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Abstract
Introduction: Transurethral enucleation resection of the prostate (TUERP) is one of the most important minimally invasive methods for the treatment of benign prostatic hyperplasia (BPH). There have been many reports on the therapeutic effects of TUERP. However, reports on prostate surgical capsule recognition and pathological analysis are rare.
Aim: To compare the pathological features of the prostate surgical capsule between TUERP and suprapubic open
prostatectomy (SOP).
Material and methods: Eighty samples were collected; samples 1–3 were prostate gland tissue, tissue adjacent to
the prostate surgical capsule, and prostate surgical capsule tissue, respectively. HE staining was used to analyze the
pathological components; the enucleation rate was compared between both groups.
Results: The pathological features of the prostate surgical capsule for both groups were roughly the same: sample
1 was mostly gland, with lesser amounts of smooth muscle and fibrous tissue components; sample 2 was mostly
fibrous tissue and a smooth muscle component and a small amount of glandular components, and, closer to the
surgical capsule, more fibrous tissue, less glandular component; sample 3 was mainly fibrous tissue, and almost no
glandular component; there were the same differences among samples 1–3 in both groups (p < 0.05). The enucleation rate for TUERP and SOP was roughly the same, about 58.2%, and there was no significant difference (p > 0.05).
Conclusions: The prostate surgical capsule in TUERP was similar to SOP, which consisted mainly of smooth muscle and
fibrous tissue. Moreover, SOP combined with transurethral resection of the prostate (TURP) can treat BPH for a large
volume of prostate (> 100 ml), but its effectiveness and safety need further large-scale clinical trials for confirmation.
Key words: enucleation, surgical capsule, prostate, open, transurethral.

Introduction
Benign prostatic hyperplasia (BPH) is a common disease in elderly men. In recent years owing
to growing number of elderly people, the incidence
rate has clearly increased year by year [1]. Surgical
treatment of BPH in recent decades has been performed by suprapubic open prostatectomy (SOP),
transurethral resection of the prostate (TURP), and
transurethral enucleation resection of the prostate

(TUERP). Although the surgical method was constantly improving, the scope of surgical resection
was based on achieving the prostate surgical capsule, but the recognition of the prostate surgical
capsule required excellent practical experience, owing to capsule identification being unclear, leading
to perforation of the capsule, causing surgical injury, and even leading not uncommonly to serious
complications of the situation, so the study of the
prostate surgical capsule has important clinical sig-
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nificance [2–6]. This study was designed to compare
the similarities and differences in the pathology of
the prostate surgical capsule between TUERP and
SOP, while introducing SOP combined with salvaged
TURP for the treatment of a large volume of BPH.

Aim
The aim of the study was to compare the pathological features of the prostate surgical capsule between TUERP and SOP.

Material and methods
Study participants
From January 2014 to February 2017, 80 BPH
patients were enrolled and were divided into the
TUERP group (n = 40 patients) and the SOP group
(control group, n = 40 patients). All patients underwent
preoperative prostate-specific antigen (PSA), digital
rectal examination (DRE), post-void residual volume
(PVR), International Prostate Symptom Score (IPSS),
quality of life (QOL) and maximum flow rate of urine
(Qmax). Prostate weight and volume were examined
and calculated (volume = upper and lower diameter
× antero posterior diameter × left and right diameter
× 0.52, weight = volume × 1.05). Patients’ exclusion
criteria: 1) prostate volume is too small, less than 40 g;
2) patients with significant coagulation dysfunction;
3) patients with significant cardiopulmonary insufficiency cannot tolerate surgery; 4) body deformity cannot tolerate supine position; 5) other combined medical diseases affecting anesthesia or surgery.

