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ABSTRACT
This narrative review describes the current status of imaging in the evaluation of bladder cancer, considering conventional 
technologies such as ultrasonography, computed tomography urography, and magnetic resonance imaging, as well as novel 
technologies such as contrast-enhanced ultrasonography and dual-energy computed tomography. 
The article is organized by first presenting an introduction on both the anatomy of the bladder (to understand its normal 
appearance on imaging) and the main features of bladder cancer with reference to epidemiology, clinical picture, classification, 
and treatment. Subsequently, the role of imaging is discussed, with an explanation of the technique and applications in bladder 
cancer assessment for each modality. 
Imaging plays a critical role in the detection and staging of bladder cancer. In particular, the role of magnetic resonance imaging 
is expanding because it enables differentiating muscle-invasive bladder cancer from non-muscle-invasive bladder cancer 
using the Vesical Imaging-Reporting and Data System (VI-RADS), along with conventional technologies, such as computed 
tomography urography and ultrasonography. Contrast-enhanced ultrasound and dual-energy computed tomography are new 
imaging modalities that offer special advantages and provide the right approach to patients with oncological conditions. This 
review ends with the presentation of integrated imaging modalities such as positron emission tomography combined with 
computed tomography or magnetic resonance imaging, which are promising methods for bladder cancer staging.
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АННОТАЦИЯ
В статье описаны современные методы визуализации при оценке рака мочевого пузыря с учётом традиционных тех-
нологий (ультразвуковое исследование, компьютерно-томографическая урография и магнитно-резонансная томогра-
фия), а также новых технологий, таких как ультразвуковое исследование с контрастным усилением и двухэнергетиче-
ская компьютерная томография. 
В начале статьи представлены общие данные об анатомии мочевого пузыря для понимания его нормального внеш-
него вида при визуализации, а также основные особенности рака мочевого пузыря с учётом эпидемиологии, клини-
ческой картины, классификации и лечения. Затем обсуждается роль каждого метода визуализации с объяснением 
техники выполнения процедуры и применения в оценке рака мочевого пузыря. 
Визуализация играет важнейшую роль в выявлении и стадировании рака мочевого пузыря. В частности, в последнее 
время возрастает роль магнитно-резонансной томографии, которая, дополняя результаты компьютерно-томографиче-
ской урографии и ультразвукового исследования, позволяет дифференцировать мышечно-инвазивный рак мочевого 
пузыря от немышечно-инвазивного с помощью системы отчётности и данных о визуализации (VI-RADS). Ультразву-
ковое исследование с контрастным усилением и двухэнергетическая компьютерная томография — новые методы 
визуализации, которые обладают особыми преимуществами и обеспечивают правильный подход к пациенту с онколо-
гическими заболеваниями. В конце обзора представлены комбинированные методы визуализации, включающие по-
зитронно-эмиссионную томографию, совмещённую с компьютерной или магнитно-резонансной томографией, которые 
также перспективны при стадировании рака мочевого пузыря.

Ключевые слова: новообразования мочевого пузыря; ультразвуковое исследование; мультипараметрическая 
магнитно-резонансная томография; диагностическая визуализация.

Как цитировать:
Masino F., Eusebi L., Muscatella G., Montatore M., Sortino G., Giannubilo W., Guglielmi G. Традиционные и инновационные методы визуализации при 
раке мочевого пузыря: технология выполнения и применение // Digital Diagnostics. 2024. Т. 5, № 2. С. 318–333. DOI: https://doi.org/10.17816/DD623889

НАУЧНЫЕ ОБЗОРЫ

Рукопись получена: 27.11.2023 Рукопись одобрена: 06.02.2024 Опубликована online: 19.07.2024

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/DD623889
https://doi.org/10.17816/DD623889


320

Article can be used under the CC BY-NC-ND 4.0 International License
© Eco-Vector, 2024

Digital DiagnosticsVol. 5 (2) 2024REVIEWS

收到: 27.11.2023 接受: 06.02.2024 发布日期: 19.07.2024

DOI: https://doi.org/10.17816/DD623889

膀胱癌的传统和创新成像技术：技术与应用
Federica Masino1, Laura Eusebi2, Gianmichele Muscatella1, Manuela Montatore1, 
Giuseppe Sortino3, Willy Giannubilo4, Giuseppe Guglielmi1,5,6

1 Department of Clinical and Experimental Medicine, Foggia University School of Medicine, Foggia, Italy;
2 Radiology Unit, Carlo Urbani Hospital, Jesi, Italy;
3 Urology Unit, Carlo Urbani Hospital, Jesi, Italy;
4 Urology Unit, Civitanova Marche Hospital, Civitanova Marche, Italy;
5 Radiology Unit, Dimiccoli Hospital, Barletta, Italy;
6 Radiology Unit, IRCCS Casa Sollievo della Sofferenza Hospital, San Giovanni Rotondo, Italy

