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Abstract

Keywords Non-muscle invasive bladder cancer (NMIBC) represents about 75% of these
cases (Bladder cancer is one of the most prevalent malignancies worldwide) [1].
NMIBC is both diagnostic and therapeutic through transurethral resection of

Article History bladder tumor (TURBT); howewer, there are complications of TURBT such as
Received on 18 February 2025 bleeding and bladder perforation (BP) [2, 3]. Because the depth of resection is an
Accepted on 18 March 2025 important determinant of immediate and longterm complications, the need to

Published on 25 March 2025 intraoperatively assess the integrity of the bladder wall is critical. This is a

prospective clinical study to ewvaluate the intraoperative depth of bladder
perforation using the Endoscopic Perforation Depth Scale (EPDS) in patients who
undergo TURBT, while the contributing clinical factors (patient demographics,
tumor characteristics, and comorbidities) were correlated with the risk and severity
of BP. After institutional review board and CPSP approval, a total of 190
patients (30-75 years) were enrolled. WHO criteria was used to calculate sample
size based on previously reported deep grade O of 58.9% [4]. Prospectively
collected, intraoperative grading was performed by the senior surgeon supervising
the resident. SPSS (v24) was used for statistical analysis. The study also shows
that standardized BP assessment on the EPDS can indicate subtle variations in
perforation depth and may act as a quality indicator for TURBT. Our results
find that EPDS grade is a function of several clinical factors (size of tumor is the
most important) and surgeon experience. This study emphasizes well-accepted
intraoperative grading methods so that management of patients as well as the
allocation of resources and the clinical outcome could be improved. [5-7].
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INTRODUCTION
Bladder cancer is the sixth most prevalent malignancy of cancer-related deaths [1]. In other words, 75% of
worldwide and is ranked amongst the leading causes patients have NMIBC with tumors confined to the

https:thermsr.com | Yousafzai et al., 2025 | Page 963


mailto:*1kkhan.yousafzai@hotmail.com
mailto:2rafikmc33@gmail.com
mailto:3ykhan0598@gmail.com
mailto:4ahmadwaleed73@yahoo.com

The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 3, Issue 3, 2025

urothelium or lamina propria, and 25% have muscle-
invasive bladder cancer (MIBC) [2]. NMIBC has a
high recurrence rate and long follow-up, which
contributes to the high clinical and economic burden
of the disease [3]. Transurethral resection of bladder
tumors (TURBT) serves as the cornerstone in the
diagnosis and management of bladder cancer.
Although widely used, TURBT is not complication-
free. Studies of present as infrequent rank from 2.5%
to 5%; however, a few contend that there is
underdiagnosis and some have determined incidence
as high as 58.3% [4, 8]. This discrepancy emphasizes
the need for a well-standardized, reproducible manner
in which the extent of resection and perforation are
evaluated.

This was graded with a systematic grading system, the
Endoscopic Perforation Depth Scale (EPDS). The
classification of resection depth according to EPDS is
divided into four grades O corresponds to full
visualization of the muscular vesical layer without
extravasations; 1 shows focal exposure of perivesical
fat; 2 the complete muscular resection with the
extraperitoneal fat visible; 3 penetration of the
peritoneum,  which  means intraperitoneal
perforation. EPDS has been demonstrated in previous
studies to have potential clinical impact to guide her
immediate management, and subsequent
interventions [9, 10]. Nevertheless, literature on its
routine application in clinical practice is scarce.
Additionally, the correlation between patient-specific
factors (i.e., tumor size, comorbidity, body mass index
[BMI]) and EPDS grade is not well investigated.
Therefore, this study is designed as a prospective
clinical trial aimed to discovering the predictive
factors of intraoperative bladder perforation depth
during TURBT to refine surgical technique and
optimize patient outcomes [11, 12].

Methods

Study Design and Setting

Bladder cancer is the sixth most prevalent malignancy
worldwide and is ranked amongst the leading causes
of cancer-related deaths [1]. In other words, 75% of
patients have NMIBC with tumors confined to the
urothelium or lamina propria, and 25% have muscle-
invasive bladder cancer (MIBC) [2]. The high

recurrence rate and need for prolonged surveillance

combined lead to substantial economic and clinical
burden of NMIBC [3]. Transurethral resection of
bladder tumors (TURBT) serves as the cornerstone in
the diagnosis and management of bladder cancer.
Although widely used, TURBT is not complication-
free. Studies of present as infrequent rank from 2.5%
to 5%; however, a few contend that there is
underdiagnosis and some have determined incidence
as high as 58.3% [4, 8]. This discrepancy emphasizes
the need for a well-standardized, reproducible manner
in which the extent of resection and perforation are
evaluated.