TUERP surgical procedures
All surgical procedures were completed by a senior medical chief physician, the patients have been
taking the lithotomy position after anesthesia, disinfection was completed, adjusted power level of the
resectoscope to 160 W, electrocoagulation power to
100 W, observed the urethra、prostate and bladder
clearly, the TUERP included four steps: The first step:
at 10-2 o’clock direction we cut the gland to the prostate surgical capsule to facilitate the formation of
enucletation marker and drainage channel; The second step: at the fine level we cut to the capsule layer
of the left side and enucleated retrogradely the prostate gland, retaining at 5 o’clock part of the bladder
neck in order to prevent the gland moving into the
bladder, in the same way enucleated the right side of
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the prostate glandular tissue, and retained the glandular tissue at 7 o’clock of the bladder neck. The third
step: the prostate tissue was cut rapidly between the
gland and the urethra, or between the gland and the
capsule. The fourth step: we dressed the prostate
tip, bladder neck, and checked for potential bleeding
points and gave hemostasis carefully, and retained
the catheter, then the surgery was over.

SOP surgical procedures
All the surgical procedures were completed by
a senior medical chief physician. The patients adoped
the supine position after anesthesia. Disinfection was
completed, an incision was made at the middle of the
abdomen, we cut the skin layer by layer, subcutaneous tissue, muscle, opened the bladder, and cut the
bladder neck. We enucleated the bilateral prostate
gland by finger, then sutured the bladder neck and
hemostasis and formed the bladder neck outlet (accommodated one index finger), and sutured the bladder after retaining the bladder drainge tube, transurethral endoscopy into the prostate and observed the
prostate surgical capsule. Active bleeding was given
coagulation hemostasis, and we dressed the wound
surface of the prostate surgical capsule appropriately.

Samples required and staining method
All samples 1–3 were required from prostate
glandular tissue, tissue adjacent to the prostate surgical capsule, and prostate surgical capsule tissue,
respectively; all samples were subjected to HE staining. In addition, we compared the enucleation rate
for both groups.

Statistical analysis
SPSS 16.0 statistical software was adopted, measurement data were expressed as mean ± standard
deviation; the c2 test was used for the enucleation
rate of intragroup comparisons, the paired t-test
was used for baseline of intragroup comparisons,
single-factor analysis of variance was used for the
three groups, p < 0.05 was statistically significant.

Results
Firstly, the basic information of both groups
is presented in Table I. There were no differences
among AGE, PSA, PVR, IPSS, QOL, Qmax (p > 0.05)
(See Table I for details).
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Table I. Comparison of general data between groups
Parameter

TUERP (n = 40)

SOP (n = 40)

P-value

Age [years]

72.3 ±5.2

72.6 ±6.5

0.069

Prostate volume [ml]

68.5 ±7.5

120.4 ±5.3

0.021

IPSS

16.8 ±4.3

15.1 ±3.6

0.087

QOL

3.8 ±0.5

3.7 ±0.5

0.067

PSA [ng/ml]

5.2 ±0.5

6.2 ±1.1

0.091

Qmax. [ml/s]

10.4 ±3.1

10.2 ±4.3

0.097

80.2 ±15.4

81.6 ±13.7

0.078

PVR [ml]

TUERP group
In samples 1, 33 of 40 cases were glandular tissue, 5 cases were glandular tissue mixed with a small
amount of muscle fibers, 2 case were gland tissue
mixed with a small amount of inflammatory cells; in
samples 2, 26 of 40 cases were muscle fiber-based,
with a small amount of inflammatory cells, 10 cases were glandular tissue mixed with a small amount
of muscle fiber tissue, 4 cases were glandular tissue
mixed with a small amount of fibrous tissue; in samples 3, 38 of 40 cases were fibrous tissue, 2 cases
were fibrous tissue mixed with a small amount of
inflammatory cells; obviously, samples 1 were gland
mostly; samples 2 were fibrous tissue and smooth
muscle component mostly, and more close to the
prostate surgical capsule, more fibrous tissue, less
glandular component; samples 3 mainly were fibrous tissue and almost no glandular component;
there were differences among samples 1–3 (p < 0.05)
(Table II and Photos 1, 2).