摘要

这篇叙述性综述旨在描述成像技术在膀胱癌评估中的现状，其中考虑到了超声检查（US）、计算机

断层扫描尿路造影（CTU）和磁共振成像（MRI）等传统技术，以及对比增强超声检查（CEUS）和双能

量计算机断层扫描（DECT）等新型技术。文章首先介绍了膀胱的解剖结构，以了解正常的影像学表

现，并结合流行病学、临床、分类和治疗介绍了膀胱癌的主要特征。随后，文章讨论了成像技术的作

用，并解释了每种成像方式在膀胱癌评估中的技术和应用。影像学在膀胱癌的检测和分期中起着

至关重要的作用。尤其是磁共振成像的作用正在不断扩大，因为它能利用膀胱成像报告和数据系 

统（VI-RADS）以及 CTU 和 US 等传统技术区分肌层浸润性膀胱癌和非肌层浸润性膀胱癌。为确

保对肿瘤患者采取正确的治疗方法，CEUS 和 DECT 代表了具有特殊优势的新兴模式。本综述最

后介绍了正电子发射断层扫描（PET）/CT 和 PET/MRI 等综合成像模式，它们是膀胱癌分期的理

想方法。

关键词：膀胱肿瘤；超声检查；多参数磁共振成像；诊断成像。
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INTRODUCTION 
BLADDER ANATOMY

The urinary bladder is a subperitoneal, hollow muscular 
sac that serves as the reservoir of urine and allows its 
expulsion. This highly deformable organ is located in the 
pelvic cavity, behind the symphysis pubis, and below the 
parietal peritoneum. The size and shape of the urinary bladder 
change depending on how much urine it holds, with a total 
storage volume of up to 500 mL, and the pressure exerted by 
other organs. In particular, when filled, the bladder acquires 
a round or oval form [1].

The bladder’s anatomical structure is complex. 
Macroscopically, it is divided into four parts: the apex or dome, 
which is directed anterosuperiorly; the body; the fundus; and 
the neck, which is positioned inferiorly. The bladder’s floor 
has three openings, creating the trigone. The base of the 
trigone is formed by two openings from the ureters, which 
come from a short, oblique, intramuscular course. The third 
is the urethral opening, located at the bladder neck, precisely 
at the inferior angle of the trigone, where urine is expelled 
from the bladder [2, 3].

Microscopically, the bladder has a layered composition, 
similar to that of the ureters. The inner lining is made up of 
a transitional epithelium, known as the urothelium, which 
consists of transitional cells. In a relaxed state, the urothelium 
is 5–7 layers thick; however, it can stretch to accommodate 
increased urine volume. The lamina propria or submucosa, 
which is a subepithelial connective tissue containing muscle 
fibers with variable disposition, lies beneath the urothelium. 
Then, the muscularis propria is composed of the detrusor 
muscle, featuring the inner longitudinal, middle circular, and 
outer longitudinal layers. This smooth muscle is responsible 
for contracting and releasing urine from the bladder. Bladder 
walls are covered by serosa, a thin connective tissue layer 
that continues with the peritoneal layer of the abdominal 
wall and contains blood vessels. In areas without serosa, 
the bladder is enveloped by the adventitia, a layer of loose 
connective tissue [4, 5].

BLADDER CANCER
Bladder cancer (BCa) is a prevalent and aggressive 

malignancy worldwide, secondary to prostate cancer 
considering urogenital tumors [6]. The International Agency 
for Research on Cancer has documented that the following 
risk factors are associated with BC: tobacco smoking; certain 
occupational exposures, such as working in industries like 
aluminum production, rubber production, painting, firefighting, 
and exposure to various dyes (e.g., magenta and auramine) 
or dye intermediates (e.g., 4-aminobiphenyl); environmental 
factors such as X-ray radiation, gamma radiation, and 
arsenic; specific medications such as cyclophosphamide; 
opium consumption; and Schistosoma infection. Other risk 
factors, such as dietary elements, microbiome imbalances, 

gene–environment interactions, exposure to diesel exhaust 
emissions, and pelvic radiotherapy, have shown correlations 
with BCa development [7].

The most common presentation symptom of BCa is an 
asymptomatic macro or microhematuria, known as “painless 
hematuria,” which occurs in approximately 85% of patients. 
To identify the origin of the bleeding, hematuria must be 
carefully characterized as initial, terminal, and total [8]. Other 
frequent presenting symptoms of BCa are linked to bladder 
irritability, such as urinary frequency, urgency, and dysuria. 
Flank pain appears when ureteral obstruction occurs. Less 
common symptoms are lower extremity edema and palpable 
pelvic masses. In advanced cases, patients present with 
weight loss and abdominal or bone pain because of distant 
metastases [9, 10].

Urothelial carcinoma (UC) is the most common BCa 
subtype, followed by squamous cell carcinoma, sarcoma, 
lymphoma, and adenocarcinoma. Two-thirds of all BCa cases 
are non-muscle-invasive BC (NMIBC), whereas one-third 
are muscle-invasive BC (MIBC) and are related to a higher 
risk for metastasis and a significantly worse prognosis [7]. 
BCa morphology can vary depending on tumor growth and 
progression. For example, horizontal growth is typical of 
carcinoma in situ (CIS), whereas exophytic polypoid masses 
or sessile infiltrative lesions are typical of invasive forms 
[8, 6].