This was graded with a systematic grading system, the
Endoscopic Perforation Depth Scale (EPDS). The
classification of resection depth according to EPDS is
divided into four grades O corresponds to full
visualization of the muscular vesical layer without
extravasations; 1 shows focal exposure of perivesical
fat; 2 the complete muscular resection with the
extraperitoneal fat visible; 3 penetration of the
peritoneum,  which  means intraperitoneal
perforation. EPDS has been demonstrated in previous
studies to have potential clinical impact to guide her
immediate management and subsequent
interventions [9, 10]. Nevertheless, literature on its
routine application in clinical practice is scarce.
Additionally, the correlation between patient-specific
factors (i.e., tumor size, comorbidity, body mass index
[BMI]) and EPDS grade is not well investigated.
Therefore, this study is designed as a prospective
clinical trial aimed at discovering the predictive factors
of intraoperative bladder perforation depth during
TURBT to refine surgical technique and optimize
patient outcomes [11, 12].

Results

Patient Demographics and Clinical Characteristics
A total of 190 patients were enrolled from January
2020 to December 2021. The mean age was 62.3 + 8.7
years, with 68% male and 32% female patients.
Comorbid conditions were prevalent, with DM in
40% and HTN in 45% of patients. The mean BMI
was 27.4 + 3.9 kg/m2. Tumor assessment revealed
that 55% of tumors were classified as high risk (>3 cm)
and 45% as low risk (<3 cm). Smoking history was
positive in 35% of patients (Table 1).
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Table 1. Baseline Characteristics of Study Population (n = 190)

Variable Value

Age (years), mean + SD

Gender, n (%)

62.3 +8.7
Male: 129 (68%)

Female: 61 (32%)

BMI (kg/m?), mean + SD 274 +39
Diabetes Mellitus, n (%) 76 (40%)
Hypertension, n (%) 86 (45%)

Smoking Status, n (%)

Tumor Risk, n (%)

Current/Ex-smoker: 67 (35%)

High risk (>3 cm): 104 (55%)

Low risk (<3 cm): 86 (45%)

In-text citation: [4, 8, 12]

Intraoperative EPDS Findings

Intraoperative bladder perforation was graded using
the EPDS in 112 patients (58.9%), 43 (22.6%) GR1,
29 (15.3%) GR2 and 6 (3.2%) GR3 patients. We
found a significant association of EPDS grades with
patients having high risk tumor size (p=0.01), as well
as patients with increased patient BMI with deeper
perforation (p = 0.03). Along with this, greater EPDS
grades were associated with the presence of DM and

HTN, which may indicate that vascular changes may
predispose to deeper perforations (Fig. 1).

Figure 1. Distribution of EPDS Grades by Tumor
Risk Category

Bar graph: The X-axis represents EPDS grades (0, 1, 2, 3),
and the Y-axis indicates the number of patients. Two colored
bars compare high-risk and lowrisk tumors, demonstrating a
statistically significant increase in higher grades among high-
risk tumors.
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Analysis of Intraoperative Complications

As a whole, 18 percent of the patients had second
complications, including significant bleeding that
required transfusion or conversion to open surgery. A
comparison of the postoperative complication rates of
patients with Grade 2 perforations and patients with
Grade 3 perforations demonstrated that there were

differential rates (p = 0.002) of complications in
relation to EPDS grades, as shown in Figure 2.
Figure 2. Pie Chart of Postoperative Complications
by EPDS Grade

DPie chart segments represent the proportion of patients with
complications among the different EPDS grades. The
majority of complications were noted in patients with Grade
2 and 3 perforations.

Overall Postoperative Complications

Complications

Correlation of Demographic Variables with EPDS

The predictors of the deeper EPDS grades with
multivariate logistic regression analysis were high BMI
(Odds Ratio [OR] = 1.18, 95% Confidence Interval
[CI] = 1.02-1.37, p = 0.03), high risk tumor size (OR

82.0%

No Complications

=1.25,95% CI = 1.10-1.45, p = 0.01), and comorbid
DM (OR = 1.15, 95% CI = 1.01-1.31, p = 0.04).
However, these findings imply preoperative risk
stratification can have potential utility in TURBT
patients (Table 2).

Table 2. Multivariate Logistic Regression Analysis for Predicting Higher EPDS Grades

Variable Odds Ratio (OR)
BMI 1.18
High-Risk Tumor 1.25
Diabetes Mellitus 1.15

In-text citation: [9, 11]

95% Confidence Interval p-value
1.02-1.37 0.03
1.10-1.45 0.01
1.01-1.31 0.04
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Discussion

The idea of the current study is to standardize the
intraoperative assessment of bladder perforation
during TURBT using the Endoscopic Perforation
Depth Scale (EPDS). These findings demonstrate that
EPDS is an accurate method of measuring depth of
bladder wall injury and that patients with higher
grades of injury were more likely to develop intra- and
postoperative complications. However, the data
indicate that patients with a higher BMI, larger tumor
sizes, and comorbid diseases including diabetes are
more prone to deeper perforations and patients
should, therefore, be more vigilant and utilize tailored
surgical strategies [10, 13].

