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Abstract
Bladder cancer is one of the most commonly diagnosed cancers in the United States. Transurethral resection of 
a bladder tumor (TURBT) is a fundamental aspect of bladder cancer treatment. Standardizing TURBT is essential 
to optimize patient outcomes and reproduce results. There are many ways to standardize care. New technologies, 
from blue-light cystoscopy to magnetic resonance imaging and artificial intelligence, are enhancing treatment ef-
fectiveness in patients with bladder cancer. Providing maximal TURBT is an acceptable alternative to patients with 
muscle-invasive disease, especially patients who are medically frail and could not tolerate radical cystectomy.

Introduction

RRegardless of disease stage, transurethral resection of a bladder tumor (TURBT) is the cornerstone 
of diagnosis, treatment, and risk stratification. Despite the importance of performing a technically 
sound and complete TURBT, the quality of TURBT varies widely among practicing urologists, poten-

tially affecting patient outcomes. Bladder cancer is the sixth most common cancer diagnosed in the United 
States and was responsible for 16 840 deaths in 2024.1 Among newly diagnosed bladder cancer cases, 
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non–muscle-invasive bladder cancer (NMIBC) 
accounts for 75% to 85% of cases.2 Superficial 
bladder cancer has a long natural history, necessi-
tating extended risk-adapted surveillance approaches 
to assess disease recurrence and progression. This 
need results in substantial health care–related costs, 
patient morbidity, and inconvenience. Even with 
adequate treatment, studies have shown that up to 
50% of high-grade NMIBC may progress to MIBC.3 
Patients with MIBC are at high risk of systemic 
progression and death from their disease, and urgent 
multimodality therapy, including a maximal TURBT, is 
the current standard of care.
Historical attempts to define a “complete TURBT” and 
develop quality metrics that standardize the surgical 
approach have been inadequate. In addition, docu-
mentation regarding resection completeness and 
adherence to previous guidelines is often inconsistent, 
making the postoperative assessment of resection 
quality difficult to assess accurately.4 In this review, we 
describe contemporary approaches to standardize 
TURBT quality, discuss the role of novel technologies 
in improving surgical outcomes, analyze the impor-
tance of maximal TURBT as the primary treatment for 
NMIBC, and investigate the role of maximal TURBT in 
patients receiving trimodal therapy for MIBC.

Defining a Good or Adequate 
TURBT
Despite the wide variability in TURBT quality, a 
broad consensus exists that all visible tumors should 
be resected at the time of TURBT. The European 
Association of Urology provides detailed guidelines for 
TURBT techniques, recommending en bloc resec-
tion for small papillary tumors, whereas larger tumors 
should be resected in fractions to include adjacent 
bladder mucosa and deeper detrusor muscle layers 
and to avoid the risk of perforation.5

Residual tumor burden is closely tied to the initial 
tumor risk stratification. A 2022 study found that 
the likelihood of residual tumor was statistically 
significantly higher in patients with unfavorable risk 
profiles: 50% in the high-risk group, 18.6% in the 

intermediate-risk group, and 7.8% in the low-risk 
group.6 Furthermore, the primary tumor base and 
resection margins were identified as the most 
common sites for residual tumors, with rates of 
34.4% and 50%, respectively.6 These findings raise 
questions about the efficacy of the initial TURBT and 
the necessity for re-resection, particularly in cases 
where maximal TURBT may not have been feasible 
because of tumor size or complexity. These data 
also underscore the importance of maintaining a high 
index of suspicion for residual disease in high-risk 
cases and the role of routine re-TURBT in this patient 
population.
Although neither the National Comprehensive Cancer 
Network nor the American Urological Association 
provide explicit quality standards for bladder tumor 
resection, re-TURBT is recommended for patients 
with pT1 disease. Re-TURBT increases staging accu-
racy, particularly in cases of persistent tumor or when 
detrusor muscle was absent in the initial resection. 
The European Association of Urology emphasizes 
that repeat TURBT can increase recurrence-free 
survival, progression-free survival, and overall survival 
in BCG-treated T1 high-grade/grade 3 cancer without 
muscle on the initial specimen.7 The absence of 
residual tumor on repeat resection was also linked 

KEY POINTS
•	 Standardizing TURBT is essential to providing consis-

tent and reproducible results and optimizing surgical 
outcomes.

•	 Repeat TURBT continues to be recommended in the 
management of NMIBC, particularly in patients with T1 
cancer.

