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Purpose: To identify the endoscopic vascular anatomy of the prostate during Holmium laser enucleation of the prostate (Ho-
LEP), and analyze the clinical risk factors associated with significant arterial bleeding.

Methods: We identified 107 consecutive patients with benign prostatic hyperplasia who underwent HoLEP between September
2009 and August 2010, performed by a single surgeon (S.J.0.). Two independent reviewers reviewed the surgery video database
and completed a prespecified form. The location of bleeding arteries was marked at the level of the bladder neck, proximal pros-
tate, distal prostate, and verumontanum. Arterial bleeding was classified into one of three grades according to bleeding severity
(grades 2 and 3 indicate significant bleeding).

Results: The mean prostate volume was 65.1+31.5 mL, and the mean prostate-specific antigen (PSA) level was 3.69 +3.58 ng/
mL. During the HoLEP procedure, the most common locations of significant bleeders were the 2-5 and 7-10 oclock positions
in the proximal prostate. The average number of bleeding arteries was 12.1+7.9 per procedure, and 1.93 +1.20 per 10 mL of
prostate volume. Multivariate analysis revealed that prostate volume and serum PSA were significant parameters for estimating
the number of bleeding vessels.

Conclusions: During the HoLEP procedure, the most common locations of significant bleeders were the 2-5 and 7-10 oclock
positions in the proximal prostate. Prostate volume was associated with the number of bleeders. A careful approach to the cap-
sular plane of the proximal prostate facilitates early hemostasis during the HoLEP procedure, especially with larger adenomas.
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INTRODUCTION

The procedure of Holmium laser enucleation of the prostate
(HoLEP) has the advantage of complete anatomic enucleation of
the prostate [1,2]; however, this procedure is technically difficult
to perform and has a steep learning curve [3-5]. HOLEP requires
blunt dissection between the prostatic adenoma and the capsule,
with the beak of the resectoscope serving as the “surgeon’s fin-
ger” during simple open prostatectomy. However, blunt dissec-
tion can cause bothersome bleeding. Although HoLEP is well

known to be an exceptionally hemostatic procedure, significant
bleeding can still occur in certain patient populations, such as
those with cardiac disease, large glands, prostate cancer, or infec-
tions [6].

Few reports have detailed the gross anatomy of the prostatic
arterial supply. Bilhim et al. [7] reported that the prostate arteries
reach the prostate capsule at the prostatovesical junction
posterolaterally. Leventis et al. [8] reported that multiple capsular
arteries transversely enter from the lateral and anterior borders
of the gland. Hinman [9] described that the urethral branches of
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the prostatic arteries enter near the vesical neck at the 5 and 7
oclock positions and constitute the blood supply to the adenoma;
thus, persistent excessive bleeding can be controlled with a pos-
terior capsular suture near the neck.

The endoscopic anatomy during HoLEP is different from the
gross anatomy during open prostatectomy; however, the endo-
scopic vascular anatomy of the prostate is not known. There also
are currently no standard guidelines concerning the endoscopic
anatomy of the prostate vessels. Therefore, evaluating the endo-
scopic vascular anatomy of the prostate is necessary and such
knowledge can help considerably shorten the learning curve of
HoLEP. In this study, we identified the endoscopic vascular
anatomy of the prostate as observed during the HoLEP proce-
dure and analyzed the clinical risk factors associated with signif-
icant arterial bleeding.

MATERIALS AND METHODS

This study was conducted with approval from the Seoul Nation-
al University Hospital Institutional Review Board (H-1205-071-
410) and was performed in strict accordance with the ethical
guidelines of the Declaration of Helsinki. As this was retrospec-
tive study based on a video database and data were analyzed
anonymously (ie., personal identifiers were removed), the IRB
waived the requirement for the acquisition of informed consent
from patients.

We identified consecutive 107 patients with lower urinary
tract symptoms (LUTS) caused by benign prostatic hyperplasia
(BPH), who underwent HoLEP between September 2009 and
August 2010 performed by a single surgeon (S.J.O.). Before Sep-
tember 2008, the surgeon had performed 136 HoLEP proce-
dures; therefore, we considered that the surgeon has adequate
surgical skill at the time of the study. All patients underwent
urodynamic pressure flow tests. Prostatic biopsies were per-
formed to exclude cancer when the serum prostate-specific anti-
gen (PSA) level was elevated (>4 ng/mL) or when a digital rec-
tal examination produced suspicious results. The indications for
HoLEP surgery were as follows: age =50 years; clinical LUTS
(International Prostate Symptom Score >8); anatomical BPH
(prostate volume >25 mL); and the absence of a previous radio-
therapy or surgery in the bladder and/or prostate, genitourinary
malignancy or trauma history, or recent symptomatic urinary
tract infection.

