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Abstract: Urinary bladder carcinoma (UBC) diagnosis and staging are critical for treatment planning and patient prognosis. This
histopathology-guided study evaluates the diagnostic accuracy of T2-weighted imaging (T2WI1) and gadolinium-enhanced MRI
(GE-MRI) in UBC diagnosis and staging, with histopathology as the gold standard. A total of 30 patients with suspected or
confirmed UBC were included in the study. T2WI and GE-MRI were performed, and imaging findings were compared with
histopathological results obtained from transurethral resection of bladder tumor (TURBT) or radical cystectomy specimens.
Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of T2WI and GE-MRI were
calculated. The results demonstrate that T2WI had a sensitivity of 85%, specificity of 80%, PPV of 90%, NPV of 75%, and overall
accuracy of 83.3% in diagnosing UBC. GE-MRI showed a sensitivity of 90%, specificity of 85%, PPV of 92%, NPV of 80%, and
overall accuracy of 88.3%. Both imaging modalities exhibited high diagnostic accuracy in detecting UBC lesions and staging
tumor extent. In conclusion, T2WI and GE-MRI are valuable tools for UBC diagnosis and staging, providing essential information
for treatment planning and patient management.
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Introduction

Urinary bladder carcinoma (UBC) stands as one of the most
prevalent malignancies worldwide, accounting for a
significant portion of both cancer diagnoses and cancer-
related deaths (Pandith and Siddiqi, 2012). With its
incidence varying across geographical regions and
demographic groups, UBC imposes a considerable burden
on healthcare systems globally. The rise in prevalence can
be attributed to various factors, including aging populations,
environmental exposures, and lifestyle habits such as
smoking (Belpomme et al., 2007; Irigaray et al., 2007).
Accurate diagnosis and staging of UBC are pivotal for
guiding treatment strategies and improving patient
outcomes. The complexity of UBC lies in its diverse
histological subtypes, ranging from non-invasive papillary
tumors to invasive carcinoma, each requiring distinct
management approaches (Kamoun et al., 2020). Moreover,
the prognosis and treatment efficacy are closely linked to
the stage and extent of tumor infiltration into surrounding
tissues. Therefore, precise staging is paramount in
determining the appropriate therapeutic interventions,
whether they involve transurethral resection, radical
cystectomy, or neoadjuvant chemotherapy (Crozier et al.,
2019; Hensley et al., 2022).

In this context, advanced imaging techniques play a crucial
role in the diagnostic pathway of UBC. T2-weighted
imaging (T2WI) and gadolinium-enhanced MRI (GE-MRI)
have emerged as valuable tools in the armamentarium of
radiologists for evaluating bladder lesions (Goel et al.,
2016). T2WI provides detailed anatomical information and
excellent soft tissue contrast, allowing for the

characterization of tumor morphology and invasion depth
(Papakonstantinou et al., 2019). On the other hand, GE-MRI
enhances the visualization of wvascular structures and
facilitates the identification of tumor vascularity and
perfusion patterns, aiding in differentiating benign from
malignant lesions and determining tumor aggressiveness
(Yanev et al., 2022).

Given the importance of accurate imaging in UBC
management, the aim of this study is to assess the diagnostic
accuracy of T2WI and GE-MRI in UBC diagnosis and
staging, utilizing histopathology as the gold standard. We
hypothesize that both imaging modalities will demonstrate
high sensitivity and specificity in detecting UBC lesions and
accurately staging tumor extent. By validating the efficacy
of T2WI and GE-MRI in a histopathologically guided
approach, we aim to enhance the confidence of clinicians in
utilizing these imaging techniques for optimal patient care
and treatment decision-making.

Methodology

This study utilized a prospective design to evaluate the
diagnostic accuracy of T2-weighted imaging (T2WI) and
gadolinium-enhanced MRI (GE-MRI) in the diagnosis and
staging of urinary bladder carcinoma (UBC). The study was
conducted at the Department of Radiology, Benazir Bhutto
Hospital, Rawalpindi, from January 2022 to July 2023

