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Abstract The transurethral resection of bladder tumor
(TURBT) remains the most widely used method in the surgi-
cal treatment of the non-muscle invasive bladder tumor
(NMIBT). Despite its popularity, the laser technique has been
widely used in urology as an alternative, via the application of
transurethral laser enucleation of bladder tumor. The aim of
the present study was to compare the efficacy and feasibility
between transurethral laser enucleation and transurethral re-
section of bladder tumor. A systematic search of the following
databases was conducted: PubMed, Wed of Science,
Cochrane Library, EMBASE, Google scholar, and Medline.
The search included studies up to the 1st of January 2017. The
outcomes of interest that were used in order to assess the two
techniques included operation time, catheterization time, hos-
pitalization time, obturator nerve reflex, bladder perforation,
bladder irritation, 24-month-recurrence rate, and the postoper-
ative adjuvant intravesical chemotherapy. A total of 13 trials
with 2012 participants were included, of which 975 and 1037
underwent transurethral laser enucleation and transurethral re-

section of bladder tumor, respectively. No significant differ-
ence was noted in the operation time between the two groups,
although significant differences were reported for the vari-
ables catheterization time, hospitalization time, obturator
nerve reflex, bladder perforation, bladder irritation, and
24-month-recurrence rate. In the mitomycin and epirubicin
subgroups, no significant differences were observed in the
laser enucleation and TURBT methods with regard to the
24-month-recurrence rate. The laser enucleation was superior
to TURBT with regard to the parameters obturator nerve re-
flex, bladder perforation, catheterization time, hospitalization
time, and 24-month-recurrence rate. Moreover, laser enucle-
ation can offer a more accurate result of the tumor’s patholog-
ical stage and grade.

Keywords Transurethral resection of bladder tumor
(TURBT) . Bladder tumor . Laser enucleation of bladder
tumor .Meta-analysis

* Zhiqiang Chen
zhqchen8366@163.com

Huan Yang
yhpz123@163.com

Ning Wang
nwrsh513x@163.com

Shanfu Han
13237173346@163.com

Musa Male
malemusa@hust.edu.cn

Chenming Zhao
hszhaochenming@163.com

Daqiang Yao
pzyao4@126.com

1 Department of Urology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030,
China

2 Institute of Urology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030,
China

3 Department of Urology, Luohe Centeral Hospital, Luohe, Henan
province 462000, China

Lasers Med Sci (2017) 32:2005–2012
DOI 10.1007/s10103-017-2308-5

mailto:zhqchen8366@163.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s10103-017-2308-5&domain=pdf


Urinary carcinoma of the bladder (UCB) is the second most
common urological malignancy worldwide. The increasing
trends of bladder tumor and related cancers have been report-
ed due to the prevalent smoking habits of large populations
worldwide. UCB ranks ninth in the worldwide cancer inci-
dence. It is the seventh most common malignancy in men
and the seventeenth in women [1, 2]. Bladder cancer exhibits
three biological characteristics: local infiltration, recurrence,
and distant metastasis. Transurethral resection of bladder tu-
mor (TURBT) is the gold standard to treat the non-muscle
invasive bladder tumor (NMIBT). However, TURBT is a pro-
cedure that is potentially associated with morbidity, and com-
plications such as bleeding, obturator nerve reflex, and blad-
der perforation are frequently reported. In order to improve the
safety and efficacy of TURBT, alternative procedures have
been developed [3, 4]. The application of laser has been wide-
ly used in surgery notably in urology, due to certain advan-
tages in lithotripsy cutting, vaporization, and hemostasis func-
tion. The latter methodological procedures have been
employed in place of the traditional conventional operation
[5]. The present study aimed to compare the efficacy and
feasibility of transurethral laser enucleation versus transure-
thral resection of bladder tumor for the treatment of NMIBC.
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Fig. 1 Flowchart showing the selection of studies for meta-analysis

Table 1 Characteristics of included studies

Study ID Study type LOE Study
interval

Age of patients laser/
TURBT

No.of patients
laser/TURBT

Grade (1973) Grade (2004) Mitomycin(M)/
epirubicin(E)

1 2 3 PUNLMP Low High

D’Souza and
Verma 2016
[8]

Retrospective 3a 2012–2015 66.3 ± 9.8/67.1 ± 8.3 23/27 NA NA NA 9 36 5 M

Tao et al. 2013
[9]

