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Combination of Thulium Laser Incision and Bipolar Resection Offers Higher Resection Velocity than 
Bipolar Resection Alone in Large Prostates

Kuan Chun Huang1, Yung Chiong Chow1,2,4* , Marcelo Chen1,2,4 Allen W. Chiu1,2,3

Purpose: We compared the efficacy and safety of a combined thulium laser incision and bipolar resection of pros-
tate technique (web procedure) with traditional bipolar TURP.

Materials and Methods: We reviewed the medical records of 96 web procedure, 93 traditional bipolar TURP 
patients between 2013 and 2016. The web procedure consisted of thulium laser incision of the prostate at 3, 5, 7, 9 
and 12 o’clock positions up to the resection plane and subsequent bipolar resection of the created prostate blocks.  
Resected tissue weight, operative time, resection velocity, complications, blood loss, and early operative outcome 
were compared.

Result: No significant differences were noted among the web procedure (web group) and traditional bipolar TURP 
in preoperative PSA ( 6.3 vs 8.7 ng/mL, P = 0.295), preoperative postvoid residual urine (55.1 vs 76.4, P = .056), 
modified hemoglobin decrease (defined as total Hb decrease divided by the weight of the resected tissue: 0.060 
vs 0.051, P = .380), complication rate (5.2% vs 5.3 %, P =.958), hospitalization (4.0 vs 4.2 days, P = .120) and 
catheterization (2.5 vs 3.4, P = .066). The resection velocity was higher in the web group (0.23 vs 0.17 g/ min, P 
= .001). In subgroup analysis, the significant difference of resection velocity between two group was showed in 
large prostates (> 40 g: 0.25 vs 0.20 g/min, P = 0.02 ) but not in the small prostate group. There was no difference 
in postoperative postvoid residual urine (21.9 vs 30.3 P =.231) and postvoid residual urine decrease (33.1 vs 45.5, 
P = .167) 2 months after surgery.

Conclusion: The combination thulium laser incision and bipolar TURP technique had a higher resection efficiency 
and comparable efficacy and safety than traditional bipolar TURP.
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INTRODUCTION

Transurethral resection of the prostate (TURP) has 
been the gold standard for benign prostatic obstruc-

tion (BPO) for decades. Compared with traditional mo-
nopolar TURP, bipolar TURP has comparable efficacy 
in improving voiding parameters(1,2). Bipolar TURP al-
lows for a longer operative time to resect a larger pros-
tate due to the high quality of hemostasis and a low risk 
of TURP syndrome (TURPS)(1-3). The thulium laser is 
one of the novel technologies used for endoscopic pros-
tatectomy. First used in prostatic surgery in 2005 by Xia 
et al., the features of continuous and visible release of 
energy allow for both excellent instant vaporization and 
precise resection(4). Various thulium laser techniques 
have been documented, including thulium laser resec-
tion of the prostate (TmLRP) and thulium laser vapore-
section of the prostate (TmVRP), referring to elimi-
nation of prostatic adenoma by resecting it into small 
chips. These techniques have been shown to have com-
parable clinical outcomes and similar improvements in 
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voiding parameters with a lower transfusion rate and 
shorter catheter and hospitalization time compared 
with monopolar TURP(4-6). Tm:YAG vapoenuclea-
tion (TmVEP) and Tm:YAG laser enucleation of the 
prostate (TmLEP) have been shown to be more efficient 
for large prostates as they can resect the adenoma into 
large pieces which can then be evacuated with a mor-
cellator(1,7). Previous studies have compared the differ-
ent laser technologies as well as TURP, and shown that 
TmVEP has better adenoma retrieval volume and effi-
ciency than TmVRP and TURP with similar urodynam-
ic results after surgery(3-5). However, bladder injury due 
to morcellation can be a serious concern in TmVEP(2). 
One meta-analysis study also showed that thulium laser 
technology involves a longer operative time compared 
with bipolar TURP(5). Different endoscopic resection 
technologies have their own advantages. A previous 
study combining thulium laser and bipolar resection 
had good outcomes, but the case number was small(8). 
Therefore, to investigate the advantages of a thulium 
laser combined with bipolar TURP (web procedure), 
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we conducted this study to investigate its efficacy and 
perioperative outcomes in endoscopic prostatic surgery 
in our institution.