•	 Novel technologies, including blue-light cystoscopy and 
MRI, are excellent tools for providing maximal benefit and 
patient-specific care.

•	 Maximal TURBT in the setting of trimodal therapy is a 
reasonable alternative to radical cystectomy for MIBC in 
terms of survival and oncologic outcomes, especially in 
older or frail patients. 

ABBREVIATIONS
AI, artificial intelligence
MRI, magnetic resonance imaging
NMIBC, non–muscle-invasive bladder cancer
TURBT, transurethral resection of a bladder tumor
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to improved survival outcomes in patients ultimately 
treated with radical cystectomy.8 This repeat proce-
dure is critical for determining the full extent of 
disease.
Although complete resection is desired in all TURBTs, 
different factors may influence the surgical complexity 
of endoscopic resection. Roumiguié et al9 developed 
a predictive model of clinicopathologic factors that, 
if present, may increase procedure difficulty. These 
factors included the patient’s past medical history 
(including history of radiation or previous TURBT), 
tumor number, location, size, and access to the 
bladder as independent predictors of an increasingly 
complex TURBT. An individual risk-adapted approach 
based on the features described by Roumiguié et 
al may help select patients who most benefit from 
relook cystoscopy and subsequent re-TURBT.
Standardizing the approach to TURBTs, especially in 
complex cases, is necessary to achieve reproducible 
results and optimize surgical outcomes. Establishing 
a checklist is one approach to standardization. 
Anderson et al10 outlined 10 critical items that should 
be performed with every TURBT. Items on this check-
list included documenting the number and size of 
tumors, presence of carcinoma in situ, visualization of 
detrusor muscle, and complete resection of all visible 
tumors. Routine use of a checklist was found to 
substantially increase the quality of the resection and 
provide objective, patient-specific data to subsequent 
urologists to assess procedure quality (Table 1).10

Another approach to improving the quality and repro-
ducibility of TURBT has been the use of urologist-fo-
cused quality improvement programs. Mariappan et 
al11 reported on their experience using urologist-fo-
cused quality improvement programs to improve 
TURBT quality. Their focus was aimed at educating 
urologists on their TURBT primary end points. They 
observed that quality improvement education about 
procedure-related quality metrics was associated with 
a clinically significant increase in restaging TURBT, 
improved tumor staging, and decreased recurrence 
rates.
Novel approaches to standardization and reproduc-
ibility of TURBT, including the use of virtual reality 

surgical simulators, have been linked to improved 
surgical outcomes. Bube et al12 issued a virtual reality 
simulator to urologists and assessed TURBT perfor-
mance scores both before and after installation. After 
virtual reality training, novices substantially improved 
their TURBT performance scores, which included a 
more complete resection of tissue, improved hemo-
stasis, and more rapid progression through the case. 
A transurethral resection model offered by Berridge 
et al13 found that the use of a virtual reality simulator 
increased confidence in their trainees. Another study 
had a similar finding: 87% of participants felt that their 
confidence in performing TURBTs increased, and 
92% wanted virtual reality models in their training.14 
Virtual reality surgical simulators can be applied to 
all levels of urologic training. For instance, Neumann 
et al15 analyzed the impact of virtual reality TURBT 
training models for medical students. The authors 
found substantial improvements in procedure length, 
resectoscope movement, and accidental bladder 
injury after virtual reality training in this medical 
student cohort. A similar virtual reality training module 
was analyzed in a systematic review that reported 
improvements in blood loss, tumor resection, and 
procedural time after training.16 These data collectively 
suggest that virtual reality surgical simulators may 
be a good training tool for urologists to acquire and 
maintain their endoscopic surgical skills.

Repeat TURBT
Repeat TURBT is universally recommended in clinical 
guidelines for patients with T1 NMIBC. This re-re-
section serves a therapeutic role in improving cancer 
control and provides critical staging information for 
determining appropriate subsequent treatment. 
Although repeat TURBT can be costly and carries an 
increased risk of complications, such as bleeding and 
perforation, it remains an essential step in the diag-
nosis and management of bladder cancer. Objectively 
assessing the quality of an initial resection and the 
associated clinicopathologic factors will identify 
which patients are most likely to benefit from repeat 
TURBT. Factors such as incomplete resection, a lack 
of detrusor muscle in the specimen, tumor stage, 
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and grade determine the need to consider repeat 
TURBT. Improvements in endoscopic visibility and 
enhancement imaging techniques have improved the 
diagnosis of bladder cancer with adequate staging, 
resulting in better outcomes with lower rates of 
residual tumor burden.17

