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A prospective study comparing side-firing KTP laser 
enucleation vs bipolar transurethral resection of bladder 
tumor for small bladder tumors in an outpatient setting
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Introduction Laser therapy provides an alternative option for treating non-muscle-invasive bladder 
cancer. The clinical evidence for potassium-titanyl-phosphate (KTP) laser en bloc resection is still limited. 
Here, we evaluated the efficacy, safety profile, and outcomes of side-firing KTP laser enucleation with 
bipolar transurethral resection of bladder tumor (TURBT) in carefully selected patients with small blad-
der tumors in an office setting.
Material and methods A total of 83 patients with small bladder tumors were treated with either side-
firing KTP laser enucleation (Group A; n = 40) or bipolar TURBT (Group B; n = 43). Intraoperative and 
postoperative parameters of interest were recorded and analyzed as per the study so as to evaluate the 
efficacy, safety profile, and outcome of KTP laser enucleation.
Results The mean enucleation time was 23 ±5.24 min in Group A and the mean operative time was 
21.98 ±4.77 min in Group B (p = 0.207). Group A had a lower risk of obturator reflex (0 vs 8; p = 0.005) 
and lesser amount of irrigation used intraoperatively as compared to Group B (6.2 ±0.61 L vs 7.65 ±0.75 L;  
p <0.0001). There were no perioperative complications. The recurrence rate at 6 months was none  
in Group A and 2.3% in Group B.
Conclusions The present study shows that, in patients with small bladder tumors (<3 cm), KTP laser 
enucleation is an effective and feasible alternative to bipolar TURBT in an office setting and can be carried 
out safely with comparable treatment outcomes, lesser use of irrigation fluid and lower risk of obturator 
reflex. However, further studies in larger cohorts are warranted.
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Currently the treatment of choice for superficial 
bladder tumor is transurethral resection of bladder 
tumor (TURBT). Retrieval of tissue for histologic 
evaluation is essential to the accurate staging and 
grading of bladder tumors [4]. While TURBT is still 
regarded as gold standard for the diagnosis of all 
bladder tumors and treatment of non-muscle inva-
sive bladder tumors, its effectiveness is limited by 
the quality of the resection and by the limitations  

INTRODUCTION

Bladder cancer is the 9th most common cancer and  
13th most common cause of death worldwide [1]. Smok-
ing is the most common cause of urothelial cancer and 
accounts for 60% and 30% of all urothelial cancers  
in males and females, respectively [2]. At initial pre-
sentation, nearly 80% of patients present with super-
ficial ‘non-muscle-invasive’ bladder cancers [3].
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of the technique. Consequently, TURBT is associat-
ed with high rates of tumor recurrence (50–70%) and 
under staging (34–62%) with detrusor muscle absent 
in 30 to 50% of specimens [5]. Among the various 
modifications, laser techniques have gained wide ac-
ceptance. Several studies have demonstrated the ad-
vantages of laser resection in safety and efficacy over 
TURBT. However clinical data of laser resection are 
still limited. 
Various lasers used in bladder tumor include: 
Nd:YAG, KTP (potassium-titanyl-phosphatelaser 
green light) laser and Holmium laser [6]. The use  
of a laser combined with endoscopic techniques al-
lows en bloc enucleation of small bladder tumors 
[7, 8], allowing certain advantages in terms of bet-
ter tissue yield and lower recurrence rates over con-
ventional piecemeal resection [9]. They can be per-
formed as outpatient procedures even in patients  
on anticoagulants. In contrast, an inadequate re-
section depth of the basal parts of tumors during 
TURBT to avoid bladder perforation may result  
in a higher recurrence rate [10]. In addition, it is eas-
ier to form encrustation when using electrocautery 
to stop bleeding during TURBT, which may result  
in tumor cells remaining in situ [11]. Some au-
thors also believed that the recurrence rate of laser 
treatment for bladder tumors is lower than that  
of TURBT because of an active immune effect of the 
laser techniques [12].
Presently, there is limited data comparing bipolar-
TURBT and KTP laser enucleation of bladder tu-
mor. The present study was undertaken to evaluate 
and compare the efficacy, safety profile and out-
comes of bipolar transurethral resection and KTP 
laser enucleation of bladder tumor in carefully se-
lected patients with small urinary bladder tumors  
in an outpatient setting [13].