PATIENTS AND METHODS
Patients
A total of 189 patients who underwent a first endoscopic 
prostatic surgery were enrolled from 2013 to 2016. Pa-
tients who received surgery other than prostate resection 
at the same time such as transrectal ultrasound-guided 
biopsy or endoscopic cystolithotripsy were excluded. 
Ninety-six patients underwent web procedures (web 
group), and 93 patients underwent traditional bipolar 
TURP (TURP group). Patients who could afford to pay 
for the laser procedure out-of-pocket or had private in-
surance underwent the web procedure, and the rest of the 
patients underwent bipolar TURP. All of the procedures 
in both groups were carried out by a single experienced 
surgeon. All of the patients were candidates for surgery 
due to BPO with no improvements after treatment with 
medications. The prostate volume, prostate-specific an-
tigen (PSA), and postvoid residual urine (PVR) were 
measured in all patients preoperatively. Perioperative 
outcomes including total operative time, resected pros-
tatic tissue weight, decrease in modified hemoglobin 
(Hb) (Defined as total Hb decrease per resected tissue 
weight; total Hb decrease was determined by the differ-

ence of postoperative Hb and preoperative Hb values 
) after surgery and complications were recorded using 
Clavien-Dindo classification(9). The resection velocity 
(resected prostatic volume/operative time [g/min]) was 
calculated. The resected prostatic volume was defined 
as the retrieved prostate chip weight measured by elec-
tronic scales. The operative time was defined as the 
time from start of cystoscopy to Foley insertion after 
complete resection. The postoperative PVR was also 
assessed 2 months after surgery as an early outcome to 
access the efficacy of the procedure.
Ethics
This study was approved by the institutional re-
view board (IRB) of our institution. ( IRB number: 
17MMHIS174e)
Surgical techniques 
Web procedures were carried out using the combination 
of a thulium laser fiber for incision (mapping) (Vela® 
XL, Starmedtec, Starnberg, Germany) and a bipolar 
cutting loop (Olympus TURis system, Olympus Amer-
ica, Melville, NY) for resection (cutting) (Figure 1). 
This technique involved two steps: mapping and cut-
ting. The initial incision was made from the bladder 
neck to the front of the verumontanum with the laser 
fiber at 3 o’clock (Figure 1A). Another incision line 
was made at 5 o’clock to distally connect with the line 
at 3 o’clock in front of the verumontanum. The ade-

     Web group (n=96) TURP group (n=93) P value

Mean Age (range)    72.1 yrs (50-94 yrs) 71.8 yrs (41-92 yrs) 0.824
Preoperative PSA (ng/ml)   6.3 ± 7.3  8.7 ± 20.7  0.295
Prostate size (g)    56.6 ± 27.6  42.1 ± 16.3  < 0.001
Preoperative PVR (ml)   55.1 ± 40.5  76.4 ± 62.1  0.056
   

Table 1. Patients characteristics and preoperative parameters

Note. Data presented as mean values ± standard deviation; TURP= Transurethral
resection of the prostate; PVR= postvoid residual urine

