs 53%) or complication rate (18 vs 18%). 

However, in gray-zone PSA cases, more TZ cores 
were positive with the TP approach than with TR.

Urologists should have free choice of either 
approach, especially when PSA is higher.

Extensive biopsy using a combined 
transperineal and transrectal approach to 

improve prostate cancer detection.
���������� � !""#��$!%$$&'(#()*+ (ISSN: 0919-8172)

Watanabe M; Hayashi T; Tsushima T; Irie S; Kaneshige T; Kumon H
Department of Urology, Okayama Central Hospital, Is himakitamachi, Okayama, 
Japan. masami5@cf6.so-net.ne.jp

An extensive biopsy protocol of 12-core sampling us ing both transperineal and 
transrectal approaches to determine the impact on t he cancer detection rate.

Combined Approach



11/12/2008

23

CONCLUSIONS: 

The extensive 12-core method improved 
the overall cancer detection rate (48.5%)
and was especially efficient for men with 
PSA levels of 4-10 ng/mL accompanied 
by a negative DRE

Extensive biopsy using a combined 
transperineal and transrectal approach to 

improve prostate cancer detection.

Ultrasound Guided Prostate Biopsy

Modifications

Increase number of cores and location
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Increasing Prostate Cancer Detection Rates with 

Extended Core Biopsy Protocols
Study No. of Cores Cancer Detection 

Rate

Eskew et al, 19976 26.1%

13 40.3%
Naughton et al, 2000 6 26%

12 27%
Presti et al, 2000 6 33.5%

8 39.7%

10 40.2%

Babaian et al, 2000 6 20%

11 30%

Various reported systematic biopsy schemes. A, Sext ant biopsy scheme originally 
proposed by Hodge and associates ( Terris et al, 19 89 ); B, The 10-core biopsy of 

Presti and coworkers (2000) ; C, The 12-core, or do uble sextant, biopsy. D, The 13-
core “5 region biopsy” of Eskew and colleagues (199 7) .

Base is at the top of figure, apex is at bottom.
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Ultrasound Guided Prostate Biopsy

Modifications

Power Doppler Imaging     PDI
Color Doppler Imaging      CDI
3D-Doppler                        3DD

Modifications

Color Doppler imagingdepicts the velocity of blood flowin a 
directionally dependentmanner .Color assignment is based on the direction of blood flow 
related to the orientation of the transducer receiving the signal; flow toward the transducer is depicted in shades of red 
and flow away in shades of blue; the color is not specific for arterial or venous flow.

Power Doppler TRUSimaging(also known as enhanced color 
Doppler, color amplitude imaging [CAI], or color angiography) 
utilizes amplitude shift to detect flowin a velocity and 
directionally independentmanner ( Bude and Rubin, 1996 )
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Color Doppler 
(A) TRUS and 
power Doppler 

(B) TRUS 
identify a 

Gleason 4 +4 =8
adenocarcinoma 
in the left mid 

gland.

Power Doppler imaging is more suitable for detection of prostate cancer 
neovascularity.

Neither modality has yet proved itself superior to the other for cancer 
detection. 

Color Doppler sensitivity 14.6%  and specificity of 93.9%, Halpern and 
Strup (2000) 

Still 45% of cancers  went unidentified by any sonographic modality. 
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Doppler-targeted biopsy strategies ( Kelly et al, 1993 ; Rifkin et al, 1993 ; Newman et al, 1995 ; 

Sakarya et al, 1998 ; Cornud et al, 2000 ; Okihara et al, 2000 ; Shigeno et al, 2000 ),none is sufficiently 
accurate to replace systematic biopsy( Halpern et al, 2002b ).

Enhancements in the technical aspects of color Doppler 
TRUS, including the use of contrast agents (microbubble) 
may provide the necessary improvements to specifically 
identify cancer sites in the future.

Axial transrectal ultrasonographic (TRUS) power Dop pler scan . The 
patient had normal results with digital rectal exam ination and a 
prostate-specific antigen (PSA) level of 9 ng/mL. A  generalized 
increase in vascularity was noted in the posterior aspect of the 
prostate (arrows). However, this finding is not spe cific to the 
hypoechoic area in the left peripheral zone, illust rating the difficulty 
of using Doppler techniques in the assessment of pr ostate cancer.
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Unenhanced color (A) TRUS and power Doppler (B) TRUS fail to detect evidence of 
an underlying malignancy. After infusion of a microbubble contrast agent, color (C) 

TRUS and power Doppler (D) TRUS demonstrate an area of increased flow in the left 
mid gland that proved to be a Gleason 3+4=7 adenocarcinoma on targeted biopsy 

3D-Doppler        3DD

Initial work using gray scale ultrasound appears pr omising 
with reported overall staging accuracies of up to 9 4%

A greater sensitivity for cancer detection has been  achieved 
with the addition of power colour Doppler and contr ast agents

** Prostate biopsies guided by three-dimensional re al-time (4-
D) transrectal ultrasonography on a phantom: compar ative study 
versus two-dimensional transrectal ultrasound-guide d biopsies.