The surgical procedure for HoLEP at our institution has been
previously described in detail [10-14]. Patients were instructed
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to discontinue anticoagulant medication at least 5 days before
surgery. In the few patients for whom anticoagulants were es-
sential perioperatively because of cardiovascular or cerebrovas-
cular issues, a management plan was provided by the corre-
sponding specialty departments. When a bleeding vessel was
encountered, the laser fiber was defocused by pulling the laser
back slightly from the bleeding point to achieve hemostasis. The
surgical database was created from real-time recorded MPEG
files of HoLEP surgeries by using the GI-7000HD full HD quali-
ty PACS gateway (iS System, Goyang, Korea) at our institution,
obtained with an IMAGE 1 H3-P fullHD pendulum camera
head and IMAGE 1 HUBHD camera control unit SCB with an
SDI module (Karl Storz Endoskope, Tuttlingen, Germany).

Two independent reviewers retrospectively reassessed our
prospectively collected video database of the HOLEP procedure
and completed a prespecified form. At our institute, all HOLEP
procedures are recorded and stored in a video database. Both
reviewers initially reviewed 10 videos together, and agreed on
the classification of the bleeding grades. Then, the reviewers di-
vided the groups for analysis and reviewed the videos separate-
ly. The location and number of bleeding arteries were marked
according to the face of a clock at the level of the bladder neck,
proximal prostate, distal prostate, and verumontanum. Arterial
bleeding was classified into three grades according to the bleed-
ing severity, as follows: grade 1, the bleeding was assumed to be
arterial but was easily coagulated; grade 2, the bleeding inter-
fered with the surgical procedure but was easily coagulated, or
the bleeding was not severe but coagulation was prolonged; and
grade 3, the bleeding completely obscured the operative field
and coagulation was difficult and time consuming (Fig. 1).
Grades 2 and 3 bleeding were classified as significant bleeding.
The location and number of bleeding vessels, and the predictive
clinical factors were analyzed.

Perioperative data such as patient age, body mass index, pros-
tate volume, serum PSA level, comorbidities, medications, pre-
operative biopsy results, postoperative pathology findings, total
operation time, and enucleation and morcellation times were re-
corded prospectively. The prostate size was calculated preopera-
tively by using the prolate ellipsoid formula (71/6 x height x
width x length) based on transrectal ultrasonography measure-
ments in three dimensions. The baseline characteristics of all pa-
tients were summarized as the mean +standard deviation for
continuous variables and frequencies, or as percentages for cate-
gorical variables. Prostate volume was stratified as follows: small,
<40 g; intermediate, 40-75 g; and large, >75 g. A large number
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Grade 2

Grade 1
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Fig. 1. Grading of bleeders. (A) The grade 1 bleeder was assumed to be arterial but was easily coagulated. (B) The grade 2 bleeder inter-
fered with the surgical procedure, but was easily coagulated, or when the bleeding was not severe, but coagulation was prolonged. (C)
The grade 3 bleeder was definitive pumping artery that completely obscured the operative field and coagulation was difficult and time-

consuming,.

of bleeder was defined as > 10 significant bleeders.

Data were statistically analyzed by using the Student t-test
and/or the Pearson chi-square test. Variables were established by
using univariate analysis, and those factors determined to be
significant were entered into multivariate analysis with a logistic
regression model. In all tests, a two-sided P-value of <0.05 was
considered to be statistically significant. Statistical analysis was
performed with SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

The mean age of the patients was 68.6 £6.8 years. The mean
prostate volume was 65.1£31.5 mL, and the mean PSA was
3.69+3.58 ng/mL. Concerning underlying diseases, 50.5% of
the evaluated patients had hypertension, 17.8% had diabetes,
35.5% had a history of taking anticoagulant medications, and
16.8% were taking a 5-a-reductase inhibitor (5-ARI). Preopera-
tive prostate biopsies were performed in 16.7% of the patients.
The mean operative and enucleation times were 61.1+32.1 and
45.2+20.6 minutes, respectively. Prostate cancer was incidental-
ly detected in 9.3% of the specimens through postoperative
pathologic examination (Table 1).

During HoLEP, the most common locations of significant
bleeders were at the 3-4 and 8-9 oclock positions in the proxi-
mal prostate. At the bladder neck, bleeding arteries were most
commonly located at the 3 and 10 oclock positions. In the proxi-
mal prostate, significant bleeding arteries were noted at the 3-4
and 8-9 oclock positions. Bleeding arteries were commonly lo-
cated at the 2-3 and 8-9 oclock positions in the distal prostate.
At the verumontanum, bleeding arteries were located on the lat-
eral aspects bilaterally (Fig. 2).
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Table 1. Baseline characteristics

Characteristic Value
Age (yr) 68.9+6.8
Body mass index (kg/m®) 242+29
Prostate volume (mL) 65.1+31.5
PSA (ng/mL) 3.69+3.58
Hypertension 54 (50.5)
Diabetes mellitus 19(17.8)
5 Alpha reductase inhibitor 18 (16.8)
Anticoagulant medication 38 (35.5)
Preoperative biopsy done 18(16.7)
Pathology - prostate cancer 10(9.3)
Operative time (min) 61.1+32.1
Enucleation time (min) 45.2+20.6

Values are presented as mean + standard deviation or number (%).