Figure 1. Web procedure. (A) Initial incision line was made at the 3 o’clock position. (B) Another incision line was made at the 5 o’clock position. 
(C) The 3 and 5 o’clock incisions were joined near the capsule and the block was vaporesected up to the bladder neck without breaking the connection 
between the adenoma and bladder neck (black arrowhead). (D) The same procedure was repeated on the other side in the 7 and 9 o’clock positions. (E) 
An incision was made at the 12 o’clock position, and the blocks created between 9 to 3 o’clock were also vaporesected up to the bladder neck. (F) The 
median lobe was vaporesected in a similar fashion by joining the 5 and 7 o’clock incisions. (G) Bipolar resectoscope was used to resect the blocks into 
chips
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noma was detached from the resection plane near the 
prostatic capsule using vaporesection in a retrograde di-
rection to the bladder neck without breaking the bladder 
neck connection (Figure 1C). We used 80 W for the 
incision and 20 W for hemostasis. The same surgical 
mapping was made on the other side from 7 to 9 o’clock 
(Figure 1D). A 12 o’clock incision line was made to 
separate bilateral lateral lobes (Figure 1E). Vapore-
section of prostatic tissue at 6 o’clock in front of the 
verumontanum was then performed to the bladder neck 
in order to isolate the median lobe (Figure 1F). At the 
end of the mapping, five radial surgical lines were made 
on the prostate similar to the pattern of a web. Blocks 
of prostatic adenoma were then lifted between each of 
the incision lines with each prostate adenoma still at-
tached to the bladder neck so that the circumferential 
resection plane proximal to the verumontanum could 
be clearly identified. (Figure 1G). The remaining pros-
tate adenoma was then resected with the bipolar cutting 
loop, and prostatic chips were evacuated using an Ellik 
bladder evacuator. Compared with the traditional 3 lobe 
resection technique which starts at 5 and 7 o'clock(10), 
we chose 3 and 9 o'clock to identify the resection plane 
rather than 6 o'clock, as this may prevent subtrigonal 
perforation, especially in prostates with a large median 
lobe(11). Once the resection plane has been identified, 
resection of the remaining adenoma using the bipolar 
cutting loop can be performed without concerns of cap-
sular perforation and thus may improve the efficiency 
of the resection. Bipolar TURP procedures were per-
formed using the bipolar cutting loop (Olympus TURis 
system, Olympus America, Melville, NY). The cutting 
power setting was 180 W, and the coagulating setting 
was 80 W. The adenoma was resected piece by piece 
according to standard procedures. 
Statistical analysis
Independent t-test was used to compare means between 
two samples, and Chi-square test was used to compare 
proportions. Data were analyzed using MedCalc Statis-
tical Software version 17.9.5 (MedCalc Software bvba, 
Ostend, Belgium). A two-sided p value of less than 0.05 
was considered to be statistically significant.

RESULTS
The preoperative baseline parameters of the patients are 
summarized in Table 1. The prostate size was signifi-
cantly larger in the web group, however there were no 
significant differences in preoperative PSA and preop-
erative PVR between the two groups. The periopera-
tive and early postoperative outcomes are shown in 

Table 2. There were no significant differences in the 
decrease in modified hemoglobin, overall complica-
tion rate, hospitalization, catheterization, postoperative 
PVR and decrease in PVR between the two groups. 
The operative time was shorter and the resection tissue 
weight was larger in the web group compared with the 
TURP group. As data on postoperative prostate volume 
were lacking, the amount of vaporized tissue could not 
be calculated. We also ignored the trivial time of El-
lik evacuation. The resection velocity in the web group 
was significantly higher than in the TURP group de-
spite the lack of data on vaporized tissue volume. To 
adjust for the effect of prostate size on resection veloc-
ity, we used the 40 g of the prostate size as a cutoff 
for subgroup analysis. Subgroup analysis showed that 
in smaller prostates (< 40g), resection velocity was 0.18 
± 0.08 g/min in the web group and 0.14 ± 0.06 g/min in 
the bipolar group (p = .053), and in larger prostates (> 
40g), resection velocity was 0.25 ± 0.14 g/min in the 
web group and 0.20 ± 0.09 g/min in the bipolar group 
(P = .02). The significantly higher resection velocity 
was found in web group particularly in the prostate size 
larger than 40 g. We also analyzed the correlation be-
tween resection velocity and prostate volume (Figure 
2). There was a positive correlation between resection 
velocity and prostate volume in each group, however 
the web group had a higher correlation coefficient than 
the TURP group. This indicated that the web group had 
a significantly higher efficiency with larger prostates 
than the TURP group. Table 3 shows the complications 
according to the Clavien-Dindo classification system. 
Eight patients (five in the web group and three in the 
TURP group) had blood clot retention and required 
urinary bladder irrigation without anesthesia. None of 
the patients required a blood transfusion after surgery. 
One patient had a postoperative urinary tract infection 
and one patient suffered from pneumonia in the TURP 
group. None of the patients had Clavien grade IIIb, IV 
or V complications. There was no significant difference 
in complications between the two groups.

