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 Abstract: 

Urinary bladder cancer is a heterogeneous disease with a variety of pathologic features, 

cytogenetic characteristics, and natural histories. This review discusses improvements in staging, 

with particular focus on the most recent advances in imaging techniques for urothelial carcinoma 

of the bladder. Narrative review search was performed in July 2018 using the PubMed and 

Embase databases for articles discussing the imaging methods in detection of bladder cancer. 

Early discovery of bladder cancer is essential, because up to 47% of bladder cancer-- relevant 

fatalities may have been avoided. Conventional CT and MR imaging are only moderately exact in 

the diagnosis and local staging of bladder cancer; cystoscopy and pathologic staging stay the 

standards of reference. Whole-body CT is the primary imaging strategy for spotting metastases in 

affected patients, especially those with muscleinvasive condition. The function of more recent 

MR imaging sequences in the diagnosis and local staging of bladder cancer proceeds to evolve. 

Breakthroughs in MR imaging technology have made multiparametric MR imaging possible for 

the regional staging of bladder cancer to enhance treatment. Contrast improved ultrasound boosts 

uniqueness and level of sensitivity of bladder tumor detection and might function as a follow-up 

assessment for ambiguous ultrasound outcomes. 
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 Introduction: 

Bladder cancer is the most frequent kind of tumor of the urinary tract and is most prevalent in the 

fifth to seventh decades of life [1].Clinical managing of urinary bladder cancer is identified 

mostly on the basis of differentiating superficial tumors (stage T1 or lower) from invasive ones 

(phase T2 or higher), because the treatment choices differ significantly. Superficial tumors are 

managed with transurethral resection with or without adjuvant intravesical chemotherapy or 

photodynamic therapy [2], whereas invasive tumors are treated with radical cystectomy, radiation 

therapy, chemotherapy, or a mix of these [3].Therefore, preoperative imaging could be crucial to 

medical diagnosis if maybe made use of to differentiate exactly in between both groups of 

bladder cancer. Magnetic resonance (MR) imaging is significantly utilized in the detection of 

bladder cancer [4].It can also aid enhance the determination of tumor extent. Writers of lots of 

research studies have investigated the accuracy of MR imaging in regional staging [5], [6]. 

Urinary bladder cancer is a heterogeneous disease with a variety of pathologic features, 

cytogenetic characteristics, and natural histories. This review discusses improvements in staging 

,with particular focus on the most recent advances in imaging techniques for urothelial carcinoma 

of the bladder. 

 

 Methodology: 
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Narrative review search was performed in July 2018 using the PubMed and Embase 

databases for articles discussing the imaging methods in detection of bladder cancer. We 

limited to articles published in English language with human subjects. Furthermore, 

references list of each found articles were reviewed for more relevant studies to support our 

review article. 

 

 Discussion: 

• Pathologic Features  

Regarding 90% of bladder tumors are urothelial in beginning (ie, transitional cell carcinomas). 

Squamous cell cancers make up 6%-8% of all bladder cancers cells [7], [8].Adenocarcinomas are 

rare and usually stand for urachal cancer. Approximately 25% of urothelial cancers cells have a 

blended histology that consists of small cell neuroendocrine, micropapillary (resembling serous 

papillary cancer of the ovary), sarcomatoid, and plasmacytoid elements. These variants have 

considerably worse prognoses compared to do the pure urothelial cancers cells. One of the most 

usual etiologic factors for urothelial tumors are smoking and job-related direct exposure to 

chemical health hazards such as aniline dyes [9],[10].Cigarette cigarette smoking is believed to 

be the causative consider 50%-60% of men and one-third of females who develop bladder cancer 

[11],[12].The relative threat of existing smokers for fatality from bladder cancer is 3.3 in males 

and 2.2 in women. Iatrogenic threat aspects for urothelial tumors are restorative irradiation of 
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surrounding body organs and using alkylating representatives. Although it is rare, there is a 

genetic tendency to the development of urothelial tumors in some families [13],[14].Threat 

elements for squamous cell cancer consist of long-lasting catheterization, nonfunctioning bladder, 

urinary system calculi, and chronic infection by Schistosoma hematobium. 

