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Abstract

Background: Bladder cancer is a common malignancy with significant morbidity and mortality. Early
detection and accurate staging are crucial for effective treatment planning. Ultrasound is a non-invasive
imaging tool used for initial evaluation, but its correlation with histopathological findings needs further
validation. This study aimed to assess the diagnostic accuracy of ultrasound in predicting tumor characteristics
compared to histopathology.

Methods: This cross-sectional study was conducted at the Department of Radiology and Imaging, BSMMU,
Dhaka, from January 2020 to October 2020, including 120 patients with suspected bladder cancer. Ultrasound
findings, including tumor shape, echogenicity, size, and wall invasion, were recorded and compared with
histopathological results. Data were analyzed using SPSS 22, with sensitivity, specificity, and accuracy
calculated for ultrasound-based predictions.

Results: The study population had a male predominance (73.3%), with a mean age of 60.2 years. Smoking
history was present in 65% of patients. Ultrasound detected polypoid tumors (56.7%), hyperechoic lesions
(36.7%), and muscle invasion (55.8%). Histopathology confirmed urothelial carcinoma (81.7%), with 60% of
tumors classified as high-grade. Ultrasound showed 86.9% sensitivity, 79.2% specificity, and 83.5% accuracy
in detecting muscle invasion.

Conclusion: Ultrasound is a valuable tool for initial evaluation of bladder cancer, demonstrating moderate to
high diagnostic accuracy. However, histopathological confirmation remains essential. Future studies should
explore combining ultrasound with MRI and molecular diagnostics for improved accuracy.
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correlation.

exposure to industrial chemicals, and chronic
urinary tract infections [2]. Early and accurate
Bladder cancer is one of the most common detection is crucial for better prognosis and treatment
malignancies worldwide and represents a outcomes [3].

significant health burden, particularly in
developing countries [1]. It ranks as the ninth
most frequently diagnosed cancer globally and is

1. INTRODUCTION

Ultrasound (USG) is widely used as a non-
invasive, cost-effective, and readily available

more prevalent in men than women. In imaging tool in the initial assessment of bladder
Bangladesh, bladder cancer incidence has been ~ tumors [4]. It helps detect bladder wall
increasing, partly due to factors such as smoking, ~ irregularities, tumor size, shape, echogenicity,
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and vascularity. However, ultrasound findings
alone are often insufficient to determine tumor
grade and depth of invasion, which are essential
for treatment planning [5]. Histopathological
examination remains the gold standard for
definitive diagnosis, classifying tumors into
urothelial carcinoma, squamous cell carcinoma,
adenocarcinoma, and other rare subtypes [6]. It
also differentiates between low-grade and high-
grade tumors and determines whether the tumor
is non-muscle invasive bladder cancer (NMIBC)
or muscle-invasive bladder cancer (MIBC),
which significantly impacts management
decisions [7].

While cystoscopy and biopsy are the most
reliable methods for confirming bladder cancer,
they are invasive, expensive, and may not always
be immediately accessible in resource-limited
settings [8]. In contrast, ultrasound provides a
quick preliminary diagnosis, helping clinicians
decide whether further invasive testing is
necessary [9]. However, its diagnostic accuracy
varies depending on tumor characteristics and
operator expertise [10, 11]. Several studies have
investigated the correlation between ultrasound
findings and histopathological outcomes, but
data specific to Bangladeshi patients, particularly
from a tertiary care setting like BSMMU, remain
limited.

This study aimed to evaluate the correlation
between ultrasound features and
histopathological findings in bladder cancer
patients at BSMMU, Dhaka, to assess the
reliability of ultrasound in predicting tumor
characteristics. By analyzing parameters such as
tumor size, shape, echogenicity, and invasion
depth on ultrasound and comparing them with
histopathology, this study seeks to determine the
diagnostic accuracy of ultrasound in detecting
malignancy and muscle invasion. Findings from
this research could contribute to improving
bladder cancer diagnosis in Bangladesh and
provide valuable insights for clinicians in
resource-limited settings.

3. RESULTS

2. METHODOLOGY AND MATERIALS

This cross-sectional study was conducted at the
Department of Radiology and Imaging,
BSMMU, Dhaka, from January 2020 to October
2020, with a total sample size of 120 patients
suspected of having bladder cancer. Patients who
underwent ultrasound evaluation followed by
histopathological confirmation were included.
Inclusion criteria consisted of patients aged 18
years or older with bladder masses detected on
ultrasound and who subsequently underwent
biopsy. Exclusion criteria included patients with
previously diagnosed bladder cancer under
follow-up, those with incomplete imaging or
histopathological data, and cases with poor-
quality ultrasound images.