DISCUSSION
Monopolar TURP is still the gold standard for BPO, 
however it is associated with a high immediate mor-
bidity rate of up to 11.1%(1,12), with the most common 
complications being bleeding, TURPS, and blood clot 
retention(12). Bipolar TURP is an alternative technique 
which can be performed using normal saline, enabling 
a longer operative time for resection of larger prostates, 
and decreasing the risk of TURPS(12). The latest tech-

    Web group (n = 96) TURP group (n = 93)  P value

Operative time (min)   67.3 ± 24.4  73.3 ± 25.1   0.094
Resected tissue weight (g)  16.7 ± 14.5  13.2 ± 9.5   0.051
Resection velocity (g/min)  0.23 ± 0.13  0.17 ± 0.08   0.001
Total Hb decrease (g/dl)  0.61 ± 0.59  0.45 ± 0.53   0.049
Modified Hb decrease   0.060 ± 0.078  0.051 ± 0.071   0.380
Catheterization (days)   2.5 ± 2.0  3.4 ± 4.2   0.066
Hospitalization  (days)   4.0 ± 0.4  4.2 ± 1.5   0.120
Complication rate   5.2%  5.3 %   0.958
Postoperative PVR(ml)  21.9 ± 21.7  30.3 ± 30.6   0.231
PVR decrease (ml)   33.1 ± 38.2  45.5 ± 60.5   0.167

Table 2. Perioperative outcomes and early postoperative outcomes

Note. Data presented as mean values ± standard deviation; Hb=hemoglobin; Modified Hb decrease = total Hb decrease / the resected tissue weight; 
Resection velocity = resected tissue weight / operative time; PVR= postvoid residual urine; PVR decrease = preoperative PVR-postoperative PVR 
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niques involve laser technology. Greenlight laser pho-
toselective vaporization (PVP) has been shown to be 
feasible in small-sized prostates with comparable out-
comes with regards to urodynamic improvement, with 
a higher quality of hemostasis but higher retreatment 
rate in patients with larger prostates compared with 
TURP(13-16). Holmium laser enucleation of the prostate 
(HoLEP) was first described by Gilling et al. in 1998 
and was a breakthrough in laser technology(17). As it 
involves the use of a morcellator, it has high efficien-
cy for large-volume prostates. A previous meta-analy-
sis reported that HoLEP had favorable outcomes with 
regards to improvements in urodynamic parameters, 
shorter catheterization time and hospital stay compared 
with TURP(13,18). Thulium lasers were first introduced 
in 2005 for BPO surgery(4). Similar to holmium lasers, 
thulium lasers have comparable energy absorption 
in soft tissue and water, allowing for excellent tissue 
vaporization with minimal thermal injury to the sur-
rounding tissue(5). The wavelength of a thulium laser is 
between 1.75 and 2.22 μm with a penetration depth of 
0.25 mm, with the characteristics of continuous-wave 
output allowing for precise incision and resection of 
tissue(1,19). TmVRP has been used in the endoscopic 
treatment of BPH, and shown similar clinical outcomes 
and improvements with regards to urodynamic parame-
ters with reduced morbidity compared with monopolar 
TURP(13,20). TmVEP and TmLEP have been increasing-
ly used for BPH endoscopic surgery due to the benefits 
of efficient tissue reduction and low morbidity rate, par-
ticularly with larger prostates(7,14). TmVRP is performed 
in a similar manner to TURP, in which the adenoma is 
resected into strips. Compared with TmVEP, a previous 
non-randomized controlled trial reported that TmVRP 
had lower efficiency in reducing tissue(21). Although 
TmVEP has been reported to have a higher resection 
efficiency compared with TmVRP, the complications 
of morcellation and enucleation including bladder wall 
injury and capsular perforation have also been report-
ed(11,22-25). To combine the advantages of TURP and 
TmVEP and to eliminate the drawbacks of both, we 
introduced this technique using a thulium laser for inci-
sion combined with a bipolar TURP cutting loop for re-
section in BPH endoscopic surgery. Our data showed a 
higher resection velocity compared with bipolar TURP 
with equivalent early postoperative outcomes. Making 
an incision using the laser fiber to identify the resection 
plane was safe and efficient. Intraoperative bleeding 
may interfere with the efficiency of endoscopic prosta-
tectomy due to the poor visualization under endoscope. 
The preoperative use of 5 alpha reductase inhibitor may 
decrease the intraoperative bleeding of prostate and 
facilitate the operation(26). Laser technology is anoth-
er method with the potential advantage in decreasing 
intraoperative bleeding. Concentrating energy on the 