Urothelial tumors are classified as either invading muscle (nonpapillary) or not invading muscle 

(superficial or papillary). About 80%-85% of urothelial tumors are non-muscle invasive. These 

are low-grade sores, could be multifocal, and arise from a hyperplastic epithelium. They usually 

have a great prospects and rarely develop into an invasive cancer, although urothelial 

reoccurrence rates have to do with 50% [15], [16]. Approximately 20%-25% of bladder cancers 

are muscle invasive, emerge from serious dysplasia or carcinoma sitting, and have a higher 

histologic grade [17].Non-muscle-invasive urothelial tumors have a greater rate of reoccurrence 

compared to do the muscle-invasive selection. If left without treatment, they are a forerunner of 

muscleinvasive tumors. Almost all situations of squamous carcinoma and adenocarcinoma of the 

bladder are invasive at the time of diagnosis. These two kinds of bladder cancer could bring a 

worse prospects than do urothelial tumors, despite having hostile surgical therapy and 

chemotherapy. 

• Genetic Characteristics 

Non-muscle-invasive and muscle-invasive tumors behave in a different way because they harbor 

distinctive hereditary defects and develop along 2 separate pathways (Fig 1). Non-muscle-

invasive tumors are identified by activating mutations in the HRAS gene and fibroblast growth 

element. These genes contribute in regulating the RTK (receptor tyrosine kinase)/ RAS signaling 

pathway. Activation of the RTK/RAS pathway results in the growth of hatred. Patients with 

nonmuscle-invasive tumors might gain from RTK/ RAS pathway inhibition. Muscle-invasive 
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tumors are characterized by structural and functional flaws in the p53 and retinoblastoma tumor 

suppressor paths. Both of these proteins play vital duties in cell cycle control [18], [19].These 

high-grade tumor versions have a tendency to technique regardless of extreme surgery, yet 

influenced patients might potentially benefit from substitute treatments that recover the functions 

of p53 and retinoblastoma. On the basis of the molecular pathogenesis of bladder cancer, a 

number of U.S. Food and Drug Administration- authorized biomarkers are offered for forecasting 

disease reappearance and survival after extreme cystectomy [20].To date, however, none of the 

accepted biomarker assays remove the demand for analysis or surveillance cystoscopy [21]. 

 

 
Figure 1. Chart illustrates the molecular biology of muscle-invasive and non-muscle-invasive papillary 

tumors [18-21]. 

• Symptoms  

The most typical presenting symptom of bladder cancer is painless macroscopic haematuria. The 

prevalence of bladder cancer in patients with macroscopic haematuria is between 12 and 20% 

[22].Various other presenting signs consist of unexplained urinary frequency, urgency and 
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dysuria. Pelvic discomfort and symptoms because of urinary tract obstruction are located in 

advanced tumors. Bladder cancer is organized utilizing the TNM (tumornode-metastasis) staging 

system (Table1) [23].In this system, T phase is based upon the level of invasion of the bladder 

wall surface (Fig 2). 

Table 2. TNM Guidelines for the Staging of Urinary Bladder Cancer[23]. 

Descriptor Definition 
Tumor  
Tx 
T0 
Ta 
Tis 
T1 
T2 
T2a 
T2b 
T3 
T3a 
T3b 
T4 

 
Primary tumor cannot be evaluated 
No primary tumor 
Noninvasive papillary carcinoma 
Carcinoma in situ 
Tumor invades connective tissue under the epithelium (surface layer) 
Tumor invades muscle 
Superficial muscle affected (inner half) 
Deep muscle affected (outer half) 
Tumor invades perivesical fat 
Tumor is detected microscopically 
Extravesical tumor is visible macroscopically 
Tumor invades the prostate gland, uterus, vagina, pelvic wall, or abdominal wall  

Node 
Nx 
N0 
N1 
N2 
 
N3 

 
Regional lymph nodes cannot be evaluated 
No regional lymph node metastasis 
Metastasis in a single lymph node<2 cm in size 
Metastasis in a single lymph node> 2 cm but< 5 cm in size , or multiple lymph nodes< 5 cm 
in size  
Metastasis in a lymph node>5 cm in size 

Metastasis 
Mx 
M0 
M1 

 
Distant metastasis cannot be evaluated 
No distant metastasis 
Distant metastasis 
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Figure 2. Drawing illustrates the layers of the bladder wall and tumor staging based on depth of invasion. 

(See Table for T stage definitions)[23]. 