SOP group
In samples 1, 34 of 40 cases were glandular tissue, 4 cases were muscle fibers mixed with a small
amount of glandular tissue, 2 cases were fibrous and

mixed with a small amount of inflammatory cells;
in samples 2, 27 of 40 cases were muscle fibrous
tissue mixed with a small amount of inflammatory cells, 9 cases were glandular tissue mixed with
a small amount of muscle fiber tissue, 4 cases were
fibrous tissue mixed with a small amount of glandular tissue; in samples 3, 37 of 40 cases were fibrous
tissue, 3 cases were smooth muscle tissue mixed
with a small amount of inflammatory cells. With the
same results as the TUERP group above mentioned,
we found there were the same differences among
samples 1-3 in the SOP group (p < 0.05) (Table II and
Photos 1, 2).
Finally, the enucleation rate for TUERP group was
58.2%, and 58.3% for the SOP group. The results
show that both groups of resected prostate tissue
were relatively close; there was no significant difference (p > 0.05). Moreover, the prostate surgical
capsule after the removal of prostate tissue in both
groups was also similar to the naked eye (Table III
and Photo 3).

Discussion
According to McNeal, on partition of the prostate, BPH often originated in the gland around the

Table II. Comparison of HE findings between groups
Parameter

Sample 1 (n = 40)

Sample 2 (n = 40)

Sample 3 (n = 40)

P-value

Glandular
tissue

Smooth
muscle

Fibrous
tissue

Glandular
tissue

Smooth
muscle

Fibrous
tissue

Glandular
tissue

Smooth
muscle

Fibrous
tissue

TUERP

33

5

2

10

26

4

0

2

38

0.013

SOP

34

4

2

9

27

4

0

3

37

0.024

0.065

0.067

0.121

0.087

0.091

0.121

0.213

0.067

0.069

0.035

P-value
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A

B

C

D

Photo 1. SOP group specimens 1–3 H + E staining picture 200×: A – mainly glandular hyperplasia, a small
amount of smooth muscle; B – smooth muscle-based, a small amount of glandular hyperplasia; C, D – fibrous tissue, smooth muscle hyperplasia, almost no glands

A

B

C

D

Photo 2. TUERP group of specimens 1–3 H + E staining picture 200×: A – mainly glandular hyperplasia,
a small amount of smooth muscle; B – smooth muscle-based, a small amount of glandular hyperplasia;
C, D – fibrous tissue, smooth muscle hyperplasia, almost no glands

258

Videosurgery and Other Miniinvasive Techniques 2, April/2019

Pathological analysis on transurethral enucleation resection of the prostate-related prostate surgical capsule

Table III. Comparison of enucleation results between groups
Parameter

Preoperative prostate weight [g]

Resection of prostate weight [g]

Enucleation rate (%)

TUERP

68 ±5.5

39 ±5.2

58.2

SOP

120 ±6.8

70 ±6.6

58.3
0.097

P-value

A

B

Photo 3. Comparison of two groups of enucleation capsule of prostate surgery: A – SOP group capsule
surface; B – TUERP group capsule surface