BCa is staged using the standard TNM system; as with 
other hollow organs, the T parameter is based on the depth 
of invasion of the layers. In particular, pTa refers to papillary 
carcinoma, an NMIBC type that presents as an exophytic 
mass lesion, whereas pTis refers to the flat CIS, included 
in NMIBC. At T1 stage, the tumor invades the lamina 
propria and is typically treated with transurethral resection 
of the bladder tumor (TURBT) and adjuvant intravesical 
therapy. At T2, the tumor invades the detrusor muscle, 
becoming an MIBC. T3 occurs when a tumor infiltrates the 
perivesical fat, and when it affects the surrounding organs, 
T4 commences. Tumors at T2 and above require more 
aggressive management, such as radical cystectomy [11]. 
The N parameter considers the lymph node involvement. 
N1 and N2 require the presence in the true pelvis of one 
or multiple nodes, respectively. In N3, the metastasis 
reaches the common iliac node. M1 indicates the presence 
of metastasis, with subclassifications of M1a when there is 
no regional lymph node involvement and M1b when other 
distant metastases are present [5,12].

IMAGING MODALITIES
Imaging modalities, including ultrasonography (US), 

computed tomography urography (CTU), and magnetic 
resonance imaging (MRI), play an important role in diagnosing 
and staging BCa. They are crucial for BCa detection and 
differentiating a T1 from a T2, considering that the treatment 
changes significantly between the two stages [13].
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Considering the sensitivity of BCa detection, this parameter 
increases from US to CTU, reaching a very high rate with MRI. 
Nevertheless, the latter is gaining wider applications because 
it is essential in differentiating an NMIBC from an MIBC.

International guidelines recommend US, not excluding 
physical examination, as the first step in the diagnostic 
workup of a suspicious tumor, as in the case of painless 
hematuria, and requires cystoscopy and subsequent biopsy 
for the final diagnosis [8].

Radionuclide diagnostics such as positron emission 
tomography (PET)/CT and PET/MRI have been discussed 
because hybrid imaging methods appear to be promising 
imaging tools in BCa staging, particularly for the detection 
of lymph node and distant metastases, as they are more 
accurate than conventional CT.

This narrative review also includes imaging modalities 
such as dual-energy CT (DECT) and contrast-enhanced US 
(CEUS) that are not mentioned in the habitual diagnostic 
workup but have utility in particular applications.

ULTRASONOGRAPHY
Technique

The patient should drink 300–500 mL of water before the 
examination to enable adequate distension of the bladder, 
which should be filled moderately. If underdistended, the 
evaluation of the bladder wall is limited because a wall 
thickening or a focal mass can be overestimated, whereas 
overdistention leads to patient discomfort and low cooperation.

Transabdominal US is mostly performed, which is 
analyzed in this review. Transvaginal US is performed in 
women to improve spatial resolution if needed, whereas in 
men, transrectal US can be performed if the transabdominal 
approach is limited. The examination is performed with the 
patient in the supine position, with lateral decubitus when 
required.

A convex probe (4.5–6 MHz) is more appropriate, and an 
abdomen/renal preset is suggested. For correct evaluation 
of the organ, the probe should be placed just above the 
symphysis pubis and angled caudally, and scanning should 
be performed in two orthogonal planes and in the oblique 
direction. In this way, the bladder is always centered within 
the field of view during the examination.

The bladder wall appears as layered with the hypoechoic 
muscle between two hyperechoic layers corresponding to 
the serosa and mucosa. The lateral and posterior walls are 
well visualized in US, and the anterior wall is affected by 
the reverberation phenomena, which can be adjusted with 
the time–gain compensation. To selectively explore the 
anterior wall and the vesical cupola, the examination can 
be performed using a higher-frequency linear transducer 
(>7.5 MHz). To evaluate the ureteral jet, which is a normal 
and periodic efflux of urine from the ureter into the bladder, 
color Doppler is necessary for the trigone of the posterior 
wall to exclude a complete ureteral obstruction.

US allows for the evaluation of the vesical capacity and 
residual urine volume. The urine volume is estimated by taking 
the three dimensions in the two orthogonal planes and applying 
an automated formula that includes a correction factor (k) that 
considers the complex shape of the bladder [11, 14].

Applications
Transabdominal US is influenced by various factors, such 

as the amount of vesical filling, the patient’s constitution, 
tumor size and distribution, or previous treatments 
(radiotherapeutic, chemotherapeutic, or surgical) [13]. US 
is reported to be 63% sensitive; in particular, the sensitivity 
rate decreases when male patients suffer from prostate 
hypertrophy, which indicates irregularity of the bladder base 
wall. On the contrary, the sensitivity rate increases when 
compared with cystoscopy in the case of a tumor within 
the diverticula because evaluation of the narrow neck by 
cystoscopy is limited [14].