Retrospective 3a 2007–2010 66.4 ± 12.3/65.3 ± 11.5 74/84 NA NA NA 19 128 11 E

Zhang et al.
2015 [10]

RCT 2b 2006–2010 NA 149/143 162 114 16 NA NA NA E

Migliari et al.
2015 [11]

Retrospective 3a 2012–2013 71/72.5 58/61 NA NA NA NA NA NA NA

Huang et al.
2016 [12]

RCT 2b 2009–2013 59.14 ± 5.94/57.87 ± 4.99 140/70 53 134 23 NA NA NA E

Kramer et al.
2015 [13]

Retrospective 3a 2010–2014 65.8 ± 10.7/67.3 ± 10.8 65/156 54 103 64 NA NA NA NA

Yang et al. 2014
[14]

Retrospective 3a 2004–2010 45.3 ± 8.3/42.5 ± 9.2 28/32 31 20 9 NA NA NA E

Chen et al.
2010 [15]

Retrospective 3a 2006–2007 67.03 ± 13.23/66.26 ± 11.01 55/42 72 7 18 14 65 18 E

Xishuang et al.
2010 [16]

Retrospective 3a 2005–2009 74.5/72.5 51/64 43 60 12 9 72 34 M

Zhu et al. 2008
[17]

Retrospective 3a 2003–2005 NA 101/111 74 117 19 NA NA NA M

Liu et al. 2013
[18]

RCT 2a 2006–2008 67.1 ± 8.3/66.3 ± 9.8 64/56 NA NA NA 21 85 12 E

Chen et al.
2015 [19]

RCT 2b 2008–2011 63/62 71/71 NA NA NA 14 88 40 E

Chen et al.
2016 [20]

Retrospective 3a 2010–2012 63.43 ± 16.32/65.31 ± 17.37 83/75 NA NA NA 20 116 22 M

NA data no available, RCT randomized control trial, TURBT transurethral resection of bladder tumor, PUNLMP papillary urothelial neoplasms of low
malignant potential, LOE level of evidence
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Materials and methods

Literature search

A systematic search of the following databases was conduct-
ed: PubMed, Wed of Science, Cochrane Library, EMBASE,
Google scholar, and Medline. The search included all pub-
lished trials up to the 1st of January 2017, which comparing
transurethral laser enucleation and TURBT with following
MESH search heading:“en bloc resection” “transurethral re-
section” “bladder tumor” “bladder cancer” “bladder carcino-
ma” “TURBT” “holmium laser resection of the bladder tu-
mor” BHoLRBT”. Meanwhile, a full manual search from the
reference list of each relevant article was carried out. All arti-
cle of language was constricted to English and all relevant
studies were included for further screening.

Inclusion criteria and exclusion criteria

Trials were included according to the following criteria: (1)
randomized controlled trials (RCTs) and/or non-RCTs, (2)

studies that involved the comparison of laser enucleation
and TURBT, (3) studies that included patients with primary
bladder cancer grade of G1 to G3, as demonstrated by biopsy
and non-muscle invasion (Ta, Tis, and T1) as demonstrated by
computerized tomography and/or cystoscopy, (4) studies that
included patients who underwent no prior transurethral resec-
tion procedure such as TURBT or TURP, (5) and studies that
included at least one outcome of interest as described in the
following section.

The exclusion criteria were the following: (1) studies that
included patients with other diseases, such as prostate cancer,
BPH and/or other urological neoplasms, (2) studies that in-
cluded no outcomes of interest and/or lack of data calculation
and/or extrapolation from the published results regarding ei-
ther laser enucleation or TURBT.

Data extraction and outcome of interest

A total of two reviewers independently extracted the follow-
ing data: first author, year of publication, country, study inter-
val, study design, number of patients who underwent laser

Table 2 The result of complications and perioperative data

Outcome of interest No. of studies No. of patients laser/TURBT OR/WMD (95%CI) p Study heterogeneity

Chi2 df Ι2 P

Operation time 11 768/833 − 0.6 [−1.35, 0.16] 0.12 34.72 10 71% 0.0001

Catheterization time 11 768/833 − 0.95 [−1.03, − 0.87] < 0.00001 256.62 10 96% < 0.00001

Hospitalization time 9 666/717 − 1.34 [−1.43, − 1.25] < 0.00001 225.69 8 96% < 0.00001

