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Abstract. The objective of the present study was to explore 
the clinical value and safety of trans-rectal ultrasound 
(TRUS)-guided transperineal prostate 12+X core biopsy 
in the diagnosis of prostate cancer. Patients who received a 
TRUS-guided transperineal prostate biopsy for suspected 
prostate cancer at the General Hospital of The People's 
Liberation Army between September 2009 and May 2014 
were retrospectively analyzed, this consisted of 1,300 patients. 
These patients were randomly divided into the 12+X core 
group or the standard 12-core group. The mean age of all the 
patients was 70.5 years old. Levels of prostate‑specific antigen, 
digital rectal examination, transrectal ultrasound and magnetic 
resonance imaging (MRI) were checked and used as refer-
ence prior and subsequent to the biopsy procedure. The 12+X 
core group consisted of 937 patients and the 12-core group 
consisted of 363 patients. The mean number of core samples 
taken from both groups was 14.5 (ranging from 12 to 24) and 
the mean operative time of the whole group was 20.4 min 
(ranging from 15 to 40 min). The puncture positive detection 
rate of abnormal rectal examination, trans-rectal ultrasound, 
and MRI was 24.0, 30.1, and 59.2%, respectively, whereas 
the puncture positive rate was 47.2% in 12+X core group and 
34.5% in 12-core group. Improved prostate needle biopsy with 
12+X cores was found to have significantly higher detection 
rate than that with 12 cores as well as fewer post-operative 
complications, therefore making the method ideal for diag-
nosing prostate cancer.

Introduction

With an increase in life expectancy and changes in dietary 
structure, the incidence rate of prostate cancer has shown an 
upward trend been in China, at 4.3 per 100,000 according to a 

study published in 2008 (1). Although prostate specific antigen 
(PSA) tests, digital rectal examination (DRE), transrectal 
ultrasound (TRUS) and magnetic resonance imaging (MRI) 
have been widely adopted in the diagnosis of numerous pros-
tate diseases, biopsy is the only current diagnostic technique 
for prostate cancer (2). Prostate biopsy may be performed 
transrectally, the most common approach (3), or through the 
urethra or perineum. In addition, the level of PSA in blood is 
often used to identify prostate cancer, but it is not a definitive 
indicator as PSA level can also be affected by other factors 
such as inflammation and infection. At present, prostate biopsy 
is required for the specific diagnosis of prostate cancer.

However, the number of core samples that should be 
taken during prostate biopsy is still debated. It is generally 
accepted that increasing the number of samples taken could 
improve the detection rate of prostate cancer (4-7), but the 
risk of side-effects increase too. In a retrospective study of 
3,000 patients, the number of clinical complications increased 
significantly with the increase of number of samples taken 
during transperineal prostate biopsy (6). However, if fewer 
samples are taken this could lead to the cancerous lesions 
being missed, under-sampling and an increased false negative 
rate (4,5). As a result, some patients would have to undergo 
prostate biopsy again.

Previously, imaging techniques-based biopsy has provided 
a targeted and advanced modality for prostate cancer detec-
tion (3). Even though an increasing the number of random 
samples taken may have only marginal diagnostic value, 
increasing the number of targeted core samples (transperineal 
template-guided biopsies) taken, which are only taken from 
lesions identified and suspected via preoperative imaging tests 
to be cancerous, may be a better approach for transperineal 
prostate biopsy. The present study aimed to investigate whether 
this 12+X modality, as described in the Methods, for prostate 
biopsy could be an improvement compared with the traditional 
12-core modality by comparing the detection rate and number 
of postoperative complications of the two methods.

Materials and methods

Clinical samples. The data of patients who received 
TRUS-guided prostate biopsy for suspected prostate cancer 
in the General Hospital of The People's Liberation Army 
(Beijing, China) between September 2009 and May 2014 was 
retrospectively analyzed. The present stidu was approved by 
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the ethics committee of the General Hospital of The People's 
Liberation Army. In total, 1,300 patients were taken up in the 
study, with a mean age of 70.5 (34-98) years. Among these 
patients, 785 patients were suspected to have prostate cancer 
subsequent to the detection of an elevated level of PSA. In 
total, 392 patients were suspected to have prostate cancer 
due to abnormalities in the prostate detected via ultrasound 
or MRI; 912 of the cases were accompanied with obstructive 
symptoms of the lower urinary tract such as frequent urination, 
urgent urination, nocturia and dysuria. PSA levels were moni-
tored twice and a DRE, transrectal ultrasound and enhanced 
dynamic MRI were performed on each patient. The inclusion 
criteria consisted of patients with: Total (T)-PSA >10 ng/ml, 
regardless of free/total (f/t) PSA or PSA density (PSAD); 
T-PSA between 4 and 10 ng/ml, with a concomitant abnormal 
f/t PSA or PSAD measurement; a palpable and hard nodule 
through DRE; and hypoechoic regions of the prostate identi-
fied through TRUS or transabdominal ultrasound (TAUS). 
The exclusionary criteria were: A history of prostate cancer; 
undergoing anti-androgen therapies; and other variables 
including patients with a local skin infection, blood coagula-
tion dysfunction, diabetes mellitus and/or not well-controlled 
blood glucose, or cachexia.