The average number of bleeding arteries per operation was
12.1+7.9, and not only the total number of bleeders but also the
number of significant bleeders increased significantly in propor-
tion to the prostate volume. The density of bleeders and signifi-
cant bleeders was 1.93 and 0.53 per 10 mL of prostate volume,
respectively. The density of significant bleeders also correlated
with the prostate volume but did not reach statistical signifi-
cance (P=0.226) (Table 2).

The prostate volume was a significant parameter for estimat-
ing a large number of bleeding vessels, suggesting that more
bleeders existed in larger prostates. Preoperative use of anticoag-
ulant medications or 5-ARIs was not a significant risk factor for
bleeding vessels. The operation time was also not associated
with the number of bleeders. On the basis of a univariate analy-
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Fig. 2. Location of bleeders. (A) Bladder neck level, (B) proximal prostate level, (C) distal prostate level, and (D) verumontanum level.
The large numbers within the inner circles show the number of significant bleeders at each location marked by the hours of a clock. The
small numbers marked within the outer circles show the number of total bleeders at each location. We considered more than 10 signifi-
cant bleeders as frequent, and more than 50 bleeders as frequent for each location, and marked frequent bleeders within circles.
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Table 2. The number and density of bleeding vessels according to prostate volume

No. (%) Bleeder P-value Bleeder per 10 mL P-value

Total no. of bleeders 12.1£7.9 <0.001 1.93+1.20 0.798

<40 mL 18 (16.8) 6.8+£6.2 2.01+1.69

40-75mL 63 (58.9) 99+54 1.97+1.22

>75mL 26(24.3) 19.6+8.4 1.79£0.73
No. of significant bleeders 3.7+4.2 <0.001 0.53+0.63 0.226

<40 mL 18 (16.8) 1.5+6.2 0.42+0.84

40-75 mL 63(58.9) 23422 0.49+0.63

>75mL 26(24.3) 79+4.7 0.71£0.40

Values are presented as mean + standard deviation or number (%).

Table 3. Perioperative predictive factors for a large number of
bleeders

Univariate Multivariate
Parameter
P-value OR  95%CI P-value

Prostate volume 0.002

<40 mL vs.40-75mL 1.5 04-50 0.514

<40mLvs. 275mL 61 1.1-33.8 0.037
Prostate-specific antigen 0.003

<4ng/mLvs. 24 ng/mL 1.2 03-50 0724
Preoperative biopsy 0.004 1.0 02-48  0.603
Pathology - prostate cancer ~ 0.008 1.5 02-82  0.280

Displays only significant variables in univariate analysis.
OR, odds ratio; CI, confidence interval.
"P<0.05

sis, the PSA level, a history of a preoperative biopsy, and postop-
erative pathologic findings were associated with the number of
bleeders. However, multivariate analysis revealed that the pros-
tate volume was the only significant parameter for estimating
the number of bleeding vessels (Table 3).

DISCUSSION

Our findings suggest that the most common locations of pene-
tration of the supplying artery were the 3-4 and 8-9 oclock po-
sitions in the proximal prostate. The number of bleeders was as-
sociated with the prostate volume. At the level of the distal pros-
tate and verumontanum, bleeders were observed in similar loca-
tions. This could be due to the course of the prostate arteries in a
parallel direction to the urethra, and to the penetration of the
supplying artery to the adenoma at both lateral sides of the pros-
tate. To our knowledge, this is the first study to confirm the arte-
rial anatomy of the prostate under an endoscopic view. Such an
accurate knowledge of the endoscopic surgical anatomy allows
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to easily control bleeding and to identify the major bleeder dur-
ing or after enucleation.

A previous study has reported that the urethral arteries pene-
trate the prostatovesical junction at the 1-5 and 7-11 oclock po-
sitions [13]. The urethral arteries then turn caudally, parallel to
the urethra, to supply the prostate gland [13]. These arteries pro-
vide the main blood supply to the adenoma in men with BPH
[15]. The other main branch of the prostatic artery is the capsu-
lar artery, which is arranged on the prostate surface after passing
the capsule at the 2, 5,7, and 10 oclock positions [7]. The bulk of
the capsular artery runs posterolaterally and pierces the prostate
at right angles to supply the glandular tissues [16]. The results of
previous studies are consistent with our findings. Significant ar-
terial bleeders were observed mainly at the 2-5 and 7-10 oclock
positions near the prostatic capsule.