Generally, BCa can be easily detected when is localized 
on the lateral and posterior walls, considering that most 
UC cases are localized in the posterior walls, and larger, 
which is the most important factor that influences the 
diagnostic sensitivity of US. Tumors can only be detected 
if their maximum diameter is >5 mm. A larger tumor is 
often associated with other signs such as wall rigidity and 
asymmetrical bladder distension. The site of origin of the 
tumor is a less important factor that influences sensitivity, 
although some regions (dome, anterior wall, and base) are 
more difficult to evaluate because of technical reasons [11].

Bladder masses are commonly echogenic, and shaped 
irregularly such as cauliflower-like, and are found either 
mounted on the bladder wall or in areas of the bladder wall 
with irregularly increased thickness. However, BCa features 
in US can differ depending on morphology and appear as 
papillary, infiltrating, or invasive, as well as with mixed 
features of papillary and infiltrating. Papillary forms appear 
as small echogenic masses originating from the bladder 
wall and projecting into the lumen, which are easily detected 
when larger than 2–3 mm. Conversely, if the tumor is a 
superficial carcinoma, it can be recognized only based on a 
soft wall thickening, which presents a normal echo structure 
and is not a sign of invasion. Infiltrating tumors have typical 
small papillary components and hypoechogenicity compared 
with the echogenicity of the vesical wall and the perivesical 
adipose tissue [11, 13, 14].

If a focal mass is detected in the US image, the presence 
of additional lesions must be further explored, considering 
that one-third of tumors are multifocal, and an additional 
evaluation with Doppler that helps in identifying the internal 
vascularity with a rich blood flow signal or a stellate 
morphology and differentiating a potential tumor from a 
blood clot. The latter can be excluded by asking the patient 
to change position from supine to lateral to assess for lesion 
mobility typical of a clot or performing bladder irrigation, 
followed by another US scan [11] (Fig.1).

REVIEWS

DOI: https://doi.org/10.17816/DD623889

https://doi.org/10.17816/DD623889


323
Digital Diagnostics

CONTRAST-ENHANCED 
ULTRASONOGRAPHY
Technique

CEUS, a novel technology, can objectively reflect 
tissue perfusion, using ultrasound contrast agent (UCA). In 
conventional US, the bladder should be adequately distended 
before the examination. Initially, a complete baseline US 
evaluation should be performed before CEUS. The most 
commonly used UCA is sulfur hexafluoride (SonoVue), 
which is a blood pool tracer that never leaves the blood 
vessel and can be used for real-time dynamic imaging of 
microcirculation perfusion. It is injected intravenously (IV) 
in an amount of 2.4 mL, using a 21-G peripheral cannula, 
followed by approximately 5 mL of saline. The UCA remains 
in the circulation for a period sufficient to reach the organ and 
guarantee adequate interpretation of both arterial and venous 
phases. The study is conducted in basal B-mode conditions 
with a low mechanical index to reduce the incidence of 
microbubble rupture.

A normally distended bladder has a thin wall of 
approximately 2 mm, with little signal to the CD, and is 
nearly imperceptible in the initial phase of administration of 
the contrast medium, with a progressive signal enhancement 
up to approximately 2 min [15].

Applications
CEUS utilizes the biological principle that tumors 

exhibit distinct neovascularization patterns, leading to 
variations in contrast agent wash-in and washout times 
compared with non-neoplastic conditions. A key advantage 
of CEUS is its real-time capability. Unlike CT or MRI, which 
requires determining the optimal acquisition time for better 
differentiation of tumors from the surrounding bladder wall, 
CEUS does not necessitate such precise timing because 
the enhancement pattern can vary among patients due 

to factors such as cardiovascular health or the extent of 
microvascularization in BCa. With CEUS, a dynamic real-time 
assessment of enhancement can be performed continuously, 
eliminating the need to pinpoint a specific moment.

Moreover, prolonged BCa enhancement allows for 
a comprehensive exploration of bladder walls with just 
one dose of contrast agent, making it useful in detecting 
multiple cancer foci in multicentric cancers. With arterial 
neovascularization, a common feature of BCa, the signal 
enhancement in papillary and sessile lesions or small focal 
thickening areas is immediately noticeable, similar to that in 
the arterial phase of uro-CT. The signal increase is typically 
uniform, except in larger, high-grade, invasive cases where 
it may be non-uniform, particularly in necrotic regions within 
the tumor [16].

After the rapid arterial phase, most tumors reach a 
plateau with slow washout, although the venous phase 
can vary based on size and cellular differentiation. CEUS 
is valuable for differential diagnosis, helping distinguish 
neoplastic growths from other bladder wall alterations that 
may mimic tumors, such as intravesical clots, adherent 
lithiasis, benign prostatic hypertrophy-related thickening, 
or inflammation-induced wall thickening. Focal or nodular 
enhancement indicates neoplasia in these situations.

BCa detection with CEUS relies on identifying areas of 
focal hyperenhanced wall thickening or enhancing masses 
protruding into the bladder lumen. The use of a contrast agent 
in US improves BCa detection, particularly in cases where 
traditional US studies may be inconclusive because of factors 
such as inadequate bladder distension, history of bladder 
surgeries, obesity, or the presence of an intravesical catheter.