Obturator nerve reflex 10 706/696 0.04 [0.02, 0.11] < 0.00001 1.96 9 0% <0.00001

Bladder perforation 8 577/564 0.14 [0.05, 0.39] = 0.00001 1.69 7 0% 0.98

Bladder irritation 6 420/405 0.32 [0.23, 0.45] < 0.00001 11.48 5 56% < 0.00001

24-month-recurrence 10 703/677 0.72 [0.53, 0.96] 0.03 3.91 9 0% 0.92

Postoperative adjuvant intravesical chemotherapy

Mitomycin 4 271/322 0.73 [0.49, 1.09] 0.12 0.95 3 0% 0.81

Epirubicin 6 432/355 0.70 [0.45, 1.09] 0.12 2.98 5 0% 0.70

Total 10 703/677 0.72 [0.53, 0.96] 0.03 3.91 9 0% 0.92

The main result of this meta-analysis

Fig. 2 Forest plot and meta-analysis of operation time
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enucleation and/or TURBT, and outcomes of interest. The
extracted outcomes included the baseline characteristics of the
patients, such as age, surgical method, operation time, catheter-
ization time, hospitalization time, obturator nerve reflex, blad-
der perforation, bladder irritation, 24-month-recurrence rate,
and the postoperative adjuvant intravesical chemotherapy.

Study quality and level of evidence

The level of evidence of the included studies was rated ac-
cording to the criteria by the Centre for Evidence-Based
Medicine in Oxford, United Kingdom [6]. A total of two re-
viewers independently assessed the quality of the studies and
any disagreement was resolved by consensus.

Statistical analyses

The present meta-analysis was conducted according to the
recommendations of the Cochrane Collaboration and the
Quality of Reporting of Meta-analyses guidelines [7]. All
the statistical analyses were carried out using RevMan 5.3
(Cochrane Library Software, Oxford, United Kingdom). For
continuous variables, weighted mean difference (WMD) was
used, whereas for dichotomous parameters, odds ratio (OR)
was used. The confidence interval (CI) was set at 95%. All the
pooled effects were determined by the Z test, and a probability
value of less than 0.05 (P < 0.05) was considered statistically

significant. The quantity of heterogeneity among included
studies was assessed by the chi-square-based Q test and the
I2 test when I2 < 50% and P > 0.05. The fixed-effects model
was used, when no heterogeneity was noted. In the presence
of heterogeneity, the random-effects model was used.
Sensitivity analysis outcomes were reported by three and/or
more studies in the overall meta-analysis.

Result

Workflow of literature research

There were 437 potential studies in the primary literature re-
search, in which 41 duplicated studies existed. The remaining
396 studies were further screened by reading the title and
abstract. Thirty-two studies with full-text articles were
screened and 13 studies were included in the meta-analysis
which contain 4 RCTs and 9 retrospective trials. We described
the study procedure’s details in Fig. 1.

Study characteristics

A total of 13 trials with 2012 participants were included, of
which 975 and 1037 underwent transurethral laser enucleation
and transurethral resection of bladder tumor, respectively. The

Fig. 3 Forest plot and meta-analysis of catheterization time

Fig. 4 Forest plot and meta-analysis of hospitalization time
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demographics of enrolled individuals and tumor characteris-
tics are presented in Table 1.

The data of outcome of interest

The main results of complications and periopretive data were
enumerated in Table 2. No significant difference was noted in
the operation time between the two groups (Fig. 2: mean dif-
ference [WMD] − 0.6, 95% confidence interval [CI] − 1.35 to
0.16, P = 0.12). In contrast to the operation time, significant
differences were noted for the parameters catheterization time
(Fig. 3: [WMD] − 0.95, [CI] − 1.03 to −0.87, P < 0.00001),
hospitalization time (Fig. 4: [WMD] − 1.34, [CI] − 1.43 to −
1.25, P < 0.00001), obturator nerve reflex (Fig. 5: OR = 0.04,
[CI] 0.02 to 0.11, P < 0.00001), bladder perforation (Fig. 6:
OR = 0.14, [CI]0.05 to 0.39, P = 0.00001), bladder irritation
(Fig. 7: OR = 0.32, [CI] 0.23 to 0.45, P < 0.00001), and
24-month-recurrence rate (Fig. 8: OR = 0.72,[CI]0.53 to
0.96, P = 0.03). In the mitomycin and the epirubicin sub-
groups, no significant differences were noted in the laser enu-
cleation and TURBT in the 24-month-recurrence rate (Fig. 9:
OR = 0.73, [CI] 0.49 to 1.09, P = 0.12; OR = 0.70,[CI] 0.45 to
1.09, P = 0.12).