prostate tissue surface not only allows for instant va-
porization but also coagulation of the microvessels of 
the prostate leading to excellent hemostasis(19). Laser 
mapping of the resection plane also has the potential 
benefit of blocking the main branches of blood supply 
to the prostate, namely the anterior lateral branches 
at 2 and 10 o'clock and posterior lateral branches at 5 
and 7 o'clock(11). At the end of mapping, almost com-
plete devascularization of the adenoma can be achieved 
for resection(11). Due to the relatively small size of the 
prostate volume in the TURP group, we used modified 
Hb decrease to evaluate perioperative blood loss rather 
than absolute Hb decrease to adjust for the effect of the 
prostate size. However, compared with the web group, 
the TURP group showed no increased risk of bleeding 
based on no significant difference in modified Hb de-
crease and postoperative bladder irrigation. None of our 
patients required a blood transfusion after surgery. This 
may be due to improvements in video equipment for 
endoscopic surgery which provides a clear visual field 
for instant hemostasis. However, coagulation for hemo-
stasis increases the operative time which may decrease 
the resection velocity. We believe that the lower coagu-
lation time in the web group compared with the TURP 
group improved the efficiency of the resection. In this 
study, the mean of resection velocity in web group was 
0.23 g/min, which was significantly higher than in the 
TURP group. In subgroup analysis, the resection ve-
locity in web group was even higher in large prostates 
(0.25 g/min). However, our method for calculating the 
tissue resection velocity is different from some previ-
ous studies. We used the resected tissue/total operative 
time to assess resection efficiency instead of (resected 
tissue + vaporized tissue)/laser time(21). Therefore, our 
resection velocity was generally lower than that report-
ed in previous studies. In subgroup analysis, the sig-
nificant difference of resection velocity between two 
group was showed in large prostates (> 40 g) but not in 
the small prostate group. We also analyzed the corre-
lation between resection velocity and prostate volume, 
and found that the web group had a higher correlation 
coefficient than the TURP group (0.4978 vs. 0.2392). 
This results indicates the potential advantage of pro-
cessing large prostates using the web procedure. Shih 
et al. reported the oyster method using a diode laser 
to enucleate adenoma from the prostate capsule (as in 
detaching an oyster from a shell) and a bipolar cutting 
loop to resect the remaining adenoma in prostates with 
a volume larger than 80 ml, and showed the procedure 
to be effective and safe(11). Xie et al. performed a similar 
technique with bipolar TURP combined with a thulium 
laser for prostates with a volume larger than 80 ml, and 
showed better outcomes than TURP alone in surgical 
duration, hemostasis, resection efficiency and recov-
ery[8]. TmVEP has been reported to have benefits with 