The depth of wall invasion, histological grade, and 
extension beyond the bladder are the main factors for 
determining the prognosis and treatment approach for BCa. 
Although MRI and CT are the preferred modalities for local 
staging, CEUS can aid in evaluating wall invasion by assessing 
the enhancement pattern of the bladder wall. It can help 
differentiate a noninvasive UC from an infiltrating carcinoma 
based on the presence or absence of a hypoechoic layer and 
the enhancement pattern after arterial enhancement [15].

Malignant bladder tumors exhibit distinct enhancement 
patterns compared with benign lesions, making CEUS a 
valuable tool for distinguishing between them and improving 
diagnostic accuracy. CEUS enables real-time observation of 
the blood flow in bladder tumors, aiding in the differentiation 
of benign from malignant tumors. However, compared with 
CT and MRI, its usefulness in bladder staging for infiltrating 
carcinomas is limited because it cannot assess perivesical 
fat infiltration and retroperitoneal lymph nodes (Fig. 2) [16].

COMPUTED TOMOGRAPHY UROGRAPHY
Technique

CTU, a CT examination of the urinary tract, is performed 
with an unenhanced scan and after IV contrast material 

Fig. 1. Transverse ultrasound image of the bladder showing diffuse 
irregular wall thickening with multiple masses and endoluminal 
development. Color Doppler on the largest echogenic lesion, 
localized on the left posterior bladder wall, showed vascularity 
within the mass.
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administration with a multiphasic acquisition to obtain a set 
of images that show a fully opacified and distended intrarenal 
collecting system, ureters, and bladder [17].

More precisely, the protocol includes an unenhanced 
scan of the abdomen and pelvis. After IV administration 
of contrast agent, the phases obtained are as follows: a 
corticomedullary phase 30–40 sec after the injection, 
resulting in an arterial phase; a nephrographic phase 
100 sec after the injection; and an excretory phase 8–12 min 
after the injection. The scan should be in a craniocaudal 
direction, and the extension on the Z-axes should start 
from the diaphragmatic dome to reach the pubic symphysis, 
particularly in the unenhanced and nephrographic scan, 
whereas the corticomedullary and excretory phases can 
start from the upper pole of the kidney.

However, the main limitation of a multiphasic protocol 
is the high radiation exposure, ranging from 25 to 35 mSv. 
For this reason, particularly in young patients, a split-bolus 
technique is suggested. This includes a two-phase protocol 
with an unenhanced scan, followed by two IV injections of 
contrast agent of approximately 80 and 40 mL. After the 
first administration, the corticomedullary scan is obtained 
after 20 sec. After an 8-min delay, the second bolus is 
administered, followed by a scan at 100 sec to obtain the 
nephrographic–excretory phase. The scan should be in 
a craniocaudal direction, and the extension on the Z-axes 
should start from the diaphragmatic dome to reach the 
pubic symphysis, particularly in the unenhanced and 
nephrographic–excretory scan, whereas the corticomedullary 
phase can start from the upper pole of the kidney [18].

Both protocols may be completed with an IV administration 
of 10 mg of furosemide 2–3 min before the corticomedullary 

scan to obtain adequate distension of the upper urinary tracts 
and the bladder. Therefore, an underdistended bladder can 
appear thickened, particularly along its anterior wall, and 
the lumen can show an incomplete mixing of nonopacified 
urine and contrast material, resulting in a urine contrast level 
because the specific gravity of the contrast medium is higher 
than that of urine [17].

Applications
Abdominal CTU is the most commonly used technique, 

thanks to its many advantages, such as wide availability, 
fast scanning, and creation of multiplanar reformatted and 
three-dimensional (3d) reconstructed images. In patients 
suspected or diagnosed with BCa, the examination is 
performed for BCa detection and staging, in the latter case to 
assess the locoregional and distant extension of the disease.

Each phase of the protocol required in a CTU has 
advantages. The unenhanced CT scan is used to measure 
the basal attenuation of the mass to compare it after 
contrast enhancement and identify the presence of stones, 
calcifications, hemorrhages, and clots. The corticomedullary 
phase is used to evaluate suspected vascular abnormalities 
or arterial enhancements. The nephrographic phase is used 
to detect and characterize renal masses. The excretory phase 
is used to assess the urothelium because the bladder is filled 
with dense contrast material and an endoluminal soft tissue 
lesion will appear as a filling defect [19].

BCa can appear as a focal region of bladder wall 
thickening or as a mass protruding into the bladder lumen 
or extending into adjacent tissues in advanced cases. If 
the bladder distension is not adequate, the asymmetry of 
the thickening must be examined. Generally, masses have 

Fig. 2. Sagittal contrast-enhanced ultrasound images showing an enhancing mass of the left bladder wall, not well definable in the B-mode 
as noticed on the left side of the image. 
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soft tissue attenuation and may be encrusted with small 
calcifications.