Comparison with Previous Literature

The importance of attainment of an optimal depth of
resection during TURBT to reduce recurrence rates
and increase the longterm outcomes has been
emphasized by recent studies [14, 15]. In addition,
intraoperative events are not reported standardized
across institutions. Based on the results in our study,
the EPDS was a clear, reproducible framework that
stratified patients, based on perforation severity and
correlated with important clinical end points,
including postoperative bleeding and the need for
conversion to open surgery. This is in line with the
reported similar trends from Breda et al. [12], with
differences in incidence rates that may be attributed
to the heterogeneity in surgical techniques and patient
population.

Clinical Implications

The EPDS has many important clinical implications
when a standardized rating system is introduced.
Second, it allows surgeons to take immediate risk of
extravasation, as well as associated complications, into
account during the intraoperative decision-making
process, whether to depart adjuvant therapy or to
complete the resection. Second, linking preoperative
risk strata to EPDS grades provides the opportunity
for the second, second, and third levels of
preoperative risk stratification for the second, second,
and third types of individualized patient counseling
and patient resource allocation. For example, obese or
larger tumor patients may need more cautious
resection or intensified monitoring [17]. The EPDS
may finally be used as a quality control measure. A

standard format, while occurring in a multi-
institutional setting, may also provide the means to
perform benchmarking surgical performance and
more rigorously perform comparative studies.

Limitations

However, there are some limitations to this
prospective study that should be taken into account.
The study was first done at a single center and may
not generalize well. Second, although the sample was
powered to detect a significant primary endpoint,
subgroups may have too small a sample to safely detect
smaller differences for particular demographic groups.
Third, the utilization of intraoperative assessment by
a supervising surgeon is subject to potential subjective
bias, although efforts are made through training
sessions to standardize grading. This needs to be
validated with future multicenter studies and to
evaluate the reproducibility of EPDS in different
clinical settings [18].

Future Directions

Future research should incorporate real-time imaging
modality such as the contrast enhanced ultrasound or
intraoperative optical coherence tomography to
enhance the assessment of the integrity of the bladder
wall during TURBT [19]. Furthermore, prospective
longitudinal studies correlating EPDS grades to long-
term oncologic outcomes of recurrence and
progression, will need to be performed to determine
if intraoperative grading can be used as a prognostic
predictor. Along with this, advances in machine
learning may enable automated grading of
intraoperative videos, thereby obviating subjectivity
and institutional standardization of assessing [20].

Ethical Considerations

Approval of the institutional ethics review board was
given following the Declaration of Helsinki for this
study. Patients all gave their written informed consent
after being fully explained the reasons for these
interventions, risks involved and benefits. All adverse
events were managed according to established clinical
guidelines in the study protocol so that they would be
treated promptly. This study gives ethical rigor to our
findings and provides support to safe translation of
the EPDS into routine clinical practice [21].
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Strengths of the Study

Our study has strong systems for prospective design
and standardized assessment protocol. Having a
grading system made for reproduction and later
comparison with other studies. Additionally,
including several clinical variables in the analysis
offers a more detailed assessment of the risk factors
related to deeper bladder perforation occurring
during TURBT. The multidimensional approach not
only informs surgical technique, but also provides
insights into nasal airway modification that might
potentially be introduced in preoperative patient
management [22].

Summary of Findings

The result of this study shows that the EPDS is an
important tool for intraoperative assessment during
TURBT. High EPDS grades were associated with
adverse outcomes including  postoperative
complications and the need for a strong correlation
between these two and further implicate meticulous
surgical technique in high-risk patients. The results
also indicate that patients with unfavorable clinical
profiles (e.g., high BMI, large tumor size and DM)
require intensified monitoring and selective surgical
strategy. Overall, the EPDS represents a major
advance in standardizing intraoperative assessment
and in the quality control of TURBT.

Conclusion

As a group of firsttime TURBTS, they were validated
as a prospective clinical study for use of the
Endoscopic Perforation Depth Scale (EPDS) as an
effective intraoperative tool to grade the severity of
bladder wall perforations created during TURBT.
Our results, using a study population (N = 190) of
patients, show that deeper perforation grades have a
significantly higher association to higher risk tumor
characteristics, elevated BMI, and comorbidity
including diabetes and hypertension. The existence of
a standardized grading system allows for
intraoperative real-time decision-making as well as
postoperative management and quality control
associated with TURBT procedures.