Studies have shown repeat resection 2 to 6 weeks 
after initial TURBT for high grade Ta or T1 NMIBC 
reveals residual tumor in up to 70% of cases and 
upstaging in up to 20%.18 Recurrence and upstaging 
rates can be secondary to inadequate specimen 
collection but also result from the presence of 

multifocal tumors and tumors presenting at a more 
advanced stage. Yuk et al19 found that recurrent gross 
hematuria, tumor grade, quantity, and size were all 
strongly associated with residual tumor after initial 
resection. A prospective randomized trial found that 
repeat TURBT in patients with T1 tumors increased 
recurrence-free and progression-free survival.20 
Sharma et al21 further supported this claim, revealing 
that re-TURBT is essential in high-grade pTa and pT1 
disease for accurate staging and management. In 
addition, only 2% of patients who underwent repeat 
TURBT died from urothelial carcinoma compared with 
11% in the single-TURBT group.20,22

Abbreviation: TURBT, transurethral resection of a bladder tumor.

Reproduced from Anderson et al. J Urol. 196(4), 1014-1020. Reprinted with permission from American Urological Association Education and Research, Inc (Copyright ©2016). 
American Urological Association Education and Research, Inc. All Rights Reserved.10

Table 1. Procedure Checklist Created by Anderson and Colleagues Outlining 10 Factors Needed to Increase Quality of 
Resection

TURBT quality audit

A high-quality TURBT includes

1. Obtaining the information necessary for accurate classification of clinical stage and cancer risk

2. Complete resection of all visible tumors and suspicious areas when safe and feasible and when bladder preservation is planned

3. Careful assessment of bladder integrity after tumor resection

Procedure checklist

Assessment of prognostic factors Acceptable responses

1. Describe number of tumors 1, 2-5, >5, diffuse

2. Describe size of largest tumor For reference: end of cutting loop is approximately 1 cm wide

3. Describe characteristics of tumors Sessile, nodular, papillary, flat

4. Describe recurrent vs primary tumors Recurrent, primary

5. Assess for presence of carcinoma in situ Suspicious, not suspicious

6. Report 2010 American Joint Committee on Cancer clinical tumor stage cTis, cTa, cT1, cT2, cT3, cT4

Intraoperative processes

7. Bimanual exam under anesthesia Yes, no

8. Visually complete resection Yes, no

9. Visualization of detrusor muscle in resection base Yes, no

10. Visual evaluation for perforation Yes, no

Options

11. Photographic documentation of resection bed Yes, no

12. Drawing or description of tumor location Yes, no

13. Separate deep biopsy sent from resection bed Yes, no
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Although repeat TURBT is widely recognized as a crit-
ical component of adequate bladder cancer staging, 
recent advancements in visually enhanced TURBT 
and en bloc resection techniques have emerged. 
Over the past few decades, the rate of re-TURBT has 
declined, with fewer patients undergoing the proce-
dure in the 2010s than in earlier decades. Despite 
this shift, patients who underwent re-TURBT demon-
strated higher recurrence-free survival, with a hazard 
ratio of 0.78 (95% CI, 0.62-0.97), although no notable 
benefit was observed in progression-free survival or 
cancer-specific survival.23 Nevertheless, re-TURBT 
remains essential for accurate staging and tumor 
control in patients with T1 NMIBC. A shared deci-
sion-making approach should be adopted, taking into 
account the potential risks, including a higher compli-
cation rate associated with the repeat procedure.

Strategies to Augment 
TURBT Effectiveness and Risk 
Stratification
Emerging technologies, such as urinary cell-free 
tumor DNA, offer promising advancements in 
detecting minimal residual disease before re-TURBT 
in patients with high-risk NMIBC. Preliminary data 
from prospective studies demonstrate that tumor 
fraction, as assessed by urinary cell-free tumor DNA 
and estimated copy number burden, can effec-
tively identify residual disease.24 This innovation 
challenges the routine need for re-TURBT in certain 
cases, such as patients with pT1 bladder cancer. 
One study reviewed the utility of measuring varying 
urine messenger RNA sequences in patients diag-
nosed with NMIBC vs healthy individuals. The authors 
found statistically significantly higher expression levels 
of particular messenger RNA sequences, including 
CA9 and CDK1, in urine samples from patients with 
NMIBC.25

Although no single urinary biomarker has proven 
optimal for improving NMIBC prognosis, a synergistic 
approach combining these biomarkers with maximal 
TURBT shows promise in predicting recurrence. 

