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Abstract: This study aims to compare efficiency between 13-core and theoretical 10-core transrectal ultrasound 
guided needle biopsies scheme to detect prostate cancer. From January 2001 to January 2010, 409 patients who 
underwent 13-core biopsy were analyzed. We further defined a theoretical 10-core biopsy to be performed by reduc-
ing 3 midline punctures in prostate. Then we compared positive detection rates and percentages of positive cores 
(PPCORE) in patient groups with different T-PSA and prostate volume between 13-core biopsy scheme and 10-core 
biopsy scheme. The results indicated that hematuria incidence after 13-core biopsy was 53.3%. Thirteen- and 10-
core systematic biopsies had similar positive detection rates (45.2% and 44.3%, P = 0.439). There was statistical 
difference in positive detection rate among different T-PSA level groups (4-20 ng/ml, 20-100 ng/ml and > 100 ng/
ml) for same puncture scheme (P = 0.000). Thirteen- and 10-core biopsies were not different in positive detection 
rate in same T-PSA level group (P = 0.566). Similarly, there was significant difference in positive detection rate 
among different groups of prostate volume (< 40 ml, 40-60 ml and > 60 ml) (P = 0.000), whereas no difference 
could be observed between 13-and 10-core biopsies in positive rate within same groups of prostate volume (P = 
0.354). The average PPCORE was 0.282 ± 0.380 for 10-core biopsy and 0.286 ± 0.382 for 13-punctures biopsy, 
respectively (P > 0.05). In conclusion, ten- and 13-core biopsies were comparable in positive rate and PPCORE for 
detection of prostate cancer, with 10-core biopsy bears a much lower risk of hematuria complication.
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Introduction

The prostate cancer is the most frequently 
diagnosed malign tumor and the second most 
common cause of death among men in the 
East, supplanted only by lung cancer [1]. 
However, many men with prostate cancer do 
not display symptoms and undergo no therapy. 
The only test that can fully confirm the diagno-
sis of prostate cancer is a biopsy, the removal 
of fragments of prostate gland which are then 
subjected to histological evaluation.

The most common technique for prostate biop-
sy is transrectal ultrasound (TRUS)-guided nee-
dle prostate biopsy. During the procedure, a 
biopsy needle is passed through the ultrasound 

probe placed in the rectum and into parasagit-
tal midline of both prostatic lobes, in basal, 
mid-gland and apical portions (the sextant or 
6-puncture scheme), with the addition of punc-
tures directed to ultrasonographic suspicious 
areas. This technique was first described by 
Hodge et al. in 1989, who demonstrated that 
ultrasound-guided random systematic biopsy 
combined with additional directed biopsies of 
the rare hypoechoic areas not included in the 
pattern of systematic sampling was able to pro-
vide a highly accurate means to diagnose pros-
tate cancer [2]. It was then accepted at the time 
as the standard of care and helped to empha-
size TRUS as a more useful tool for biopsy than 
for imaging. However, after the establishment 
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of efficacy for this technique to diagnose pros-
tate cancer, the number of samples and the 
locations of biopsy are still a matter of debate 
in the urologic literature and no consensus can 
be achieved.

Further adding to this puzzle, a new challenge 
was posed since the 90’s when prostatic spe-
cific antigen (PSA) measurement was used to 
screen for early prostate cancer. The percent-
age of detected tumors and false negative 
results are inconsistent in literature owing to 
lack of stratification according to different PSA 
levels as well as the prostate volume. As a re- 
sult, patients presenting bulky prostate tumors, 
which are easily sampled, were compared to 
patients presenting minimal disease, which 
was difficult to detect. Similarly, conclusions 
were drawn after comparison of different biop-
sy schemes for detecting prostate cancer in a 
heterogeneous patient sample with PSA mea-
sures ranging from slightly elevated to highly 
elevated. Resulting in a high rate of false nega-
tive findings described in literature ranging 
from 1% to 35% [3, 4].

To avoid these potential limitations seen in pre-
vious studies, we retrospectively investigated 
the efficiency of 13-core TRUS-guided biopsies 
to detect prostate cancer from our 10-year clin-
ical experience. The study was also carried out 
with the aim of assessing and comparing the 
efficacy of different puncture schemes, as well 
as categorizing the optimal choice for patients 
stratified by different groups of T-PSA level and 
prostate volume. 