Patients aged 18 years and above with suspected or
confirmed UBC were included in the study. Exclusion
criteria comprised patients with contraindications to MRI,
such as severe claustrophobia or metallic implants
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incompatible with imaging, and those unable to undergo
histopathological confirmation of bladder lesions.
T2-weighted imaging (T2WI) and gadolinium-enhanced
MRI (GE-MRI) were performed using a standard MRI
protocol. T2WI provided detailed anatomical information
with excellent soft tissue contrast, while GE-MRI enhanced
visualization of vascular structures and tumor vascularity.
Histopathological analysis served as the gold standard for
the diagnosis and staging of UBC. Tissue specimens
obtained via transurethral resection of bladder tumor
(TURBT) or radical cystectomy were processed and
examined by experienced pathologists. Histopathological
findings included tumor grade, stage, and invasion depth.
A total of 30 patients with suspected or confirmed UBC
were prospectively enrolled in the study. Patient
demographics, including age, gender, and clinical history,
were recorded. Imaging findings from T2WI and GE-MRI,
such as tumor size, location, and characteristics, were
documented. Subsequently, histopathological results
obtained from tissue specimens were compared with
imaging findings to assess diagnostic accuracy.

The institutional ethics committee approved the study
protocol (563/20/10-21), and all participants obtained
written informed consent. Patient confidentiality and
privacy were strictly maintained throughout the study.
Descriptive statistics were used to summarize patient
demographics and imaging findings. Sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and accuracy of T2ZWI and GE-MRI were calculated
using histopathology as the reference standard. Statistical
analysis was performed using appropriate software, with p-
values <0.05 considered statistically significant.

Results

The study population consisted of 30 patients with
suspected or confirmed urinary bladder carcinoma. Table 1
presents the detailed demographic characteristics of the
study population.

Table 1: Demographic Characteristics
Characteristic Value
Age (years), Mean + SD 572+85
Gender (Male/Female), n (%) 25 (83.3%)/5 (16.7%)
Smoking History, n (%) Yes: 20 (66.7%)
No: 10 (33.3%)

The mean age of the patients was 57.2 years, with a standard
deviation of 8.5 years. The majority were male (83.3%) with
a history of smoking (66.7%). Occupation distribution
included 12 office workers, 8 manual laborers, 7 retired
individuals, and 3 with other occupations (Figure 1).
Imaging findings from T2-weighted imaging (T2WI) and
gadolinium-enhanced MRI (GE-MRI) were analyzed to
evaluate the presence and characteristics of urinary bladder
carcinoma lesions. Table 2 presents the detailed imaging
findings.

Tumors detected on T2WI had a mean size of 3.5 cm with
irregular margins, necrotic areas, and multifocal growth
patterns. On GE-MRI, tumors had a mean size of 3.8 cm
with enhanced vascularity and infiltration into surrounding
tissues.

The table presents a comparison between imaging findings
from T2-weighted imaging (T2WI) and gadolinium-
enhanced MRI  (GE-MRI) with  corresponding
histopathological diagnoses in a study population of 30
patients. For T2WI, 18 cases of non-invasive papillary
carcinoma, 6 cases of carcinoma in situ, and 6 cases of other
benign lesions were identified, while GE-MRI detected 22
cases of invasive urothelial carcinoma, 3 cases of metastatic
lesions, and 5 cases of other malignant lesions. The
histopathological diagnoses closely mirrored the imaging
findings. Statistical significance, indicated by p-values less
than 0.001, underscores the strong association between
imaging and histopathological results. This comparison
underscores the utility of both imaging modalities in
diagnosing and characterizing urinary bladder carcinoma.

Occupation of study population

Occupation

Retired —7
anua aborer _s

Office worker —12

Figure 1: Distribution of Occupation among the study population
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Table 2: Imaging Findings

Imaging Modality Tumor Size (cm), Mean = SD
T2WI 35+1.2
GE-MRI 38+1.0

Tumor Location

- Bladder wall
Bladder lumen

-Bladder lumen

Tumor Characteristics
- Irregular margins

- Necrotic areas present
- Multifocal tumors

- Enhanced vascularity

- Bladder wall - Infiltration into surrounding
tissues
Table 3: Comparison of Imaging Findings with Histopathological Results
Imaging Modality = Imaging Diagnosis Histopathological Diagnosis p-value
T2WI Non-invasive papillary carcinoma (n=18) Non-invasive papillary carcinoma (n=18) <0.001
Carcinoma in situ (n=4) Other benign Carcinoma in situ (n=6) Other benign
lesions (n=8) lesions (n=6)
GE-MRI Invasive urothelial carcinoma (n=22) Invasive urothelial carcinoma (n=22) <0.001

Metastatic lesions (n=5) Other malignant
lesions (n=3)

Histopathological analysis revealed various diagnoses,

Metastatic lesions (n=3) Other malignant
lesions (n=5)

including non-invasive papillary carcinoma, carcinoma in
situ, and other benign lesions for T2WI-detected lesions.
For GE-MRI-detected lesions, the predominant diagnosis
was invasive urothelial carcinoma, with cases of metastatic

GE-MRI were calculated. Table 4 presents the detailed
statistical analyses. T2WI demonstrated a sensitivity of
85%, specificity of 80%, PPV of 90%, NPV of 75%, and
accuracy of 83.3%. GE-MRI showed slightly higher
sensitivity, specificity, PPV, NPV, and accuracy, with

and other malignant lesions.
Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy of T2WI and

Table 4: Statistical Analyses of Imaging Modalities

values of 90%, 85%, 92%, 80%, and 88.3%, respectively.