Among the included patients, 1,043 were receiving their 
first biopsy. Patients were randomly assigned to the 12‑core 
group or the 12+X core group (Table I). For the patients of 
the 12+X core group, additional core samples were taken from 
suspected cancerous lesions identified through pre-biopsy 
MRI and ultrasound examinations. The Gleason scores of 
the diagnosed patients were tested (8). All patients provided 
informed consent prior to the beginning of the study.

Surgery. The coagulation function of patients including 
prothrombin time, activated partial thromboplastin time, 
thrombin time and fibrinogen was tested by peripheral blood. 
Routine blood and urine tests were also performed prior to 
the biopsy. Cifran (0.5 g, 4 times a day) and metronidazole 
(0.5 g, twice a day) were administered orally 1 day prior to 
biopsy to prevent infection. On the day of biopsy, glycerin was 
administered rectally to facilitate defecation. Signa Excite HD 
3.0T MRI machine (GE Healthcare Bio-Sciences, Pittsburgh, 
PA, USA) and a B-K 2102 Ultrasound (BK Medical ApS, 
Herlev, Denmark) were used prior to the operation to obtain 
images with suspected lesions marked (Figs. 1-2). The local 
anesthetic lidocaine (1%) was administered to 973 patients via 
injection through the perineal subcutaneous tissue and outside 
the prostatic capsule. Caudal block anesthesia was adminis-
tered to 75 patients via lidocaine (1%) injection. The remaining 
252 patients received epidural anesthesia, a mixture of 0.375% 
ropivacaine + 1% lidocaine 0.6 ml/kg.

The patients were then placed in the lithotomy position. 
Following a routine perineal disinfection procedure, a rectal 
ultrasound probe (Dual-plane; Computerised Medical System 
Company, Inc., St. Louis, MO, USA) was placed in the rectum 
of the patients to observe the shape of their prostates. Subse-
quent to the fixation of the probe and the perineal template 
(Centers for Medicare and Medicaid Services, Baltimore, MD 
USA), the ultrasound-guided and perineal template-mapped 
prostate biopsy was conducted on the patients. For the patients 
of the 12-core group, the locations of 12-core samples taken 

are showed in Fig. 3. For the patients of the 12+X core group, 
additional core samples were taken from suspected cancerous 
lesions identified through pre-biopsy MRI and ultrasound 
examinations (Fig. 3).

Oral administration of the aforementioned dose and 
concentration of cifran and metronidazole was continued 
3 days post-operatively. A high water intake was recommended 
for patients presenting with secondary hematuria. If the 
symptoms did not resolve themselves, patients were catheter-
ized until full remission. Patients that presented with urinary 
retention were catheterized for 1 week and orally administered 
with tamsulosin hydrochloride in the form of sustained release 
capsules (0.2 mg, 4 times a day). All patients were followed 
up 1 month subsequent to the operation to record their patho-
logical results and any complications.

Statistical analysis. Statistical analysis was conducted to 
compare the differences in PSA, f/t PSA and PSAD between 
the 2 groups and the positive rate of different auxiliary exami-
nation methods. SPSS 13.0 (SPSS, Inc., Chicago, IL, USA) was 
used to perform the data analysis. A χ2 test was conducted to 
compare the positive detection rates of 2 groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Biopsies were successfully performed on all patients. The 
mean number of samples taken from patients in the 12+X 
core group was 15.5, ranging from 13 to 24 core samples per 
patient. The operation time ranged between 15 and 30 min, 
with a mean of 20.4 min. Based on the biopsy test results, the 
presence of prostate cancer was confirmed for 540 patients 
(41.5%). Among this group, 527 patients were found to exhibit 
adenocarcinoma and 13 patients were affected by other types of 
cancer. In addition, it was confirmed that 57 patients displayed 
prostate intraepithelial neoplasia (4.4%) and that 703 patients 
exhibited prostate hyperplasia and prostatitis (54.1%). The 
Gleason scores of the diagnosed patients are shown in Table II. 
Compared with the 12-core group, 8.7% patients appeared to 
show an increase in Gleason scores in the 12+X core group.