     Web procedure (n=96) TURP  Group (n=93) P value

Overall complications    5 (5.2%)  5 (5.3%)  0.958
 
Grade II        
 -UTI    -  1 (1%)  0.308
 -Pneumonia     -  1 (1%)  0.308
Grade IIIa     
 -Delayed bleeding with blood clot retention 5 (5.2%)  3 (3.2%)  0.498

Table 3. Complication according to the Clavien-Dindo Classification
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larger prostates due to the larger amount of resected tis-
sue volume in a single operation compared with bipolar 
TURP(13,14). TmVEP has also been shown to increase the 
resection velocity in larger prostates(14). However, due 
to the steep learning curve of TmVEP, some compli-
cations can be expected in at least the first 50 cases(27). 
Instead of an enucleation technique, we used deep va-
poresection to create a huge adenoma block. The skill 
of enucleation involves the use of the beak of a resecto-
scope to dissect the adenoma from the prostate capsule. 
The difficult parts of enucleation include identifying the 
surgical plane between the adenoma and prostate cap-
sule and maintaining one plane without capsular per-
foration during the whole procedure(28). Although this 
technique allows for maximum adenoma resection, it 
can result in a prolonged operative time with a single 
procedure and capsular perforation, particularly with 
large prostates(11,28). Furthermore, due to the use of blunt 
dissection in enucleation, the advantage of instant coag-
ulation of microvessels by a laser may be less effective. 
In the web procedure, we identified the resection plane 
near the prostate capsule using vaporesection rather 
than blunt dissection, which may allow for the preser-
vation of minimal adenoma on the prostate capsule as 
a “safe margin” without a retrograde “pushing” move-
ment by the beak of the resectoscope. None of our cases 
had prostate capsule perforation.
Superficial bladder wall injuries caused by a morcel-
lator have been reported in 1.3-6.6% of cases(5,11,29). To 
avoid the use of a morcellator, we preserved the con-
nection between the remaining adenoma and bladder 
neck at the end of mapping rather than resect it as a 
huge adenoma in order to resect the lifted adenoma 
using the bipolar cutting loop into TUR-like pros-
tate chips. TmVRP has also been performed to resect 
the prostate into chips small enough to be evacuated 
through a resectoscope sheath, which can also avoid the 
use of a morcellator(6). However, one previous study re-
ported that TmVRP was significantly less efficient than 
TmVEP(21), and a meta-analysis reported that its effi-
ciency was even lower than bipolar TURP(30). The web 
procedure seems to combine the two advantages of high 
efficiency and avoiding morcellation. Although the web 
group appeared to have shorter duration of hospitaliza-
tion and catheterization compared with TURP group, it 
did not reach statistical significance. This may be be-
cause the National Health Insurance program in Taiwan 
combines all prostate endoscopic surgery into the same 
package of payment (diagnosis related group), thus the 
clinical course of each group was similar. 
There are several limitations to this study. The non-ran-
domized design may have resulted in selection bias. Al-
though it was not the absolute indications, the patients 
with larger prostates and those receiving anticoagulants 
tend to be candidates for laser surgery according to the 
European Association of Urology guidelines(13). Sec-
ond, this study is retrospective. Third, urodynamic eval-
uations were less comprehensive because we only used 
post-void residual urine volume as an index of voiding 
improvement, and we did not evaluate the International 
Prostate Symptom Score (IPSS) or maximum flow rate 
(Qmax) postoperatively. Fourth, we only focused on 
perioperative and early postoperative outcomes due to 
the limited duration of follow-up. Future studies should 
focus on comprehensive urodynamic parameters as well 
as long-term complications including urethral stricture, 

bladder neck contracture, incontinence and erectile dys-
function and retreatment rate.

CONCLUSIONS
The combination of thulium laser incision and bipolar 
TURP technique had a higher resection efficiency and 
comparable efficacy and safety than traditional bipolar 
TURP especially in the patient with large prostate size 
(> 40 g). Future studies should focus on the details of 
improving urodynamics and long-term outcomes.
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