MATERIAL AND METHODS

All patients presenting to our department with gross 
hematuria secondary to bladder mass were evaluated 
over a period of 2 years. After obtaining ethics com-
mittee approval and informed written consent, we 
included patients with primary or recurrent bladder 
tumor of size ≤3 cm in largest diameter and tumor 
number ≤3 on radiological/cystoscopic evaluation. 
Those with a history of prior irradiation, urethral 
stricture disease, double malignancy, tumor over the 
ureteric orifice and metastatic disease wereexcluded. 
All patients underwent a detailed clinical history, 
physical examination, relevant blood and urine in-
vestigations. An ultrasound of the kidney ureter 
and bladder region (KUB) was performed to assess 
the bladder mass size and location and to evaluate 

the upper tracts. Contrast enhanced computed to-
mography (CECT) of the abdomen was performed  
as and when required. Only once a diagnosis of blad-
der mass was confirmed, all patients willing to be  
a part of the study were randomized by simple ran-
domization with a sealed envelope 1:1 technique into 
Group A & Group B. Group A underwent en bloc 
resection/enucleation of bladder tumor with side fir-
ing KTP laser (120W) while bipolar TURBT was per-
formed in Group B. All procedures were performed 
in an outpatient setting under the supervision  
of an experienced anaesthesiologist.
A pre-anesthetic evaluation was carried out prior  
to the procedure. All patients were admitted on the 
day of the surgery after fasting for 4–6 hours. Fol-
lowing an informed written consent, an intrave-
nous antibiotic (3rd generation cephalosporin) was 
given followed by sedative analgesia in the lithoto-
my position. Sedation and anxiolysis was obtained 
with intravenous pentazocine (0.5 mg/kg) and pro-
methazine (1 mg/kg). Local anesthesia included in-
stillation of lignocaine jelly 2% into the urethra for  
a minimum of 10 minutes followed by infiltration  
of 1% lignocaine (100–200 mg) into the obturator 
nerve (LABAT technique) in those with lateral blad-
der wall tumor in both the groups [14].
For Group A, a continuous flow 21 Fr laser scope 
with a 30-degree lens was employed and 0.9% so-
dium chloride used as an irrigant. A 600-micron, 
side-firing laser fiber emitting green light at 532 nm  
was used and tumor tissue en bloc resection was 
performed. A circular mark was made about 1.0 cm 
away from the tumor edge using coagulation around 
the lesion initially. Adequate depth was reached until 
the underlying detrusor muscle layer was visible and 
the enucleated specimen was sent for histopathology 
en bloc (Figure 2). Group B patients underwent bipo-
lar TURBT using a 24/26 Fr continuous flow resecto-
scope with loop electrode. The base of the resection 
zone was biopsied for pathological examination sepa-
rately. On achieving complete hemostasis, 22 Fr tri-
way catheter was inserted into the bladder and con-
nected to 0.9% saline until clear effluent was seen. 
Intraoperative factors assessed were operative time, 
amount of irrigation, requirements of any blood 
transfusion and intraoperative complications such as 
bleeding, obturator nerve reflex and bladder perfora-
tion. Mitomycin-C (40 mg) was instilled intravesically 
within 6 h of surgery. Patients were discharged once 
the urine was clear after catheter removal. An oral 
antibiotic (fluoroquinolone) was given for 3 days af-
ter catheter removal. All patients were followed up  
in the department after 2 weeks with a histopathology 
report. Restaging was done whenever needed within 
2-6 weeks of primary resection as per the European 
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Association of Urology (EAU)guidelines. Intravesical 
Bacillus Calmette–Guérin (BCG) and follow-up was 
done as per 2016 American Urological Association 
(AUA)/Society of Urologic Oncology (SUO) Guideline 
Suggested Surveillance Strategies.
Primary outcome: Quality of resected specimens 
with the presence of detrusor muscle and recurrence 
at 6,12 months.
Secondary outcome: How do the two procedures 
compare in terms of perioperative outcome?

Statistical analysis

The data analysis was done using SPSS version 21.0. 
Categorical variables were presented in number and 
percentage (%) and continuous variables were pre-
sented as mean ± standard deviation (SD) or median 
[interquartile range (IQR)]. Normality of data was 
tested by Kolmogorov-Smirnov test. If the normality 
was rejected then a non-parametric test was used.
Statistical tests were applied as follows:
1. Quantitative variables were compared using in-

dependent t-test/Mann-Whitney Test (when the 

data sets were not normally distributed) between 
the two groups.

2. Qualitative variables were correlated using Chi-
Square test /Fisher’s exact test.

RESULTS

A total of 280 patients presented to our department 
with primary or recurrent bladder tumor presenting 
with hematuria and/or lower urinary tract symptoms 
over a period of 2 years. Of these, 86 patients were 
found eligible and randomized by simple randomiza-
tion with a sealed envelope 1:1 technique into Group 
A & Group B. Three patients in Group A opted out  
of the study (Figure 1). The demographic profile  
of the study population across both the groups were 
comparable, as shown in Table 1.
The mean operative time (surgical duration in min-
utes) was comparable between Group A and Group B  
(23 ±5.24 vs 21 ±4.77; p = 0.207). Group A had  
a lower rate of obturator reflex compared to Group B  
(0 vs 8; p = 0.005). Moreover, the mean intraop-
erative irrigation (in litres) was significantly lower  