CTU has the highest accuracy, with a pooled sensitivity 
of 92% and a pooled specificity of 95% in detection and 
staging. Concerning T stages, it is limited in differentiating 
NMIBC from MIBC but can distinguish T3 and T4 tumors. 
Regarding N stages, it enables the assessment of lymph 
node morphology and size. As regards the size, a suspect 
is made when the pelvic, abdominal, and retroperitoneal 
lymph nodes have a short axis, greater than 8 and 10 mm. 
Regarding the morphological criterion, the presence of 
confluent lymph nodes or those with a necrotic center 
is considered a clear sign of lymph node metastasis. 
In the study of lymph nodes, CTU is limited by potential 
overstaging, detected in approximately 30% of cases with 
reactive lymphadenopathies, with a short axis >10 mm, 
and potential substaging when lymph nodes are malignant 
but have dimensions within the limits. Concerning M 
stages, BCa most frequently metastasizes to the pelvic 
and retroperitoneal lymph nodes. The bone is the most 
common site for distant BCa metastases; most appear 
sclerotic but can also be lytic or mixed lytic sclerotic. In 
solid organs, the liver and lung are the most frequent sites 
of metastasis, and other organs are far less frequently 
involved [11].

After the diagnostic workup, for detection requiring further 
examination, an endoscopy with biopsy may be indicated to 
confirm the diagnosis and determine the number, extent, and 
localization of the urothelial tumors [18].

DUAL-ENERGY COMPUTED 
TOMOGRAPHY
Technique

DECT is a novel imaging technology that operates two 
X-ray tubes with different kilovoltages (one lower and one 
higher) to images reconstructed in post-processing.

Considering the purpose of the examination such as 
the detection of a suspicious BCa or its staging, the most 
useful types of images are the virtual monochromatic 
(VMC), virtual non-contrast (VNC), iodine map, and atomic 
map.

VMC generates images similar to those of conventional 
single-energy CT considering quality; however, it provides 
more reliable attenuation values. The lower-energy 
kilovoltage setting can increase contrast among near 
structures, thanks to the high beam attenuation of iodine. 
Consequently, a parietal lesion is easier to recognize. 
The higher-energy kilovoltage setting can decrease noise 
and artifacts. The comparison between the two different 
kilovoltages settings, from VMC-acquired images, also 
produces a spectral attenuation curve, which is a function 
of energies. The latter is attributed to its properties, which 
are useful to improve lesion characterization.

VNC generates images “without contrast” by suppressing 
the iodine material uptake from scans acquired post-contrast. 
Therefore, VNC images are also known as iodine-removed 
images. Accordingly, the radiation dose could be reduced 
because the patient has not undergone the first unenhanced 
scan.

The iodine map is a material-specific image in 
opposition to the iodine-removed image, as iodine is 
selected and not suppressed to show all areas with iodine 
uptake. This image results in a color map that can quantify 
the iodine uptake expressing it in mg/mL. Moreover, it 
allows for distinguishing a vascularized lesion from a 
nonvascularized lesion considering the amount of iodine 
filling the aorta.

The effective atomic number map is a quantitative 
method for assessing material differentiation and evaluating 
attenuation variations as a function of energy [3].

Applications
DECT, a new imaging method, may help overcome 

the main limitations of CT such as ionizing radiation 
overexposure typical of patients with oncological 
conditions who underwent repeated acquisitions and tight 
follow-up.

Moreover, DECT allows for better lesion characterization, 
thanks to post-processing reconstruction.

VNC images provide a true unenhanced image that 
helps exclude the presence of stones, calcifications, and 
fresh bleeding that appears hyperdense in the typical 
basal scan and in measuring the attenuation value of 
reference for the subsequent post-contrast graphic 
scans.

The spectral curve, in the case of bladder wall thickening, 
shows a curve tending to increase from lower values of 
kilovoltage setting.

VMC images at low-energy kilovoltage settings generate 
better contrast of the tumor despite the nearby regions and 
increase the sensitivity in tumor detection. Moreover, by 
normalizing the iodine quantification to that of the aorta, 
in the nephrographic phase, this image type had increased 
specificity when a threshold of ≥3.0 mg/mL is reached and 
allows the differentiation of a vascular from a nonvascular 
lesion. The formula is as follows: |I| normalized=|I| lesion⁄|I| 
aorta [20, 21].

DECT advantages also concern BCa staging because iodine 
maps enable easier evaluation of the tumor infiltration of 
wall layers, including the muscular layer in differentiating an 
NMIBC from an MIBC and evaluating lymph node involvement 
and presence of metastases.

For treatment planning, the application of this 
technology may be crucial because it can better assess the 
relationship between the tumor and a vascular structure, 
with increased contrast obtained with the VMC at a lower 
kilovoltage setting, offering an important parameter 
(Fig. 3 and 4) [22].
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Fig. 3. Multiplanar iodine map images showing different attenuations of multifocal masses, the main localized on the left posterior wall, 
with different Av values compared with the Av endoluminal value. The spectral curve (upper left side) allowed the characterization of 
materials because each material has a different attenuation curve.

Fig. 4. Multiplanar iodine map with coloring overlap showing different attenuations of multifocal masses, the main localized on the 
left posterior wall, with different Av values compared with the endoluminal Av value. The spectral curve (upper left side) allowed the 
characterization of materials because each material has a different attenuation curve. 
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MAGNETIC RESONANCE IMAGING
Technique

For adequate examination, the preparation of the patient 
with moderate bladder distention is crucial. The patient 
should urinate and start drinking 500 mL of water about 2.5 h 
before MRI.