The positive detection rate of the 12-core group was 34.4% 
(125/363), while that of the 12+X core group was 44.3% 
(415/937). The positive detection rates for the patients are 
expressed in Table III. Patients with abnormalities identified 
through DRE, TRUS, or MRI were found to have positive 
rates of ~24.0, 30.1, and 59.2%, respectively. The overall inci-
dence rate of complications was 19.0% (247/1,300), including 
6 patients with lidocaine absorption into the blood, 201 patients 
with post-operative hematuria, 14 patients with perineal hema-
toma, 21 patients with acute urinary retention and 5 patients 
with urinary tract infections accompanied by fever. The 
aforementioned complications were all resolved subsequent 
to treatment and did not result in any severe complications. 
The incidence rate of post-operative complications for the 12 
core and 12+X core groups were 16.8% (61/363) and 19.9% 
(186/937), respectively. The difference between the groups was 
demonstrated to be insignificant (P=0.175). A comparison of 
a positive needles outcome of prostate cancer in the different 
groups and the distribution of the lesions are displayed in 
Table IV.
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Discussion

With the wide application of TRUS in clinical practice, 
TRUS-guided prostate biopsy has become the gold standard 
for diagnosis of prostate cancer (9). Hodge introduced the 
TRUS-guided 6 core biopsy in 1989 (7). This technique was 
later criticized for its high false negative rate, which was as 
high as 20-30% (10). Therefore, 8-, 10-, 12- and 13-core and 
saturated puncture techniques were proposed to improve the 
detection rate for prostate cancer. Numerous studies have 
confirmed the diagnostic value of an increase in the number of 
samples taken for the detection of prostate cancer (6,7,11,12). 
However, alternative studies found that a slight increase in the 
number of cores would not significantly increase the detection 
rate of prostate cancer (13,14). A possible explanation for such 
a dispute might be associated with the fact that initial biop-
sies mostly took samples randomly. The present study found 
that taking additional samples from prostate sites suspected 
to be cancerous, identified using pre‑operative imaging tests, 
provided an improved biopsy modality. The 12+X core biopsy 
modality, which combined random puncture with targeted 
puncture, enhanced detection rate by 28.8% with an average 
of only 3.5 additional samples taken.

Chen et al (13) found that ~80% patients with prostate 
cancer exhibited multifocal distribution, mostly located in the 
peripheral zone of the prostate. Small-sized cancerous lesions 

Table I. Patient information.

 12-core 12+X core
Characteristic group group

Number of cases 363 937
Mean age (years) 71.1 70.2
Ethnicity-Han, % 95.0 96.1
Family history of prostate cancer, %   3.6   3.9
Mean prostate volume, ml 39.2 37.8
Mean peak value of TPSA, ng/ml 15.4 16.7
Anomaly in DRE, % 66.9 65.1
Anomaly in TRUS, % 72.1 74.2
Anomaly in MRI, % 70.5 72.4
First biopsy, % 77.4 81.3
Mean surgery time, min 17.7 21.5
Mean number of core samples taken 12 15.5

DRE, digital rectal examination; MRI, magnetic resonance imaging; 
TPSA, total prostate specific antigen; TRUS, transrectal ultrasound.

Figure 1. Hypointensive lesions identified on both sides of the peripheral zone 
and left transitional zone of the prostrate through trans-rectal ultrasound.

Figure 2. Hypointensive lesions of the prostrate identified through 
T2-weighted magnetic resonance imaging.

Table II. Gleason score of the two groups.

Gleason 12 core  12+X core  
Score group, % group, % P-value

Patients, n 125 415 
≤6 35.2 26.6 0.063
  7 34.4 40.0 0.127
  8 15.2 18.3 0.341
  9 13.6 13.7 0.934
10   1.2   1.4 0.874

Figure 3. Locations of standard 12-core and 12+X core prostate biopsies as 
identified by rectal ultrasound. The numbers were manually added in image 
editing software. Red, 12 core; yellow, 12+.
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were mainly located in the apex zone. For prostate cancer 
patients with normal or slightly elevated PSA, most lesions 
were located in the apex zone (14). Vis et al (15) conducted an 
in vitro simulation experiment on the specimens taken from 
40 patients that underwent radical prostatectomy and found that 
the positive rate was higher in transperineal prostate biopsies 
compared with transrectal prostate biopsies. The comparatively 
lower false negative rate of perineal prostate biopsy may be 
explained by the fact that during a perineal prostate biopsy 
the needle will penetrate the apex region of the prostate. More 
tissue can be obtained from the peripheral zone of the pros-
tate, which is also the predilection site of prostate cancer (16). 
However, with respect to transrectal prostate biopsies, more 
tissue will be obtained from the transitional zone of the pros-
tate, and the peripheral zone of the prostate is more likely to be 
missed. However, there are also studies suggesting that there 
is no significant difference between these two approaches in 
terms of the false negative rate (17-19). As a result, a widely 
accepted perspective is that the number of puncture cores is 
more important than the biopsy approach taken (20).