It is essential to know the endoscopic vascular anatomy of the
prostate during HoLEP to perform efficient surgery and to master
the learning curve. In our clinic, we push the prostate adenoma
superiorly and inferiorly with the beak of the resectosope; this
traction makes it easier to find the anatomic plane. In some clin-
ics, the surgeon broadly coagulates the area surrounding the pros-
tate, which may control bleeding but consumes energy, time, and
fiber. In our institution, we try to perform maximally efficient sur-
gery by using a combination of sharp dissection with a laser and
blunt dissection with the beak of the resectoscope; thus, we coagu-
late vessels when they are encountered, but not in advance.

Most urologists do not perform HoLEP because it is a techni-
cally difficult procedure with a steep learning curve. Further-
more, there is an additional learning curve during transition
from small to moderate glands to a larger prostate [3]. Bloodless
removal of prostatic adenomas may overcome the steep learning
curve for beginners or surgeons without proper training and ex-
perience. Understanding the distribution of vessels and predict-
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ing the location of bleeders facilitate excellent hemostasis. The
shift from open to endoscopic surgery presents a completely
new experience for surgeons in terms of the view of the surgical
anatomy, and thus requires acquiring new anatomical knowl-
edge besides learning the new operative procedure [17].

We found that the prostate volume is associated with the
number of bleeders. Larger prostates have an increased surface
area of the prostatic capsule and need more blood supply with
increased vascular density. Achieving hemostasis is more chal-
lenging in patients with larger prostates despite the hemostatic
efficiency of the laser [6]. Shah et al. [18] reported that the de-
crease in hemoglobin level after HOLEP was greater in patients
with a large prostate than in those with a smaller prostate. Intra-
operative bleeding, which results in higher transfusion rates,
represents a clinically significant adverse outcome that is pro-
portional to prostate volume during open prostatectomy [19].
Robot-assisted laparoscopic prostatectomy has also been report-
ed to result in significantly greater estimated blood loss and
transfusion rates in patients with large prostates, especially >75
¢ [20]. However, the number of bleeders was not correlated with
the PSA level, and we did not discover any difference in artery
distribution according to prostate volume. Although there is a
previous report about the impact of prostate cancer on hemosta-
sis [21], preoperative biopsy and postoperative pathologic find-
ings were not significantly associated with the number and dis-
tribution of the bleeders in our study.

In our study, no pronounced advantages of using 5-ARIs for
bleeding vessels were found. Several studies involving the use of
5-ARIs have shown decreased prostatic bleeding in patients with
BPH and those undergoing BPH-related surgery [22]. Decreased
prostatic bleeding is caused directly by decreasing intraprostatic
5-a-dihydrotestosterone levels, which in turn results in de-
creased stromal cell hypertrophy, suburethral vascular endothe-
lial growth factor expression, and angiogenesis [23]. Some re-
ports suggested that 5-ARIs may only affect microvessel density
[22,23] and vascular endothelial growth factor expression [24] at
the suburethral level, but not at the hyperplastic prostate level.
The 5-ARIs may have little effect on significant bleeding vessels
because these drugs only decrease microvessel density in the
suburethral region, with little if any effect on the deeper hyper-
plastic prostate tissues [25]. The grossly visible perforating creep-
ing vessels that bleed during dissection of adenomas cannot be
significantly reduced with 5-ARI use alone.

The major strengths of this study include the prospective data
collection, the performance of all operations by a single surgeon
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who is already skilled in HoLEP, and the consecutive enrollment
of the patients. One of the limitations of this study is that the de-
sign was retrospective; however, the use of video reviews repre-
sents an advantage. We did not intentionally coagulate vessels at
specific sites; thus, the impact of significant bleeders could be de-
termined. Another limitation of this study was the possibility of
incorrectly determining the direction and level of the bleeders.
The location of the bleeders was marked according to the subjec-
tive judgment of the reviewer; however, the effect was thought to
be minimal because the two reviewers are sufficiently experi-
enced. In addition, the two reviewers double-checked the loca-
tions and grades of the bleeders. In case of disagreements, a con-
sensus was reached after a discussion between the two reviewers.

In conclusion, the most common locations of significant
bleeders during HoLEP are the 3-4 and 8-9 oclock positions in
the proximal prostate. A cautious approach to these locations
can help predict arterial bleeders and facilitate hemostasis. Pros-
tatic volume is the most significant risk factor for predicting the
number of arterial bleeders. Therefore, while performing Ho-
LEP, especially in larger adenomas, careful manipulation is nec-
essary when approaching the capsular plane of the proximal
prostate.
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