Table 1. Demographic profile of the study population across both groups

Parameter Sub-parameters
Group A

(KTP enucleation)  
(n = 40)

Group B 
(Bipolar TURBT)

(n = 43)
p-value

Mean age (years) 55.62 ±12.75 56.12 ±12.11 .858

Sex Males
Females

32 (80%)
8 (20%)

30 (70%)
13 (30%) .413

Chief complaints Hematuria alone
Hematuria with LUTS
Growth on cystoscopy

22 (55 %)
14 (35%)
4 (10%)

28 (65%)
10 (23%)
5 (11%)

.499

Comorbidity No 
Yes
COPD
CAD with HTN  
CVD with HTN 
HTN only  
DM 

30 (75%)
10 (25%)
1 (10%)
3 (30%)
2 (20%)
3 (30%)
1 (10%) 

37 (86%)
6 (14%)

0
1 (16%)
1 (16%)
2 (33%)
2 (33%)

.319

Anti-coagulant Yes
No 

5 (12.5%)
35 (87.5%)

2 (4.65%)
41 (95.3%) .254

Growth number One
Two
Three

35 (87.5%)
4 (10%)

1 (2.5 %)

36 (83.7%)
5 (11.67%)
2 (4.65 %)

.839

Mean growth size (centimeters) 1.71 ±0.64 1.74 ±0.62 .819

Growth location Lateral wall
Posterior wall
Postero-lateral wall
Posterior wall and trigone
Anterior wall only
Trigone only

10 (22%)
11 (24%)
14 (30%)
5 (11%)
1 (2%)

5 (11%)

10 (19%)
12 (23%)
18 (35%)
7 (13%)
1 (2%)
4 (8%)

.943

Upper tract Hydroureteronephrosis absent
Hydroureteronephrosis present

39 (97%)
1 (3%)

42 (97.67%)
1 (3%) 1

KTP – potassium-titanyl-phosphate; TURBT – transurethral resection of bladder tumor; LUTS – lower urinary tract symptoms; COPD – chronic obstructive pulmonary disease; 
CAD – coronary artery disease; HTN – hypertension; CVD – cerebrovascular disease; DM – diabetes mellitus; n – number
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in Group A as compared with Group B (6.2 ±0.6 L 
vs 7.65 ±0.75 L; p <0.0001). However, the catheter 
duration and the mean duration of hospital stay  
(in hours) were not statistically significantly differ-
ent between these two groups (Table 2). 
In both groups, none of the patients experienced 
bladder perforation, required blood transfusion, re-
catheterization or readmission. The distribution  
of histopathology of resected tumor tissues is sum-
marized in Table 3 with no statistically significant 
difference across both groups. Presence of muscle  
in the histopathological specimen (Figure 3) was not-
ed in 22 (55%) patients in Group A and 24 (55.8%)  
in Group B and was comparable (p = .884) (Table 3). 
Recurrence was noted on follow-up cystoscopy after 
12 months in only 1 (2.32%) patient in Group B.

DISCUSSION

Superficial bladder cancers (non-muscle-invasive) 
comprise around 80% of the total bladder cancer 
patients for which TURBT currently remains the 
treatment of choice. The goal is to remove all visible 

Figure 1. CONSORT diagram of the study.

Table 2. Intraoperative and postoperative parameters in the 
two groups

Table 3. Postoperative histopathology in the two groups

Parameters Sub-parameters Group A
 (n = 40)

Group B
 (n = 43) p-value

Operative time (in minutes) 23.38 ±5.24 21.98 ±4.77 .207

Irrigation 
fluid (Litres)

Intraoperative
Postoperative

6.2 ±0.61
3.12 ±0.33

7.65 ±0.75
3.26 ±0.44

<0.0001
.131

Obturator reflex (yes) 0 8 (18%) 0.005

Histopathology Group A
 (n = 40)

Group B
 (n = 43) p-value

PUNLMP
Low-grade, LP invasion absent
Low-grade, LP invasion present
High-grade, LP invasion present
High-grade, deep muscle  
invasion present 

5 (12.5%)
17 (42.5%)
13 (32.5%)

4 (10%)
1 (2.5%)

6 (14%) 
15 (34%)

16 (37.2%)
5 (11%)

1 (2.32%)

0.971

Deep muscle present
Deep muscle absent

22 (55%)
18 (45%)

