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a b s t r a c t

Purpose: To analyze the outcomes of thulium vapoenucleation of the prostate (ThuVEP) in the man-
agement of benign prostatic hyperplasia. The outcomes of this increasingly popular procedure are yet to
be confirmed in patients with various prostate sizes and health status.
Materials and methods: Three hundred and three patients who underwent ThuVEP were included and
stratified in subgroups according to prostate size and age. We analyzed patient demographics, preop-
erative disease-related parameters, and perioperative and follow-up results. Correlation of prostate size
and operation time were also assessed.
Results: Baseline mean prostate volume was 61.0 mL (range 19.3e226 mL), mean urinary peak flow rate
(Qmax) was 8.6 mL/second (range 1.4e23.25 mL/second), mean postvoid residual volume was 126.2 mL
(range 0e649 mL) and mean International Prostate Symptom Score was 25.1 (range 8e35). The mean
operation time was 84.0 minutes and 88.6 minutes for total and prostate volume >80 mL, respectively.
After laser surgery, there were mean reductions of 5.3 ng/mL, 7.5 ng/mL, 3.7 ng/mL, and 3.5 ng/mL (38.0%,
49.7%, 30.3%, and 36.5% change from baseline) in prostate-specific antigen level among the four groups.
As for postvoid residual volume, there was a significant reduction in volume in the total, prostate volume
>80 mL and prostate volume <80 mL (�73.9 mL, �70.8 mL, and �67 mL, respectively) but not in the
elderly group (�31.4 mL, p ¼ 0.068). Similarly, Qmax improved significantly in all (6.7 mL/second, 5.9 mL/
second, and 6.0 mL/second, respectively) except the elderly group (2.3 mL/second, p ¼ 0.103). The
operation time was highly correlated with the prostate size.
Conclusion: This study indicates that ThuVEP is an effective treatment option for benign prostatic
obstruction in patients with different prostate size and age. The technique allows an efficient surgical
course with operation time highly correlated with prostate size.
Copyright © 2016, Taiwan Urological Association. Published by Elsevier Taiwan LLC. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Conventional transurethral resection of the prostate (TURP) has
been the standard treatment to alleviate bladder outlet obstruction
caused by benign prostate hyperplasia (BPH) for several decades
because of its established long-term efficacy. However, the short-
term postsurgical morbidity usually imposes a significant burden
and stress on this group of elderly patients.1

Laser prostatectomy has been used in the treatment of symp-
tomatic BPH for nearly two decades. Promising results by using a
range of lasers with different wavelengths, absorption rate, power
capacities, and mode of action have been published. All of them
demonstrated similar postoperative outcomes to TURP, with fewer
complications and less blood loss. Although there are similarities
between laser wavelengths and surgical approaches, different tis-
sue interaction makes it necessary for surgeons to be aware of the
existing variations to safely use the laser to achieve the desired
outcomes. In principle, laser beams with low tissue absorption
coefficient penetrate deeper, whereas a high absorption coefficient
offers shallow penetration.

Among all the emerging laser techniques, the introduction of
thulium vapoenucleation of the prostate (ThuVEP) has gained high
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acceptance and become another alternative therapeutic option.
Thulium is a metal that serves as the medium to emit a laser with a
wavelength of 2013 nm, allowing it to match with the 1920 nm
water absorption peak in tissue. Its high absorption coefficient re-
sults in shallow penetration of <0.4 mm that offers more precise
incision ability to minimize deep tissue and nerve damage. With
less heat release than other lasers, it has the advantage of rapid
vaporization and coagulation. On top of these advances, enucle-
ation makes rapid removal of the vast majority of the adenomas
possible with minimal regrowth expected. Additionally, enucle-
ation can reserve incised tissue for pathological testing.

After the introduction of various endoscopic laser techniques in
our center since early 2000, Lee et al2 published the results of 245
patients receiving thulium laser, and the functional outcomes were
excellent with a low rate of postoperative complications. Currently,
an increasing number of patients with different health background
and disease status have been accumulated. We revisited the patient
data and stratified them into subgroups for further in-depth anal-
ysis of the outcome of this technique in the alleviation of BPH
symptoms, to generate an updated reference and evidence-based
information for the evolving techniques.

2. Materials and methods

Between August 2006 and April 2015, data were collected and
analyzed fromall patientswhounderwent ThuVEP in a single center
in Taiwan. The chart numbers of patients who underwent ThuVEP
were retrospectively extracted from the institutemedical records by
linking the International Classification of Diseases (ICD) codes with
the procedure codes. The associated clinical, laboratory, disease
status and perioperative information of each chart number were
then reviewedmanually. Patients who had baseline data missing or
confirmed diagnosis of cancer were subsequently excluded.

Baseline clinical and laboratory characteristics included pa-
tients' age, prostate-specific antigen (PSA) level, prostate size as
measured by transurethral ultrasound (TRUS), urinary peak flow
rate (Qmax), postvoid residual urine volume (PVR), and Interna-
tional Prostate Symptom Score (IPSS) were collected.