In these ten years, in order to ensure stability, 
coherence and comparability in punctures 
operation and pathological process, prostate 
puncture biopsy was carried out by a designat-
ed operator in ultrasound department, and 
pathological observation of diagnosis was car-
ried out by a designated pathologist.

Materials and methods

Patients

In Guangzhou First People’s Hospital, 409 
patients took 13 punctures TRUS-guided biop-
sy from January 2001 to January 2010 were 
included in this study. Study inclusion criteria 
were abnormal digital rectal examination and/
or T-PSA ≥ 4 ng/ml, and no previous biopsy. 
Their median age was 73 (41-90) years. The 
median T-PSA level for these 409 patients was 

19.0 ng/ml, and their prostate volume was 
54.5 ± 38.3 ml. 

Methods

PSA level measurement PSA level was detected 
using the testing kit developed by Roche 
Diagnostics (Mannheim, Germany) as per man-
ufacturer’s instructions.

Patient preparation 

Patients should have normal prothrombin level 
and discontinue anticoagulant therapy 7 days 
before the operation. All patients received rou-
tine cleaning enema before the operation and 
continuous intravenously infused or orally 
administered fluoroquinolones or cephalospo-
rin (bacteriostatics that combat the bacterial 
overgrowth in the rectum) combined with met-
ronidazole 0.2 g t.i.d. 3 days before and after 
the operation, respectively. Routine cleansing 
enema was also carried out 2 hours before the 
operation, which included drainage with 500 ml 
to 800 ml soapsuds (concentration 0.1% to 
0.2%) 2 hours before the biopsy, slow and low-
pressure drainage with 300 ml to 400 ml liquor 
hibitane (0.05‰) 1 hour before the biopsy, and 
a final requirement on the patients to release 
the stool 3 to 5 minutes after the drainage. 
Regular food was permitted before the biopsy. 

Puncture schemes 

ESAOTE AU4-Idea transrectal biplane probe 
with transducer frequencies ranging from 5.5 
to 7.5 MHz (average: 6.5 MHz, Italy), ALOKA 
α10 color ultrasonic diagnostic system UST-
9118 with TRUS head scanning probe (Japan), 
Logic7 e8c transrectal probe (GE, USA) and 
18G automatic puncture biopsy needle (Bard, 
USA) were used for the biopsy procedure. 
Patients were asked to lie down on their left 
side. After routine perineum and crissum disin-
fection and the towel sheet being spread, a 
20G puncture needle was inserted by 3 mm in 
depth under the guidance of the above-men-
tioned probes. Then 5 ml lidocaine (2%) was 
injected into the capsule cavity on both sides of 
prostate apex. Five minutes later, an 18G Tro-
cut needle was preceded under color ultrasonic 
guidance. The 13-core biopsy followed the pro-
cedure that in addition to the standard 6-punc-
tures biopsy, 3 separated punctures were 
placed in the midline and 2 punctures in the 
lateral line of each prostatic lobe (Figure 1). 
These 13 punctures (3 midline punctures, 6 
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parasagittal midline punctures, and 4 lateral 
punctures) were grouped into 3 horizontal por-
tions (base, mid-gland and apex, Figure 1) or 5 
longitudinal regions (Figure 2A-E). The speci-
mens were obtained from the rim tissues as 
near as possible to the prostatic capsule and 
sent for pathological examination.

10-core biopsy

In this study 10-core biopsy was used for 
detecting prostate cancer. The 10-core biopsy 
comprises one core from the base, one core 
from the mid gland, two cores from the apex 
and one core from the transition zone (TZ) on 
both sides of the gland. The examiners taking 
the repeat biopsies were unaware of the loca-
tion of the previous HGPIN on initial biopsies.

Statistical analysis

The “gold standard” for diagnosis was based 
on the pathological results. SPSS 17.0 software 
was used for the analysis. All data were inspect-
ed by chi-square analysis of 2 × 2 or R × C 
tables. Independent samples t-test was used to 
compare the percentages of positive core 
(PPCORE) of different puncture scheme. A P < 
0.05 was considered statistically significant. 

Results

Complications

Bleeding: This included hematuria and bloody 
stools. Altogether 218 (53.3%) of the 409 

patients who received 13-core biopsy were 
found with hematuria; and 61 (14.9%) patients 
were found with bloody stools.