All  patients  underwent  transabdominal
ultrasound (TAUS) using a high-resolution
ultrasound machine, assessing tumor
characteristics such as size, shape (polypoid,
sessile, or irregular), echogenicity (hyperechoic,
hypoechoic, or mixed), wall involvement
(superficial vs. muscle-invasive), and vascularity
(low, moderate, or high) on Doppler imaging.
Following ultrasound, patients underwent
cystoscopic biopsy, and the histopathological
evaluation classified tumors based on type
(urothelial carcinoma, squamous cell carcinoma,
adenocarcinoma), grade (low vs. high), and
invasion depth (non-muscle invasive vs. muscle-
invasive bladder cancer - NMIBC vs. MIBC).

The correlation between ultrasound findings and
histopathological diagnosis was assessed using
SPSS version 22. Descriptive statistics were
applied to summarize demographic and clinical
characteristics. The sensitivity, specificity,
positive predictive value (PPV), and negative
predictive value (NPV) of ultrasound in detecting
malignancy and tumor invasion were calculated.
Pearson’s or Spearman’s correlation analysis was
performed to assess the relationship between
ultrasound features and histopathological
outcomes.

Table 1. Patient Demographics and Clinical Characteristics

Characteristic

Number (n=120)

Percentage (%)

Age Group (years)

30-50 33 27.50%

51-70 62 51.70%

>70 25 20.80%
Gender
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Male 88 73.30%
Female 32 26.70%
Smoking History
Smoker 78 65.00%
Non-smoker 42 35.00%

Table 1 presents the demographic and clinical
characteristics of the 120 bladder cancer patients
in the study. The majority of patients (51.7%)
were aged 51-70 years, followed by 30-50 years
(27.5%) and above 70 years (20.8%), indicating
a higher prevalence in middle-aged and older

Table 2. Ultrasound Findings in Bladder Cancer Patients

individuals. Male patients (73.3%) were more
commonly affected than females (26.7%). A
significant proportion of patients (65.0%) had a
history of smoking, reinforcing its association
with bladder cancer.

Ultrasound Feature Number (n=120) Percentage (%)
Tumor Shape
Polypoid 68 56.70%
Sessile 37 30.80%
Irregular 15 12.50%
Echogenicity
Hyperechoic 44 36.70%
Hypoechoic 42 35.00%
Mixed 34 28.30%
Tumor Size (cm)
<3 cm 47 39.20%
>3cm 73 60.80%
Wall Invasion
Superficial 53 44.20%
Muscle-Invasive 67 55.80%

Table 2 summarizes the ultrasound findings in
bladder cancer patients. The most common tumor
shape was polypoid (56.7%), followed by sessile
(30.8%) and irregular (12.5%). Echogenicity
varied, with hyperechoic (36.7%), hypoechoic
(35.0%), and mixed (28.3%) patterns observed.

Table 3. Histopathological Findings

Tumor size was predominantly larger than 3 cm
(60.8%), while 39.2% of tumors measured <3
cm. Regarding wall invasion, 55.8% of cases
were muscle-invasive, while 44.2% were
superficial.

Histopathological Feature Number (n=120) Percentage (%)
Tumor Type
Urothelial Carcinoma 98 81.70%
Squamous Cell Carcinoma 17 14.20%
Adenocarcinoma 5 4.10%
Tumor Grade
Low-Grade 48 40.00%
High-Grade 72 60.00%
Tumor Invasion
Non-Muscle Invasive (NMIBC) 54 45.00%
Muscle-Invasive (MIBC) 66 55.00%

Table 3 presents the histopathological findings of
bladder cancer patients. The majority of cases
were urothelial carcinoma (81.7%), followed by
squamous cell carcinoma (14.2%), and a small
proportion of adenocarcinoma (4.1%). In terms
of tumor grade, 60.0% were classified as high-
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grade, while 40.0% were low-grade, indicating a
predominance of more aggressive tumors.
Regarding tumor invasion, 55.0% of cases were
muscle-invasive (MIBC), while 45.0% were non-
muscle invasive (NMIBC).
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Table 4. Correlation between Ultrasound and Histopathological Findings

Ultrasound Feature | Histopathology Finding | Sensitivity (%0) Specificity (%) Accuracy (%)
Wall Invasion Muscle-Invasive Tumor 86.90% 79.20% 83.50%
Tumor Shape High-Grade Tumor 81.50% 76.30% 78.90%
Echogenicity Urothelial Carcinoma 78.80% 71.20% 74.90%

Table 4 shows the correlation between ultrasound
features and histopathological findings in bladder
cancer patients. Ultrasound detection of wall
invasion had the highest sensitivity (86.9%),
specificity (79.2%), and accuracy (83.5%) in
identifying muscle-invasive tumors. Tumor
shape was also a strong predictor of high-grade
tumors, with 81.5% sensitivity, 76.3%
specificity, and 78.9% accuracy. Echogenicity
correlated with urothelial carcinoma, showing
78.8% sensitivity, 71.2% specificity, and 74.9%
accuracy.