The ThuVEP procedureswere performed by a single experienced
urology surgeon. Using 2-mm continuous wave emitting end-firing
fibers, the procedurewas carried out as described previously.3 After
the resectoscope was placed in the urethra at the distal resection
border close to the prostatic apex, careful mechanical incisions
from the bladder neck were carried out at 5 o'clock and 7 o'clock
directions toward the verumontanum. A third incision was then
made from the bladder neck to the level of verumontanum in the 12
o'clock direction, and the separated median lobe was enucleated.
Bymoving clockwise for the right lateral lobe and counterclockwise
for the left lateral lobe, the two lateral lobes were similarly
enucleated along the capsule. The enucleated tissues were flipped
toward the bladder. The adenomas were morcellated with a me-
chanical tissue morcellator and removed from the bladder for
routine pathological examination. Residual apical tissue was
vaporized as needed using the vaporizing mode. At the end of the
procedures, a urethral catheter was routinely inserted into the
bladder and irrigation started with normal saline until hematuria
subsided. Patients were discharged after confirming that bleeding
had subsided and voiding pattern returned to normal after removal
of the catheter.

Perioperative parameters including operation time, and post-
operative PSA, Qmax, PVR, and IPSS were collected accordingly. The
records within 3 months after surgery and the latest record were
used for outcome analysis. However, the postoperative TRUS and
IPSS data for most patients were missing as these were not
mandatory measurements in normal practice.

The data are presented as mean ± standard deviation, range,
absolute change, and percentage change from baseline. All analyses
were performedwith a commercial statistical calculator. Two-sided
p < 0.05 was regarded as statistically significant. Analysis of vari-
ance was used to compare subgroup data sets. One sample t test
was used for pre- and postoperative comparison. A correlation
coefficient was calculated to check the correlation between TRUS
volume and operation time.

3. Results

From the overall cohort of 309 patient records, 303 records of
patients with symptomatic BPH who underwent ThuVEP were
retrieved after excluding six cases with confirmed diagnosis of
prostate cancer. Among them, 121 patients had a prostate size
>80 mL as measured by TRUS. Thrity-eight patients (12.5%) were
aged >80 years at the time of surgery.

The baseline characteristics of all study patients and subgroups
are shown in Table 1. The mean age (70.1 y) and mean prostate size
(61.0 mL) of our study cohort were similar to those reported in
previous studies, but the Qmax, PVR, and IPSS varied widely among
different study groups.4,5

Between the TRUS >80 mL and TRUS <80 mL subgroups, there
was a significant difference in PSA level (10.8 vs. 8.0 ng/mL,
p ¼ 0.031) but no significant difference in Qmax, PVR or IPSS at
baseline between the groups. Patients with larger prostate size did
not seem to have more serious obstructive symptoms and greater
urine retention than patients with smaller prostate.

As for the elderly subgroup (>80 y), all the baseline parameters,
including PSA level, Qmax, PVR, and IPSS did not differ significantly
with the overall patient population.

The perioperative and follow-up data are depicted in Table 2.
Among the four groups, the operation time was significantly longer
in the TRUS >80 mL group compared to the TRUS <80 mL group
(88.6 min vs. 80.9 min, p ¼ 0.018).

The decrease in PSA level from baseline in all four groups (Total,
TRUS >80 mL, TRUS <80 mL and age >80 y) was significant

Table 1
Baseline characteristics, stratified by prostate size and age.

Characteristics Total TRUS >80 mL TRUS <80 mL Age >80 y

Patient, n (%) 303 (100.0) 121 (39.9) 182 (60.1) 38 (12.5)
Age (y),
mean (SD) 70.1 (7.9) 70.5 (7.9) 69.8 (7.9) 82.8 (2.4)**

PSA (ng/mL)
Mean (SD) 9.1 (12.2) 10.8 (13.9) 8.0 (8.6)* 8.4 (6.1)
Range 0.34e106.53 0.34e106.53 0.58e95.5 1.1e29.4

TRUS (mL)
Mean (SD) 61.0 (28.8) 106.4 (28.2) 51.8 (15.1)** 67.2 (27.8)
Range 19.3e226 80.9e226 19.3e79.7 26.4e123.9

Qmax (mL/s)
Mean (SD) 8.6 (4.3) 8.5 (4.4) 8.6 (4.3) 8.6 (4.3)
Range 1.4e23.2 2.0e20.0 1.4e23.2 2.0e22.0

PVR (mL)
Mean (SD) 126.2 (131.6) 119.8 (117.0) 130.0 (140.0) 123.8 (134.4)
Range 0e649 0e506 0e649 5e540

IPSS
Mean (SD) 25.1 (4.7) 24.9 (5.2) 25.1 (4.7) 24.9 (5.0)
Range 8e35 8e34 10e35 17e34

*Significant difference in PSA, p ¼ 0.031 between TRUS >80 mL versus TRUS <80 mL
group.
**Significant difference in TRUS volume, p < 0.001 between TRUS >80 mL versus
TRUS <80 mL group; significant difference in age, p < 0.001 between age >80 years
versus total.
IPSS ¼ International Prostate Symptom Score; PSA ¼ prostate-specific antigen;
PVR ¼ postvoid residual volume; Qmax ¼ urinary peak flow rate; SD ¼ standard
deviation; TRUS ¼ transrectal ultrasound.
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