Perineal prostate biopsy was chosen in the present study 
because this approach allows the use of perineal templates. 
The use of perineal templates in perineal prostate biopsies can 
overcome the deviation away from the site of interest caused 
by using a long needle, and the needle parallel to the probe can 
avoid injuring the rectum. Additionally, an even distribution of 
needle gage between 0.5 and 1 cm may effectively reduce false 
negative rate, theoretically (21). The present study suggests 
other benefits of transperineal prostate biopsy. Firstly, disin-
fecting perineal skin is much easier than disinfecting that of 
the rectum. As a result, the rate of biopsy-associated infection 
can be greatly reduced, and the risk of post-operative severe 
infection can be effectively controlled via the administration 
of prophylactic antibiotics taken one day prior to the opera-
tion (22). Secondly, due to the reduced rate of complications 
associated with transperineal prostate biopsy, increasing the 
number of samples taken would be more advisable compared 
with alternative prostate biopsies. In the present study, more 
samples were taken in 12+X core group compared with the 
12-core group, but the incidence rate of complications did not 
increase significantly between groups.

Previous studies highlight the clinical significance of 
DRE, TRUS, MRI and PSA as indicators in the diagnosis 
of prostate cancer (23,24). The present study suggests that 
high‑field MRI could greatly enhance the detection rate of 
prostate cancer. The close analysis of images obtained from 
an MRI of the prostate helped identify suspected cancerous 
lesions, and TRUS-guided prostate biopsies targeting these 
lesions significantly enhanced the detection rate of prostate 
cancer. PSA is still a clinically important index for diagnosing 
prostate cancer. The positive detection rate is significantly 
higher for patients with T‑PSA ≥10 ng/ml, T‑PSA between 4 
and 10 ng/ml, F/T PSA <0.16 and PSAD ≥0.15. Therefore, 
the aforementioned indicators should be fully analyzed prior 
to the selection and implementation of biopsy, especially for 

Table IV. Comparison of a positive needles outcome of prostate 
cancer and the distribution of the lesions.

 12 core  12+X core  
Distribution group, % group, % P-value

Positive needle, n 4.3 5.1 0.254
  Fronta 84.1 85.3 0.763
  Backa 80.4 84.2 0.127

aUsing Fig. 3 as an example, the locations of 1, 7, 9, 6, 11 and 12 
were front and 2, 3, 4, 5, 8 and 10 were back.

Table III. Positive rates for patients with different PSA, f/t PSA and PSAD.

 12 core group 12+X cores group
 -------------------------------------------------------------------- --------------------------------------------------------------------
Group Patients Positive rate, % Patients Positive rate, % P-value

TPSA, ng/ml     
  <4 22 9.1 55 21.8 0.003
  4-10 77 9.1 216 21.3 0.004
  10-20 148 16.1 373 39.7 0.015
  >20 116 61.2 293 80.5 0.041
f/tPSA     
  ≥0.16 21 9.5 56 25.0 <0.001
  <0.16 56 8.9 160 20.0 0.021
PSAD     
  ≥0.15 276 15.2 734 23.4 0.037
  <0.15 87 7.5 203 10.1 0.234
Total 363 34.4 937 44.3 0.039

f/tPSA, ratio of free prostate specific antigen with total prostate specific antigen; PSAD, prostate specific antigen density; TPSA, total prostate 
specific antigen.
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patients with hyperplasia of the prostate gland and PSA values 
in the gray area. In previous years, with the rapid development 
of auxiliary imaging techniques, new high-accuracy biopsy 
techniques have emerged, including MRI-guided prostate 
biopsy, transrectal TRUS and MRI image fusion-guided pros-
tate biopsy, real-time ultrasound elastography-guided prostate 
biopsy and ultrasound histoscanning, which can significantly 
enhance the detection rate of prostate cancer (25-27).

The present study demonstrates that images obtained from 
enhanced MRI facilitate the analysis and identification of cancer 
lesions. The TRUS-guided transperineal prostate 12+X core 
biopsy with template can significantly enhance the detection 
rate of prostate cancer, due to the combination of random punc-
ture with targeted puncture. In addition, this biopsy modality 
exhibits good accuracy and safety. Therefore, the technique 
presented in the present study is advisable for clinical practice.
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