Infection: Six (1.5%) of the 409 patients who 
received 13-core biopsy were found with infec-
tious complication within 3 days after the oper-
ation. One of these 6 patients was found with 
shivering (0.2% in all) and 5 were found with 
sepsis (1.2% in all). Among these 5 patients, 1 
manifested pyemia and septic shock. Hemocu- 
lture identified the pathogenic bacteria to be 
Escherichia coli. The patient had negative urine 
culture result and recovered after anti-infection 
treatment. None of these 409 patients was 
found with complication of prostate abscess. 

Pain: The severity of the pain during the pros-
tate puncture biopsy was rated on a scale of 0 
(no pain) to 10 (unbearable pain) and reported 
by the patients. Four degrees of intensity were 
established according to the visual analog 
scale (VAS) scores achieved: 0 stands for no 
pain, 1-3 for mild pain, 4-5 for moderate pain 
and 6-10 for severe pain. In the 409 patients 
who received 13-core biopsy, 308 (75.3%) were 
found with no pain, 97 (23.7%) were with mild 
pain, and only 4 (1.0%) were with moderate 
pain. No patient reported severe pain. 

Vasovagal reactions: The vasovagal reactions 
included perspiration, dizziness and elevated 
blood pressure, etc. In serious cases, a drop of 
blood pressure accompanied by nervous sys-
tem reactions could be witnessed. In the 409 
patients who received 13-core biopsy, 11 
(2.7%) were found with vasovagal reactions. 
The vasovagal reactions in these 11 patients 
were all mild in severity and patients simultane-
ously recovered soon after the suspension of 
the operation. 

Comparison of positive rates between 13-and 
10-core biopsies

In the 409 patients who received 13-core biop-
sy, 185 (45.2%) were found to be positive for 
prostate cancer. If the standard 10-core biopsy 
was applied, there would be 181 (44.3%) 
patients to be positive, and 4 (0.9%) patients 
would have a missed diagnosis. Thus the posi-
tive rate of 13-core biopsy was only 0.9% high-
er than that of 10-core biopsy, and no statisti-
cal difference in positive rate could be observed 
between these two groups (P = 0.439). 

Figure 1. Demographics showing the longitudinal 
distribution of the 13 punctures for biopsy (num-
bers indicate the locations of the punctures). The 13 
punctures (3 midline, 6 parasagittal, and 4 lateral) 
were grouped into 3 horizontal portions (base, mid-
gland and apex).
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Comparison of positive rate among different 
T-PSA level groups

There was significant statistical difference in 
positive rate among the different T-PSA groups 
(4-20, 20-100 and > 100 ng/ml, P = 0.000). No 
statistical difference was observed between 
13-and 10-core biopsies for patients in the 
same T-PSA level group (P = 0.566) (Table 1).

Comparison of positive rate among groups 
with different prostate volume

There was significant statistical difference in 
positive rate among groups with different pros-
tate volume (< 40, 40-60 and > 60 ml, P = 
0.000). Thirteen- and 10-core biopsies were 
comparable in positive detection rate among 
groups with the same prostate volume (P = 
0.354) (Table 2).

Comparison of PPCORE between 10- and 13-
core biopsies

The mean PPCOREs for 10- and 13-core biop-
sies were 0.380 ± 0.282 and 0.382 ± 0.286, 
respectively, and there was no statistical differ-
ence between these two groups (P = 0.865). 

Discussion

Although puncture biopsy and pathological 
examination hold the key for correct diagnosis 

positive rate of 13-core biopsy was 45.2% from 
January 2001 to January 2010 in our hospital, 
which is consistent with previous studies dem-
onstrating that extended biopsy schemes result 
in an increased detection rate for prostate car-
cinoma. Notably, it was shown that biopsy loca-
tions outside of the standard 6-punctures loca-
tion are more likely to be positive [9, 10].