urethra and prostate transition zone. The prostate
surgical capsule was formed by proliferating prostate nodules compressing the surrounding prostate
gland tissue [7]. Prostate surgical capsule thickness
ranged from 2 to 5 mm. The enucleation operation
was performed between the surgical capsule and
the rear compressed gland [7, 8]. Many authors
have described the surgical boundary of the “surgical capsule” as “white cross-shaped fiber” or “crude
fiber staggered structure” or “coarse mesh weave”
structure, but a few authors stated that the microscopic surgical capsule and anatomical capsule cannot be distinguished from each other, believing that
cutting to see the coarse fiber bundle or network
structure indicated that the prostate surgical capsule has been cut through, and the distance from
the prostate urethral to the prostate surgical capsule cannot be measured intraoperatively. Some
studies have suggested that the depth of prostate
resection should be cut to the prostate capsule and
some studies have suggested that prostate resection only need to be cut to the prostate surgical capsule, so this reflected the difference in the depth of
cut by the urologist [9–12].
Others have studied how to identify the prostate
surgical capsule as the boundary of surgery in TURP
correctly. The depth from the prostate surgical capsule to the prostate capsule in TURP was measured
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by the resectoscope ring, found in different parts of
the prostate. There was different thickness between
the prostate capsule and the surgical capsule, and
it was concluded that in TURP the prostate surgical
capsule can be seen as a safe boundary, while the
prostate capsule cannot be seen as a safe boundary [13]. Liu et al. thought TUERP was able to resect
the glandular tissues similar to SOP, and thought
the surgery had several advantages such as quick
removal and less bleeding [14], but the study only
carried out the longitudinal comparison of samples,
and did not study the horizontal comparison of the
difference of the prostate surgical capsule between
TUERP and SOP. Our results showed that in TUERP
and SOP groups, the main components of samples
3 were fibrous tissue, and samples 1 were glandular tissue, and the junction of the two samples
were the two mixed ingredients – the closer to the
prostate surgical capsule, the more fibrous tissue
components and the less glandular tissue (Photos 1
and 2). The results of horizontal comparison between
the groups were similar, and there was a significant
difference between the groups. It can be concluded
that the prostate surgical capsule surface of TUERP
was similar to SOP, which was the traditional understanding of enucleation on the prostate surgical capsule, TUERP can perform maximum removal of the
prostate tissue on the basis of safety.
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Panalniappan, who compared early postoperative PSA and the Qmax in TURP and TUERP, found
that indicators mentioned above in TUERP recovered
more ideally, compared to TURP, TUERP cut tissue
more thoroughly, and the treatment effect was better [15]. What is more, Limaoyin et al. compared the
enucleation rate among TURP, TUERP and SOP, and
found the highest enucleation rate for SOP, reaching
39% [16]. In addition, Tomasz et al. found that the
postoperative residual gland accounted for about
36% of the preoperative prostate volume using the
imaging examination for TUERP and SOP [17]. Our
study indicated that the enucleation rate for both
groups was 58.2%, which was differences with results above mentioned (Table III). It may be related to the following reasons: a difference existed in
preoperative prostate volume assessment, because
the calculation of preoperative prostate volume included color Doppler ultrasound, MRI and prostate
referral examination, which may have resulted in
the difference. Furthermore, the surgeon may not
be the same person, the prostate tissue removed
during the operation was inadvertently lost, and the
excised tissue was not weighed after drying, which
will have an indirect and direct impact on the results.
Recently, the minimally invasive treatment of BPH
has been constantly innovating. Qiu et al. proposed
a non-surgical minimally invasive method – superselective prostatic artery embolization (PAE) for treatment of BPH, which was considered to be suitable
for patients with BPH who cannot be operated on
or refused surgery, but its long-term efficacy remained to be confirmed [18]. Shin et al. used SOP
combined with TURP in large volume BPH patients,
and found that postoperative urinary function was
significantly improved compared with preoperative
values. They believed that this method can significantly reduce the operation time and bleeding, and
it was another safe and effective method for treating patients with massive BPH [19]. In this study, in
40 patients who underwent salvaged TURP after SOP,
an intraoperative endoscopic can once again observe
the surface of the prostate surgical capsule, and the
prostate surgical capsule in TUERP was very similar
to the naked eye (Photo 3); meanwhile we can coagulate the prostate surgical capsule surface and
resect the residual surgical tissue, to achieve complete hemostasis and prevent glandular tissue loss.
In this study, in 1 of the 40 patients it was found that
the bladder neck suture was too small, we resected
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it again under TURP, in a greater degree, which can
prevent postoperative urethral stricture, which was
a common open surgery complication. One of the
40 patients with significant bleeding in the bladder
neck and prostate tip was given appropriate coagulation hemostasis to achieve a real “remedy” effect.
In addition, due to the need to pull the catheter for
a long time after SOP to prevent bleeding, however,
due to prolonged traction and compression it led to
urethral sphincter ischemic injury, then postoperative
urinary incontinence and postoperative genitourinary
infection was greatly increased, so SOP combined
TURP in this study can play a role to minimize the risk.
Of course, our research also had certain defects:
on the one hand, our sample size was small and it
was a single-center study. On the other hand, we did
not study the correlation between these pathological structural differences and changes in clinically
relevant functions. In view of this, future research
projects should avoid using a similarly small sample
size, and a multi-centre study should be conducted.

Conclusions
The prostate surgical capsule consisted mainly of
smooth muscle and fibrous tissue, TUERP was similar to SOP, and can effectively remove the glandular
tissue in the safe range. SOP combined with TURP
may be used as a method for a large volume of BPH
(> 100 ml), but its effectiveness and safety need
a large sample of clinical studies for confirmation.
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