Currently, US Food and Drug Administration–
approved tests for diagnosis and surveillance include 
urinary cytology, BTA stat (Polymedco), BTA TRAK 
(Polymedco), nuclear matrix protein, and UroVysion 
fluorescence in situ hybridization (Abbott Molecular). 
ImmunoCyt (DiagnoCure) has been specifically 
approved for surveillance purposes.26 Elsawy et al27 
used a urinary messenger RNA biomarker, Xpert Test 
(Cepheid), after initial resection of T1 bladder cancer. 
The authors found that a positive Xpert Test after 
complete resection of T1 disease was associated 
with positive repeat biopsy, along with early tumor 
recurrence.
In addition to biomarkers, advanced visual technol-
ogies continue to increase diagnostic accuracy for 
bladder cancer, further supporting the goal of tailored 
and effective patient care. Narrow-band imaging (an 
optic enhancement technique that uses various band-
widths of light to further delineate tissue) and blue-
light cystoscopy can be used to reduce recurrence 
rates of NMIBC after TURBT.
Herr et al28 found that 24% of patients with NMIBC 
had recurrent cancer after TURBT. Of these cancers, 
87% were diagnosed on white-light cystoscopy and 
narrow-band imaging, and 100% were detected 
on narrow-band imaging cystoscopy. Narrow-band 
imaging cystoscopy was more effective in detecting 
papillary tumors and carcinoma in situ (Figure 1). 
Another study showed that narrow-band imaging was 
effective in identifying 36 (17.1%) tumors in patients, 
whereas white light found only 4 (1.9%) tumors.29 
Blue-light cystoscopy involves intravesical admin-
istration of hexaminolevulinate, a molecule that is 
incorporated into heme biosynthesis and results in 
an accumulation in malignant cells.30 This biolumi-
nescence helps delineate bladder cancer cells for a 
more complete resection (Figure 2).31 Denzinger et 
al32 found that in 301 patients with superficial bladder 
cancer, the residual tumor rate was 25.2% in the 
white-light cystoscopy group and 4.5% in the fluo-
rescence cystoscopy group. Recurrence-free survival 
was higher in the fluorescence cystoscopy group 
up to 8 years after TURBT follow-up.32 Carcinoma in 
situ was also more readily diagnosed with blue-light 
cystoscopy than with traditional white light.33 Tadrist 



6

Standardizing TURBT in Bladder Cancer

Reviews in Urology   |   2025, Vol 24, Issue 1

et al34 report that residual tumor was detected in 64 
of 109 (58.7%) patients at second TURBT on photo-
dynamic diagnosis after a primary blue-light resection, 
supporting the need for restage TURBT, even with 
photodynamic diagnosis.
Magnetic resonance imaging (MRI) has also been 
described as an effective supplement in management 
of bladder cancer with TURBT. A systematic review 
analyzed the implications of an integrating multipara-
metric MRI and the Vesical Imaging Reporting and 
Data System in bladder cancer staging—specifically, 
on restaging TURBT. The authors found that multi-
parametric MRI and the Vesical Imaging Reporting 
and Data System may be effective tools in identifying 
patients who may benefit from restaging TURBT.35 

Another study performed post-TURBT bladder MRIs 
and found a 78.9% accuracy rate of MRI in patients 
without residual tumor.36 Although they have not yet 
been adopted in the European Association of Urology 
guidelines, new trials, including the 2024 CUT-less 
trial, aim to include information from the Vesical 
Imaging Reporting and Data System and photody-
namic diagnosis in restaging TURBT indications.
Artificial intelligence (AI) has been investigated as 
effective adjunct to TURBT, and AI is a promising 
new frontier in therapeutic interventions for bladder 
cancer. Examples include 3-dimensional reconstruc-
tion models that include texture modeling and simula-
tion.37 In addition, augmented cystoscopy through AI 
could assist in determining tumor location, size, and 

Figure 1. White light cystoscopy reveals an approximately 1-cm region of carcinoma in situ (left). The same lesion appears more extensive and 
more than 2 cm in diameter on narrow-band imaging (right). 
 