Discussion

In 2012, 429,793 cases of bladder cancer were diagnosed and
165,084 deaths were attributable to bladder cancer.
Approximately 75% of newly diagnosed patients were
non-muscle-invasive bladder cancer cases (NMIBC), whereas
the remaining 25% were muscle invasive bladder cancer
(MIBC) and/or metastatic disease cases [21]. TURBT is a
sufficient and potentially curative therapy and is considered
the gold standard treatment to the NMIBC [22]. Laser appli-
cation is a new, streamlined, safe, and effective technology
that can meet the growing demands of the surgery and fulfill
the requirement for clinical performance, notably in urology
[5]. The laser enucleation of bladder tumor has been widely
adopted in clinical practice, notably in surgery, due to its ad-
vantages. The following advantages were summarized from
literature search regarding laser enucleation of bladder tumor:
Firstly, the absence of the electric field effect is considered a
significant advantage since the laser can reduce the obturator
nerve stimulation and avoid its reflection. Consequently, the
incidence of serious complications, such as bladder perfora-
tion, decreases, and the technique is considered safe for the
patients with cardiac pacemaker [23]. Secondly, the tumor
stage and grade can be diagnosed more effectively using

Fig. 5 Forest plot and meta-analysis of obturator nerve reflex

Fig. 6 Forest plot and meta-analysis of bladder perforation
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sufficient tissue for pathological examination by adequate re-
section depth of the basal parts of the tumors. This contributes
in the formulation of an appropriate follow-up treatment and
the prediction of the recurrence rate [24]. Lastly, the perfusion
fluid used is physiological saline that reduces the occurrence
of the TUR syndrome [25].

In the present meta-analysis, no significant difference in the
operation time was noted. However, the parameters obturator
nerve reflex, bladder perforation, bladder irritation, catheteriza-
tion time, hospitalization time, and 24-month-recurrence rate
were significantly different between the laser enucleation and
TURBT methods. The data conform to our experience. In addi-
tion, the postoperative adjuvant intravesical chemotherapy was
carried out in the subgroup (mitomycin and epirubicin groups),
and there was no significant difference between laser enucle-
ation and TURBT in the 24-month-recurrence rate, although a
significant difference was noted between the aforementioned
methodological techniques in the 24-month-recurrence rate in
total. This result demonstrated that the postoperative adjuvant
intravesical chemotherapy is an important factor which affected
the 24-month-recurrence rate between the groups of laser enu-
cleation and transurethral resection of bladder tumor. In the
present study, we can conclude that the postoperative complica-
tion of laser enucleation is lower in the bladder perforation and
the bladder irritation. Furthermore, the group of laser enucle-
ation exhibited optimal recovery with shorter catheterization
and hospitalization time periods. An apparent superiority was

noted for the laser enucleation versus TURBT. According to the
biological characteristics of bladder tumors, the postoperative
adjuvant intravesical chemotherapy is an important factor that
affects the recurrence of the bladder tumor. Despite these find-
ings, the current study suffers from several limitations. Firstly,
we only included studies published in English, and certain relat-
ed studies published in other languagesmight have beenmissed.
Secondly, a study heterogeneity was evident notably regarding
the parameters for bladder perforation, 24-month-recurrence
rate, and postoperative adjuvant intravesical chemotherapy
(Table 2). These may be caused by the heterogeneities of the
patients’ conditions, operators’ surgical technique, laser’s type,
and/or the limited sample size of certain data. Thirdly, although
the funnel plots indicated no visible publication bias, the influ-
ence of bias cannot be completely excluded. Lastly, the included
studies lacked selection criteria regarding the follow-up, and the
follow-up was not long enough in order to provide long-term
recurrence data.

Conclusion

The laser enucleation was superior to TURBT with regard to
the parameters obturator nerve reflex, bladder perforation, cath-
eterization time, hospitalization time, and 24-month-recurrence
rate. Moreover, laser enucleation can offer a more accurate

Fig. 7 Forest plot and meta-analysis of bladder irritation

Fig. 8 Forest plot and meta-analysis of 24-month-recurrence rate
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result of the tumor’s pathological stage and grade by providing
a better specimen.
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