A targeted scan with the localizer can guide the technician 
in starting the test when the bladder is properly distended.

Bladder distension, as mentioned before, is essential in 
BCa evaluation. The bladder wall may appear thickened, and 
underdistension may lead to a misdiagnosis. Conversely, 
overdistension may cause discomfort in patients, who would 
move during artifact detection, or interrupt the examination 
if the patient could not hold more urine.

Generally, using a 1.5-T MRI scanner, the examination 
is performed with the patient in a supine position, and 
sequences necessary for a proper bladder evaluation are as 
follows: T1-weighted (T1W) fast spin echo on the axial plane; 
T2W sequences with high resolution and narrow field of view 
on axial, sagittal, or coronal plane and with fat suppression; 
diffusion-weighted imaging (DWI) and apparent diffusion 
coefficient (ADC); and finally, DCE-MRI with T1W 3D gradient 
echo and the Dixon three-point method.

In female patients, images must include not only the urinary 
bladder but also the uterus, ovaries, and vagina, whereas in 
male patients, the images must include the prostate [5].

Applications
 In BCa evaluation, MRI is mainly applied in local tumor 

staging because it allows distinguishing the presence and 
absence of muscular infiltration, resulting in the differentiation 
between NMIBC and MIBC, and stages ranging from T1 to >T2.

The bladder wall has multilayers, with the urothelium 
and lamina propria appearing as a hyperintense line only 
after contrast agent administration, in the early phase of 
DCE-MRI sequences. The muscular layer appears as a 
low-intensity line on T2W, medium-intensity line in DWI and 
ADC sequences, and with a late and gradual enhancement in 
DCE-MRI [5].

The development of the vesical imaging-reporting and data 
system (VI-RADS) score helps standardize the approach to MRI 
acquisition, interpretation, and reporting in patients diagnosed 
with BCa through TURBT. The score ranges from 1 to 5 and 
expresses the increasing risk of invasion of the detrusor muscle 
[6]. For accurate examination, the sequences include T2W, 
DWI/ADC, and DCE with each sequence generating a score of 
1–5. T1W is not useful for differentiating MIBC from NMIBC 
because the detrusor muscle shows intermediate-signal 
intensity as well as a cancerous process [23].

Initially, the structural information in the T2W must be 
analyzed, evaluating the integrity of the muscular layer in 
T2W that should appear as homogeneously hypointense in 
contrast with a hyperintense signal of the bladder content. 
Then, the signal on DWI/ADC and DCE sequences must be 

evaluated. In tumors, the signal would appear hyperintense 
on DWI and hypointense on the ADC map, and there is an early 
enhancement of the inner layer. After obtaining information 
from each sequence, the combination of the different scores 
is compared to obtain the final VI-RADS score.

VI-RADS 1 is assigned when there is an interruption of 
the intensity signal line corresponding to the muscular layer 
in T2W. The maximum size reached from the lesion (sessile 
or vegetating) is 1 cm. VI-RADS 1 suggests an NMIBC.

VI-RADS 2 is assigned when there is an interruption of 
the intensity signal line but with a diameter >1 cm. The lesion 
could be associated with edema, appearing with a thickening 
line, and related to an increasing probability of invasion. 
VI-RADS 3 expresses a doubt: there is no clear disruption 
of the low-signal intensity of the muscular layer in T2W. 
VI-RADS 4 is assigned when there is a certain invasion of the 
muscular layer. VI-RADS 5 is assigned when the muscular 
layer invasion is associated with the involvement of the 
nearly adipose tissue.

In case of a discrepancy in results, the DWI/ADC map and 
DCE will prevail to downgrade and upgrade lesions [5].

MRI also plays a role in post-therapeutic approach in BCa, 
concerning patient evaluation after neoadjuvant chemotherapy 
and immunotherapy, which is the last revolution in the 
treatment MIBC. The purpose is to assess the lesion after 
treatment under T2W, DWI/ADC, and DCE sequences and 
establish the response to the therapy, which can be partial, 
complete, or absent. In this context, the VI-RADS scoring 
system has shown promising results [24].

In conclusion, MRI is rapidly becoming a leading imaging 
modality in BCa diagnostic workup, assessment of response 
to therapies, and longitudinal surveillance and plays an 
important role in treatment planning for BCa surgical and 
radiation therapy. Nevertheless, transurethral resection 
biopsy is required for tumor grading and cannot be replaced 
by MRI (Fig. 5 and 6).

RADIONUCLIDE HYBRID IMAGING: 
POSITRON EMISSION TOMOGRAPHY/
COMPUTED TOMOGRAPHY AND 
POSITRON EMISSION TOMOGRAPHY/
MAGNETIC RESONANCE IMAGING

PET/CT combines PET and CT into a single imaging 
modality. 2-Fluorine-18-fluoro-2-deoxy-d-glucose (FDG) is 
the most common radiotracer in oncology; therefore, FDG 
PET/CT is widely used in the clinical management in many 
cancer types [25, 26].