4. DISCUSSION

Bladder cancer remains a significant health
concern globally, with its incidence influenced
by factors such as age, gender, smoking history,
and tumor characteristics. Ultrasound serves as a
valuable non-invasive imaging tool, offering
insights into tumor morphology, echogenicity,
size, and wall invasion, which correlate with
histopathological findings. This study aimed to
evaluate the diagnostic accuracy of ultrasound in
predicting tumor characteristics compared to
histopathology, the gold standard.

Kirkali et al., emphasized that males are at a
higher risk of bladder cancer due to prolonged
exposure to carcinogens, particularly tobacco
smoke [12]. Our study aligns with this, as 73.3%
of patients were male, while 65% had a history of
smoking, reinforcing its role in bladder cancer
pathogenesis. Rodriguez et al. reported that
bladder cancer primarily affects older adults due
to cumulative exposure to carcinogens [13]. Our
findings support this, with 51.7% of cases
occurring in the 51-70 age group.

Zhang et al. observed that polypoid tumors are
more commonly associated with non-muscle
invasive bladder cancer (NMIBC), while sessile
or irregular tumors tend to be more aggressive
[14]. Similarly, our study found that polypoid
tumors (56.7%) were the most common,
followed by sessile (30.8%) and irregular
(12.5%) tumors. Wong-You-Cheong et al.,
reported that hypoechoic tumors are often
associated with high-grade malignancies, a
finding consistent with our results, where 35% of
tumors were hypoechoic [15]. Tumor size is a
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crucial factor in staging, as larger tumors are
more likely to be muscle-invasive (MIBC).
Gupta et al., emphasized that early detection of
small tumors is vital to prevent progression to
MIBC [16]. Our study supports this, as 60.8% of
tumors measured >3 cm, and 55.8% showed
muscle invasion, highlighting the need for
accurate staging tools.

Williams et al., found that urothelial carcinoma
accounts for the majority of bladder cancer cases,
which aligns with our study, where 81.7% of
tumors were urothelial carcinoma [17]. Bertz et
al. emphasized that high-grade tumors exhibit
rapid progression and require aggressive
treatment [18]. Our study confirmed this trend,
with 60% of tumors classified as high-grade,
reinforcing the importance of early detection and
aggressive treatment strategies. Mahdavinezhad
et al., discussed that early-stage bladder cancer is
often confined to the mucosa or submucosa
(NMIBC), whereas advanced cases penetrate the
muscle layer (MIBC) [19]. Our study aligns with
this, as 45% of tumors were NMIBC, while 55%
were MIBC, further underscoring the importance
of accurate staging for treatment decisions.

Gupta et al., found that ultrasound had high
sensitivity (86.9%) and specificity (79.2%) for
detecting muscle-invasive tumors, findings that
closely match our results [16]. However, they
noted that wultrasound may sometimes
underestimate deep muscle invasion,
necessitating further imaging like MRI. Oezden
et al., emphasized that sessile and irregular
tumors are more likely to be aggressive, which
aligns with our study’s finding that tumor shape
had a sensitivity of 81.5% and specificity of
76.3% in predicting high-grade tumors [20].
Huang et al., reported that echogenicity alone is
insufficient for definitive diagnosis, despite its
usefulness in initial screening [21]. Similarly, our
study found that echogenicity had an accuracy of
74.9% in detecting urothelial carcinoma,
reinforcing the need for histopathological
confirmation.

Riesz et al., highlighted that fluorescence in situ
hybridization (FISH) and urinary biomarkers
(e.g., miR-141, miR-200c) can enhance bladder
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cancer detection, which presents a potential
avenue for future research [22]. Integrating
molecular diagnostics with imaging could further
improve diagnostic accuracy. Panebianco et al.,
emphasized the advantages of dynamic contrast-
enhanced MRI (DCE-MRI) and diffusion-
weighted imaging (DWI) in staging bladder
cancer [23]. As our study found moderate
specificity in ultrasound-based staging, future
research should explore the integration of
ultrasound with advanced imaging modalities for
improved accuracy.

5. LIMITATIONS OF THE STUDY

This study's limitations include its cross-
sectional design and reliance on ultrasound,
which may not fully capture all tumor
characteristics, particularly in early or small
tumors. Additionally, the sample was drawn from
a single tertiary care hospital, limiting
generalizability, and histopathological results
may be influenced by inter-observer variability.

6. CONCLUSION

This study reinforces that ultrasound provides
valuable insights into  bladder cancer
characteristics, particularly in resource-limited
settings. Ultrasound alone is insufficient for
definitive diagnosis, necessitating the use of
histopathology and advanced imaging for
accurate staging. Future research should focus on
combining ultrasound with MRI, CT, and
molecular diagnostics to enhance early detection
and treatment planning.
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