24 (55.8%)
19 (44.2%) 0.884

PUNLMP – papillary urothelial neoplasm of low malignant potential; LP – lamina 
propria
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lesions and provide viable tissues for accurate patho-
logical diagnosis [15]. Staging on TURBT specimens 
is often inaccurate due to their poor quality [16] re-
sulting from piecemeal resection of tumors and char-
ring of the resected tissues [17]. En bloc resection  
of bladder tumor was introduced so as to reduce re-
currence rates due to complete tumor removal and 
reduction of tumor dispersal [18, 19]. En bloc resec-
tion technique provides better pathological evalu-
ation for Ta and T1 tumors [20] as the detrusor 
muscle has been described to be absent in 30–50% 
of TURBT specimens at an initial resection [10, 21]. 
For this reason, en bloc enucleation was recently 
identified as a promising TURBT technique which 
can be done using aninnovative resectoscope, snare 
resection technique and various lasers.
Among various lasers, Nd:YAG, KTP and Holmium:YAG 
have been used for en bloc resection of small blad-
der tumors. Use of laser en bloc enucleation of small 
bladder tumor has allowed various advantages over 
conventional piecemeal resection, such as better tis-
sue yield, and lower recurrence and progression rates 
[21]. Lasers also achieve better haemostasis and 
thereby a good vision hence eliminating diathermy 
artefacts [22]. 
With advances in technology (like resection in saline 
and advent of lasers), the treatment procedures for 
superficial bladder cancer have become more safe 
owing to better haemostasis, less pain, shorter hospi-
talisation and catheterisation time. These properties 

are also the prerequisites to perform the procedure in 
anoutpatient setting, thus resulting in greater time 
efficiency and greater work output per day helping 
in reducing the waiting list [23]. Qubbaj et al. [24] 
reported similar results with outpatients procedures 
with the use of sedoanalgesia and concluded its safe-
ty in endourology procedures. Malik et al. [23] sug-
gested that proper selection of the patient is needed 
for success of outpatient urological procedures and 
many patients with small, low-grade recurrences 
can be managed safely in the office setting with use  
of diathermy or laser ablation. 
In this study we evaluated the efficacy, safety profile 
and outcomes of side-firing KTP laser enucleation 
with bipolar transurethral resection (TURBT) in care-
fully selected patients with small bladder tumours  
in an outpatient setting. In our study, the mean tu-
mor diameter was 1.71 ±0.64 cm in the KTP group 
and 1.74 ±0.62 cm in the TURBT group and majority 
(>70%) of the tumors were located on lateral/postero-
lateral bladder wall. These findings correlated with the 
findings of similar other studies [25, 26, 27], where the 
mean size and location of the tumor were comparable 
to our cohort. None of our patient in the KTP group 
developed obturator reflex as compared to the TURBT 
group (18%). Also, there was significantly less use  
of irrigation fluid in the KTP group. These findings 
were also consistent with the findings of other studies 
[9, 25, 26, 27] where also, none of the patients in the 
KTP laser group developed obturator reflex.

Figure 2. En bloc potassium-titanyl-phosphate laser enucleated 
specimen.

Figure 3. Histopathology showing tumor with deep muscle.
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The difference in the mean operative time (23 ±5.24 min)  
in the KTP laser group in our study was statisti-
cally not significant compared with the bipolar 
TURBT group (21 ±4.7 min) (p =. 207) similar to 
Xu et al. [27]. However ,this difference was statisti-
cally significant in studies by Chen and Cheng et al.  
[25, 26].Overall, among the histopathology of all our 
83 patients, papillary urothelial neoplasm of low ma-
lignant potential (PUNLMP) was present in 13.25%  
of the patients and low-grade and high-grade tu-
mors in other 73.5% and 13.25% patients respec-
tively. This was similar to the study by Chen et al. 
[26] where the respective figures were 12.6%,73.4% 
and 13.9%. Only two of our patients were diag-
nosed as muscle-invasive bladder cancer. The prob-
able reason of such a small number might be our 
inclusion criteria where we only included patients 
with small (<3 cm) and superficial bladder tu-
mors. Muscle miss rate in our cohort was 45% in 
both the groups and the difference was not statisti-
cally significant (p = 0.884).This is in accordance 
with the TURBT literature where TURBT is asso-
ciated with absence of detrusor in histopathology  
in 30–50% of specimen [22, 23] but not in accordance 
with KTP laser literature where Cheng et al. [26] 
noted a significantly lower muscle miss rate in the 
KTP group (2.94%). This discrepancy may be due to 

the side-firing fibre used by us or may be due to our 
learning curve. However, further external valida-
tion in larger cohorts with a longer follow-up period  
is warranted.

CONCLUSIONS

The present study shows that, in patients with 
small bladder tumors (<3 cm), KTP laser enucle-
ation is an effective and feasible alternative to bi-
polar TURBT and can be carried out safely as an 
outpatient procedure. Furthermore, the en bloc 
specimen can provide accurate assessment of tumor 
stage and is safe, associated with lower risk of obtu-
rator reflex and with smaller use of irrigation fluid. 
Tissue yield and treatment outcomes are compara-
ble to bipolar TURBT. However, more studies with 
larger cohorts are required to further substantiate 
KTP laser enucleation and include it in the treat-
ment protocol.
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