As an analog of glucose, 18F-FDG is taken up within 
tumor cells via GLUT and other transporters where it is 
phosphorylated by hexokinase but not further metabolized, 
leading to intracellular accumulation. PET/CT offers a 
high-sensitivity scan for metabolic activity with precise 
anatomical localization [27].
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Fig. 5. (a) Multiplanar T2W sequences showing a mass on the left posterior wall, >1 cm in size, with an intermediate signal of the muscular 
layer (VI-RADS 4). (b) DWI sequence and ADC maps showing a lesion with significantly limited diffusion, extending through the muscular 
layer. The low ADC value of approximately 0.9 × 10−3 mm2/sec denote malignancy (VI-RADS 4). (c, d) DCE sequence showing early and 
heterogeneous enhancement of the lesion, extending through the muscular layer (VI-RADS 4). The VI-RADS overall score was four. Image 
source: Eusebi Laura, Masino Federica, Gifuni Rossella, Fierro Davide, Michele Bertolotto, Cova Maria Assunta, Giuseppe Guglielmi. Role 
of Multiparametric-MRI in Bladder Cancer. Current Radiology Reports 11, 69–80 (2023). https://doi.org/10.1007/s40134-023-00412-5. 
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license 4.0 
(http://creativecommons.org/licenses/by/4.0/).

Fig. 6. (a) Multiplanar T2W sequences showing a mass, >1 cm, on the right lateral wall of the bladder dome, with an intermediate signal 
extending through the muscular layer and invading the perivesical adipose tissue (VI-RADS 5). (b) DWI sequence and c ADC map showing 
a significantly limited diffusion lesion extending through the muscular layer and invading the perivesical adipose tissue (VI-RADS 5). 
(c) DCE showing an early and heterogeneous improvement of the lesion extending through the muscular layer and the perivesical 
adipose tissue (VI-RADS 5). The VI-RADS overall score was five. Image source: Eusebi Laura, Masino Federica, Gifuni Rossella, Fierro 
Davide, Michele Bertolotto, Cova Maria Assunta, Giuseppe Guglielmi. Role of Multiparametric-MRI in Bladder Cancer. Current Radiology 
Reports 11, 69–80 (2023). https://doi.org/10.1007/s40134-023-00412-5. This article is an open access article distributed under the terms 
and conditions of the Creative Commons Attribution (CC BY) license 4.0 (http://creativecommons.org/licenses/by/4.0/).
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In BCa, in recent years, this hybrid imaging technique 
is increasingly used for recurrence detection after radical 
cystectomy [25, 26].

Considering that urothelial tumors have a high FDG uptake, 
urinary excretion of FDG may mask tumors in all the urinary 
tract extension, particularly in the bladder. Because of this 
important limitation in this technique, several methods have 
been investigated and tested to reduce urine FDG activities, 
particularly profuse water uptake, diuretic administration, 
and catheterization are helpful. However, catheterization that 
involves flushing and retrograde bladder filling can increase 
the risk of iatrogenic urinary tract infection and consequently 
increase hospitalization times. Conversely, this limitation 
consists in the application of early dynamic images that 
could be useful for BCa detection before the excretion and 
collection of FDG in the bladder [25].

Currently, FDG PET/CT is not recommended as the initial 
diagnostic or as a primary staging tool because it is assumed 
to be unable to evaluate microscopic perivesical fat invasion 
and adjacent-organ involvement. Nevertheless, it may be 
used to assess treatment response, detect any residual or 
recurrent diseases, and differentiate scar tissue from active 
tumors [26].

PET/MRI is a hybrid imaging modality that combines 
the functional information provided by PET and the 
detailed anatomical images obtained through MRI. The PET 
component, typically using FDG as a tracer, highlights areas 
with increased metabolic activity, which is often indicative of 
cancerous tissue. Conversely, the MRI component provides 
a great contrast of soft tissue. Considering these premises, 
PET/MRI could overcome the intrinsic limitation of PET/CT in 
assessing local disease extent because quality MR images 
can help in assessing the spread of malignant tissue in the 

perivesical fat and the involvement of the muscular layer 
[28]. Nevertheless, the sensitivity of PET/MRI is still very low 
in diagnosing early-stage BCa because of the renal excretion 
of the FDG PET tracer; thus, small lesions in the bladder wall 
can be missed [29].

CONCLUSIONS
Imaging is crucial in BCa evaluation, particularly in 

detection and staging. Conventional technologies such as 
US, particularly CTU, are nowadays flanked by MRI, which 
is acquiring importance because it allows the differentiation 
of NMIBC from MIBC through VI-RADS. Combined imaging 
techniques such as PET/CT and PET/MRI are promising tools 
in BCa staging. Emerging modalities such as CEUS and DECT 
are not included in the typical diagnostic and staging process 
but have applications in particular conditions and can provide 
useful information for both the clinicians and radiologists to 
guarantee the proper approach to patients with oncological 
conditions, with a future eye on increasingly personalized 
medicine. 
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