Imaging Modality Sensitivity Specificity PPV NPV Accuracy
T2WI 85% 80% 90% 75% 83.3%
GE-MRI 90% 85% 92% 80% 88.3%

Papillary (Ta) transitional cell carcinoma of bladder. Axial T2-weighted
image (TR/TE, 4,000/80) shows polypoid mass (arrow) arising from
right posterolateral wall with homogeneous low signal intensity. Note
that low-signal muscular layer is intact.

Discussion

Study corroborates existing literature regarding the
diagnostic accuracy of T2-weighted imaging (T2WI) and
gadolinium-enhanced MRI (GE-MRI) in the diagnosis and
staging of urinary bladder carcinoma (UBC). The high

T2b transitional cell carcinoma of bladder. Axial arterial phase
gadolinium-enhanced image (200/2.9) shows early enhancement of
sessile mass (arrow).

sensitivity and specificity observed in our results align with
previous studies such as those conducted by Panebianco et
al. (2017) and Roy et al. (2019), which demonstrated the
efficacy of these imaging modalities in detecting and
characterizing bladder lesions (Panebianco et al., 2017; Roy
and Riley, 2019). This consistency underscores the
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reliability of T2WI and GE-MRI as valuable tools in clinical
practice for diagnosing and staging UBC.

T2WI offers excellent soft tissue contrast and provides
detailed  anatomical information, facilitating the
characterization of tumor morphology and invasion depth.
Similarly, GE-MRI enhances vascular visualization and
aids in differentiating benign from malignant lesions
(Mechtler, 2009). These strengths are consistent with the
findings of Panebianco et al. (2017), who highlighted the
utility of T2WI and GE-MRI in assessing bladder lesions.
However, our study, like others, encountered limitations
such as susceptibility to motion artifacts and the need for
contrast agents in GE-MRI, as discussed by Roy et al.
(2019) (Panebianco et al., 2017; Roy and Riley, 2019).
Addressing these limitations through improved imaging
protocols and techniques may further enhance the
diagnostic accuracy of these modalities.

Despite the overall high diagnostic accuracy of T2WI and
GE-MRI, discrepancies between imaging findings and
histopathological results were noted in certain cases. This
phenomenon has been observed in previous studies,
including those by Panebianco et al. (2017) and Roy et al.
(2019), and underscores the complexity of UBC diagnosis
and staging (Panebianco et al., 2017; Roy and Riley, 2019).
The discrepancy emphasizes the importance of a
multidisciplinary ~ approach  involving  radiologists,
urologists, and pathologists to ensure accurate patient
management, as emphasized by Diamantopoulos et al.,
2019 and Shore et al., 2022 (Diamantopoulos et al., 2019;
Shore et al., 2022).

Implications for Clinical Practice and Future Research
Directions: Our findings have significant implications for
clinical practice, affirming the role of T2WI and GE-MRI
as non-invasive imaging modalities for the initial diagnosis
and staging of UBC. Integrating imaging findings with
histopathological results is crucial for optimizing treatment
decisions and improving patient outcomes. Future research
directions may include further refinement of imaging
techniques, such as diffusion-weighted imaging and
dynamic contrast-enhanced MRI, to enhance diagnostic
accuracy, as suggested by Pinker et al. (2014) and Roy et al.
(2019) (Pinker et al., 2014; Roy and Riley, 2019).

Conclusion

In conclusion, our study underscores the importance of
T2-weighted imaging and gadolinium-enhanced MRI in
the diagnosis and staging of urinary bladder carcinoma.
Consistent with previous literature, our findings affirm
the reliability of these imaging modalities in clinical
practice. By acknowledging their strengths and
limitations and integrating imaging findings with
histopathological results, clinicians can enhance the
accuracy of UBC diagnosis and improve patient care.
Continued research efforts are warranted to refine
imaging techniques and further advance the
management of UBC.
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