>> significant increase in accuracy in hitting the target zone 
>> no increase in the sampled volume
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MRI Endorectal magnetic resonance 

imaging (MRI) and MR spectroscopy as 
combined modalities might be able to guide 
and therefore limit the number of iterative 
biopsies and cores for patients ( Amsellem-
Ouazana et al, 2005 ).

The three major prostate zones (inner, 
outer, and anterior fibromuscular) are 
visible by T2 MRI imaging.
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Endorectal magnetic resonance imaging in a patient with extensive 
prostate carcinoma. Image shows a bulge in the caps ular outline on the 
right side (arrow). This is a stage T3 tumor.

Endorectal axial T2-weighted magnetic resonance ima ging in a patient with a 
prostate-specific antigen level of 8 ng/mL and righ t-sided prostate cancer. 
Low signal intensity is demonstrated in the right p eripheral zone (arrow).
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MRI-guided biopsy of the prostate 
increases diagnostic performance in men 

with elevated or increasing PSA levels 
after previous negative TRUS biopsies.

Anastasiadis AG; Lichy MP; Nagele U; Kuczyk MA; Mersebu rger AS; 
Hennenlotter J; Corvin S; Sievert KD; Claussen CD; Sten zl A; Schlemmer HP
Department of Urology, Comprehensive Cancer Center (CCC) Tübingen, Eberhard-
Karls-Universität Tübingen, Germany

,������� � !""*��#"%-&'.+/)-/��0�
��

����.-/)(

MRI-guided biopsy.

RESULTS: 
Prostate cancer was detected in 55.5% (15 of 27) of the men. 

CONCLUSION: 
MRI-guided transrectal biopsy of the prostate is sa fe, can be 
useful to select suspicious areas in the prostate, and has the 
potential to improve cancer detection rate in men w ith previous 
negative TRUS-biopsies.
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MR-guided transgluteal biopsies with an 
open low-field system in patients with 
clinically suspected prostate cancer: 
technique and preliminary results.

,���	�0��� � !""#��$#%$&'$.-)/! (ISSN: 0938-7994)

Zangos S; Eichler K; Engelmann K; Ahmed M; Dettmer S; He rzog C; Pegios W; 
Wetter A; Lehnert T; Mack MG; Vogl TJ
Department of Diagnostic and Interventional Radiolo gy, University Hospital 
Frankfurt, Johann Wolfgang Goethe-University, Theod or-Stern-Kai 7, 60590 
Frankfurt/Main, Germany.

MR-guided transgluteal

Objective: to examine the feasibility and safety of  MR-guided 
biopsies with a transgluteal approach in patients w ith uncertain 
or suspicious prostate lesions.

Conclusion: Transgluteal MR-guided biopsy of the pr ostate gland 
is a safe and promising approach for histological c larification of 
uncertain or suspicious lesions.
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[MRI-spectroscopy-guided 
prostate biopsy]

�����,
1����� � !"".��*"%!&'$"#)/ (ISSN: 0004-0614)

Iglesias Prieto JI; Orozco Fariñas R; Massarra Halabi J; Mancebo Gómez JM; 
Pérez-Castro Ellendt E
Unidad de Urología, Clinica La Luz, 

MRI-spectroscopy-guided prostate biopsy

MRI spectroscopy seems to open a diagnostic window evaluating 
prostatic metabolic changes. 

The performance of perineal prostatic biopsy with stabilizer and 
template enables selective biopsy of the suspect vo xels following 
the spectroscopic study, simulating the Rubick's cu be
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Modifications 

Diffusion MRI

MRI and MRI angiography were fused by mutual 
information and registered with computed tomography  (CT) scan 
data.

>>> Improved understanding of functional anatomy and 
imaging of the prostate and critical adjacent struc tures 

Other Modifications 

Magnetic resonance spectroscopic imaging (MRSI)

Dynamic contrast-enhanced MRI, 

Positron emission tomography (PET)

Endorectal power Doppler

Lymphotropic MRI contrast agents

Proctascintography
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Thank You
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