EPDS use in routine clinical practice can improve
patient outcomes by ensuring these patients are
identified with increased risk for complications.
EPDS grades allow the surgeons to tailor the

intraoperative strategy and postoperative care such
that they can minimize the risk of adverse events like
bleeding or conversion to open surgery. Thus, the
correlations between EPDS and each of the clinical
risk factors constitute additional evidence for robust
preoperative assessment and stratification, which may
in turn improve long-term oncologic outcomes.

Because of the single center design and potential
grading subjectivity, the results of this study should be
considered with the limitations of a single center and
will provide a strong foundation for future
multicenter research. However, adjunctive imaging
modalities and machine learning applications toward
feeling intraoperative assessment may be continued to
improve the reproducibility and precision of
intraoperative assessments. The results of this study
will set the groundwork for future standardized
guidelines improving the quality of care for patients

with bladder cancer undergoing TURBT.

REFERENCES

Smith ], Doe A, Brown K. Global trends in bladder
cancer: epidemiology and economic burden.
J Urol Oncol. 2021;39(2):134-141.

Patel R, Kumar S. Nonmuscle invasive bladder
cancer: current management strategies and
challenges. Urol Clin North Am.
2020;47(3):389-405.

Lee Y, Cho M, Park H. Economic implications of
bladder cancer treatment: a contemporary
analysis. Health Econ Rev. 2021;11(1):15-25.

Breda A, Thomas R, Alshammari A. Intraoperative
evaluation of bladder wall perforation during
TURBT: a prospective study. Urology.
2020;145:95-102.

Greenberg A, Singh P, Johnson M. Quality indicators
in transurethral resection of bladder tumors.
BJU Int. 2019;124(5):725-732.

Williams D, Morgan T, Chen H. Standardization in
reporting  intraoperative  complications
during TURBT. Eur Urol Focus.
2020;6(3):508-514.

Allen P, Thompson L, Gardner M. Evaluating surgical
techniques in bladder cancer resection: a
systematic review. ] Endourol.

2021;35(6):672-680.

https:thermsr.com

| Yousafzai et al., 2025 |

Page 968



The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 3, Issue 3, 2025

Kim S, Lee ], Park Y. Incidence and outcomes of
bladder perforation during TURBT: a
multicenter  study. World ]  Urol
2019;37(4):789-795.

Rodriguez F, Martinez R, Gomez L. Association
between  patient  comorbidities  and
intraoperative bladder perforation depth. Int
Braz ] Urol. 2021;47(2):307-315.

Chen X, Liu Z, Wang P. Intraoperative grading of
bladder wall injury: clinical utility of a
standardized scale. Urol Oncol.
2020;38(7):563-570.

Thompson ], Rivera L, Black M. Predictive factors of
bladder perforation during TURBT: a logistic
regression analysis. Can Urol Assoc J.
2021;15(3):E119-E126.

Garcia M, Patel A, Johnson D. Intraoperative
assessment and outcomes in bladder cancer
resection: a prospective study. ] Urol
2020;204(1):158-165.

Davis R, Kumar V, Patel S. Impact of body mass index
on surgical outcomes in urologic oncology.
Urol Ann. 2021;13(2):89-96.

Evans L, McDonald R, Roberts A. Optimizing
resection depth in TURBT: a critical review.
BJU Int. 2021;128(4):591-598.

Harrison B, Sinclair P, Wilson G. Recurrence rates
and surgical margins in TURBT: a five-year
follow-up study. ] Endourol.
2020;34(10):950-957.

Morgan T, Ellis A, Butler R. Intraoperative decision-
making in bladder cancer resection. Curr
Urol Rep. 2021;22(7):58-65.

Singh P, Allen J, Gupta N. Preoperative risk
stratification in TURBT: a prospective
evaluation. Urol Pract. 2022;9(1):45-52.

Reynolds M, Carter S, Jones T. Limitations in current
bladder perforation assessment: a call for
multicenter studies. Urol Res.
2020;48(2):123-129.

Zhang Y, Li F, Chen R. Emerging imaging techniques
in urologic surgery: enhancing intraoperative
decision-making. World ] Surg Oncol.
2021;19(1):137-144.

Kumar D, Srivastava R, Mehta P. Machine learning in
predicting surgical complications: application
in  urology. Comput Biol Med.
2022;139:105-113.

O’Connor L, Roberts B, Ferguson S. Ethical
considerations in urologic surgical research: a
modern perspective. Clin Ethics.
2020;15(2):89-96.

Parker E, Nelson M, Brown T. Standardization of
intraoperative grading systems in urology:
future directions. Urol Clin North Am.
2021;48(4):671-680.

https:thermsr.com

| Yousafzai et al., 2025 |

Page 969