It is reported that the complication rates of 
transrectal type-B ultrasound prostate punc-
tures biopsy are as follows: 4.1%-36.3% for 
hematuria, 5%-45% for hemospermia, 0.9%-
37% for rectal bleeding, 1.7%-7.3% for pyemia, 
25% for obvious pain, and 2.7% for vasovagal 
reaction [11-14]. In our study, the incidence of 
hematuria, bloody stools and infection after 
13-core biopsy occurred in 53.3%, 14.9% and 
1.5%, respectively, of the patients, with that of 
hematuria being higher than previously report-
ed. We propose the mechanism to be that, dur-
ing 13-core biopsy, the 3 punctures along the 
prostate midline (region C) locate in close prox-
imity beneath the urethra, so punctures along 
prostate midline in this region are more likely to 
hurt the urethra and serve as the main cause of 
hematuria incidence after the operation. 

In this study, there was marked difference in 
positive detection rate in different T-PSA levels 
(P = 0.000) and the detection rate of prosta- 

Figure 2. Cross-section and inferior-posterior view of the prostate after 13-punc-
tures biopsy under TRUS-guidance. The 13 punctures were grouped into 5 lon-
gitudinal regions (A-E).

of prostate cancer, there is 
no consensus regarding 
the choice of optimal punc-
ture scheme. It is reported 
that adding the number of 
punctures can increase the 
detection rate effectively 
as compared with the stan-
dard 6-punctures biopsy 
[5]. Previous analysis on 
patients who received pros-
tate puncture biopsy dem-
onstrated that the detec-
tion rate of 13-core biopsy 
was 21% higher than that 
of 6 -punctures biopsy [6]. 

The overall positive rate of 
prostate puncture biopsy in 
previous investigations has 
been reported to be around 
40% [7, 8]. Our present 
data showed that the total 
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te cancer increased with rising T-PSA levels. 
However, a comparison between 13-and 10- 
core biopsies yielded no statistical difference 
in detection rate within the same T-PSA level, 
indicating that the addition of 3 punctures 
along the prostate midline was ineffective in 
improving the detection rate of prostate 
cancer.

No consensus has yet been reached as to 
whether it is necessary to add more punctures 
for patients with larger prostate volume. It is 
recommended that individualized puncture 
scheme can be applied to patients according to 
their prostate volume [15]. Specifically, it was 
believed to be advisable to use 8-punctures 
biopsy for patients with prostate volume less 
than 40 ml, 10-core biopsy for those with a vol-
ume from 40 ml to 60 ml, and 12-punctures 
biopsy for those with a volume more than 60 ml 
[15]. However, other literature does not support 
increasing the number of biopsy punctures for 
patients with larger prostate [16]. As was 
shown in Table 2, positive detection rate dif-
fered significantly among groups with different 
prostate volumes P = 0.000) and was decre- 
ased with increasing prostate volume. It should 
therefore be considered to increase the num-
ber of punctures for patients with larger pros-
tate volume, especially for those with prostate 
volume more than 100 ml. For patients with 
similar prostate volume, 13-and 10-core biop-
sies were comparable in the detection rate of 
prostate cancer (P = 0.354). Therefore, increas-
ing the number of punctures from 10 to 13 
should not be advised, especially when consid-
ering the increased hematuria complication in 
the 13-core scheme. 

No matter in groups with different T-PSA level 
or with different prostate volume, 10-core biop-

sy was equally efficient to 13 -punctures biopsy 
in the detection rate of prostate cancer. If the 
409 patients in our study took 10- instead of 
13-core biopsy, only 4 of them would have 
experienced a missed diagnosis, which only 
accounted for 0.9%. That is to say, 13-core 
biopsy was only 0.9% more efficient than 
10-core biopsy in positive detection rate. 
However, this puncture scheme carries an 
increased hematuria risk given the close prox-
imity in location of the additional 3 punctures 
to the urethra and therefore should be avoided 
in clinical practice.

In conclusion, detection rate of prostate cancer 
enhances with increasing PSA level, whereas it 
decreases with accruing prostate volume. An 
individualized puncture scheme of TRUS-guided 
biopsy should be advised for patients with pros-
tate cancer, taking into consideration the PSA 
level, the volume of the prostate, and the clini-
cal stage of the disease, as well as the efficacy 
and safety profiles of the specific puncture 
scheme to be applied.

We show in the present study that 10- and 
13-core biopsies have similar yield in both posi-
tive detection rate and PPCORE, but 10-core 
biopsy bears a much lower risk of hematuria 
complication as compared with 13-core biopsy. 
Our clinical data show 13-punctures transrec-
tal ultrasound-guided needle biopsies scheme 
should not be advised to detect Prostate 
Cancer.
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