Reproduced from Herr et al. BJU Int. 102(9), 1111-1114. Reprinted with permission from John Wiley & Sons, Inc (Copyright ©2008). John Wiley & 
Sons, Inc. All Rights Reserved.28

Figure 2. This image reveals detection of non–muscle-invasive bladder cancer with white light cystoscopy (left) vs blue light (right). The blue-light 
image displays the same area, but it is illuminated with a pink coloration, indicating malignant cells. 
 
Reproduced from Lotan et al. Nat Rev Urol. 16, 377-386. Reprinted with permission from Springer Nature Limited (Copyright ©2019). Springer 
Nature Limited. All Rights Reserved.31



7

Standardizing TURBT in Bladder Cancer

Reviews in Urology   |   2025, Vol 24, Issue 1

other characteristics. Compared with expert urolo-
gists, AI demonstrated higher classification sensitivity 
and specificity for tumor grade and malignancy.38 
Artificial intelligence can also be applied to predicting 
recurrence in NMIBC. Abbas et al39 found that AI can 
predict NMIBC recurrence in up to 97.5% of cases, 
although the current average is approximately 75%. 
Another study incorporated multiparametric MRIs and 
clinical factors into a deep learning model to predict 
5-year recurrence in NMIBC. The authors found 
superior performance in this deep learning model 
for analyzing recurrence, although additional studies 
must be performed.40

Frailty and Older Patients in 
Maximal TURBT
As the global population ages, the issue of frailty in 
urological procedures has become a critical concern, 
particularly in the context of shared decision-making 
for invasive interventions. Frailty is increasingly rele-
vant in cancer care, given the aging population. For 
instance, the average age at diagnosis for bladder 
cancer is 73 years, notably older than the mean 
age for all cancer diagnoses.41 Although frailty is 
not synonymous with functional impairment, it is a 
factor influencing postoperative outcomes in geriatric 
urologic patients. Studies have shown that frailty and 
advanced age are associated with heightened risks of 
postoperative complications, including delirium, inten-
sive care unit admissions, prolonged hospital stays, 
and mortality.42

In the management of MIBC, the frailty index plays a 
pivotal role in treatment planning. Patients with higher 
frailty scores may be less suited for radical cystec-
tomy and instead may benefit from trimodal therapy, 
which includes maximal TURBT. For example, older 
age (≥70 years) has been linked to statistically 
significantly higher 1-year mortality in patients who 
underwent radical cystectomy.43 Although survival 
outcomes between carefully selected patients under-
going radical cystectomy and trimodal therapy are 
comparable, there is no established frailty-based 
selection criterion for either treatment approach. 

Notably, frailty prevalence is statistically significantly 
higher in patients opting for trimodal therapy (56%) 
compared with patients undergoing radical cystec-
tomy (6.2%).44 In fact, some studies have demon-
strated improved long-term quality of life after trimodal 
therapy vs radical cystectomy. In the 4 Radiation 
Therapy Oncology Group trials, no patients needed 
radical cystectomy for treatment-related toxicity or 
experienced treatment-related mortality.45

In this aging population, treatment strategies must 
prioritize minimizing postoperative complications 
while achieving an optimal balance between cancer 
control and quality of life. For patients with a higher 
frailty index, maximal TURBT combined with trimodal 
therapy is often better tolerated than the more inva-
sive radical cystectomy. Five-year survival rates in 
trimodal therapy have been found to be as high as 
65%, similar to rates in radical cystectomy.46 Disease-
specific survival was also nearly identical, regardless 
of age, further emphasizing trimodal therapy as an 
effective alternative to radical cystectomy in MIBC.47 
Effective shared decision-making, incorporating 
frailty assessments, is essential to achieving the best 
possible outcomes for these patients.

Conclusion
Maximal TURBT in NMIBC remains the best 
opportunity to treat and risk stratify patients 
with bladder cancer. Standardized approaches 
and guideline-based restaging TURBT aim to 
maximize cure rates while decreasing the chances 
of progression and disease recurrence. Properly 
performed TURBT in the setting of trimodal therapy 
can be applied to specific patient populations without 
reducing treatment efficacy. The implementation of 
novel technologies, including blue light, narrow-band 
imaging, and MRI as adjuncts to TURBT, increases 
the completeness of resection and may provide 
critical staging information for patients. Further 
studies are needed to assess the role of virtual reality 
and AI in universal protocols for NMIBC management 
and quality improvement initiatives.
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