 

• Diagnosis 

Cystoscopy  

Cystoscopy continues to be the gold requirement for visualization and medical diagnosis of 

bladder tumors. Due to the fact that some malignant sores may not be obvious on white light 

cystoscopy, several teams have checked out methods to enable even more accurate identification 

of suspicious areas. Methods such as optical comprehensibility tomography and 

hexaminolevulinate-induced fluorescent light-guided cystoscopy have shown assurance but have 

substantial constraints [25], [24].This section will certainly focus on renovations in the diagnostic 

capacities of ultrasound, CT, and MRI. 
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Ultrasound  

Cystoscopy is an invasive method that may be uncomfortable for patients and can result in 

infection or, rarely, stricture. Noninvasive diagnostic methods have been studied in the discovery 

of bladder cancer however have shown deficiencies in the ability to recognize small tumors. 

Ultrasound has a minimal duty in the medical diagnosis of bladder cancer; nonetheless, 

contrastenhanced methods have been employed to enhance the accuracy of ultrasound. Nicolau et 

al. [26] executed contrast-enhanced ultrasound in 43 patients before transurethral resection of 

known bladder tumors and determined its accuracy in comparison to common ultrasound. 

Contrast-enhanced ultrasound offered a greater precision for tumor detection compared with 

common ultrasound (88.37% vs. 72.09%) yet did not carry out well in finding tumors< 5 mm in 

size (sensitivity 20%, NPV 28.57%). In this research, the benefit of contrast-enhanced ultrasound 

remained in making clear unpredictable outcomes, as the method accurately determined 7 of 8 

lesions regarded equivocal on common ultrasound. 

Computed Tomography urography 

Multidetector row computed tomography (CT) urography is the recommended imaging technique 

for the medical diagnosis and staging of upper urinary tract and BCa( bladder cancer) [27].CT 

urography has high diagnostic accuracy for urothelial cancers contrasted with intravenous 

urography (IVU) [28-31], yet has the disadvantage of higher radiation exposure. 64-CT modern 

technology with isotropic submillimeter spatial resolution supplies identical diagnostic capability 

to computed radiography. The coronal spatial resolution of a 64-CT system is reported to be 

similar to that of conventional excretory urography utilizing computed radiography [32].A 64-CT 

scanner is able to find the smallest filling defects (0.25 mm) in a phantom model, which resemble 

the smallest filling defects that have been commonly identified by purgative urography, 
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consisting of pyeloureteritis cystica and urothelial cancer [32].The reliable dosage for CT 

urography could be substantially lowered (from 66.3 to 27.2 mSv) by restricting the CT exam 

coverage (summed over all the scan stages) and reliable selection of procurement specifications 

(detector configuration, pitch, tube current-- time item). The usage of a low-dose unenhanced 

collection could additionally decrease the minimum dosage to 20.1 mSv. Such dose-reducing 

procedures do not jeopardize photo quality, as by utilizing the lowest effective-dose CT 

urography procedure, loading defects of 0.25 mm may be accurately identified making use of 64-

CT modern technology, equal to the efficiency making use of computed radiography. 

This implies an extensive evaluation of haematuria and for suspected urothelial cancer could be 

performed at an effective dosage of approximately 20.1 mSv, which is 8.2 mSv greater than that 

of a conventional excretory urography examination (11.9 mSv) including 5 KUBs (kidneys, 

ureters and bladder) (anteroposterior), one KUB (susceptible), 3 kidney radiographs and 8 kidney 

tomograms [32].Greater diagnostic abilities of CT compared to traditional excretory urography 

are well documented for the discovery of urinary system calculi [33],[34] renal masses 

[35],urothelial lesions [28],[31] and extraurinary findings [36] This enhancement in diagnostic 

capacities surpasses the use of enhanced radiation dose for CT urography Additionally, when a 

conventional excretory urography assessment is undetermined or additional imaging is deemed 

essential, the total dosage of the excretory urography evaluation and a follow-up CT assessment 

(20.1 þ 11.9 1/4 32.0 mSv) is 60% greater than the dose from CT urography alone. So, when a 

full urologic analysis is needed, CT urography provides a decline in total radiation dosage, a 

decrease in total comparison medium dose and a reduced variety of visits for the patient relative 

to a traditional excretory urography examination adhered to by a urologic CT assessment 

[32].More enhancements in radiation dosage optimization strategies and consensus referrals for 
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tailoring of CT urography to the ideal sign [27],[37] will continuously expand the growing body 

of scientific proof that sustains the adoption of CT urography as a substitute for excretory 

urography. 

Along with detecting urothelial tumors of the upper tracts [38],CT urography can additionally be 

made use of to detect bladder tumours. Advancements in CT technology and optimized imaging 

procedures have boosted the visualization of the bladder and the capability to detect bladder 

tumors. Turney et al. [39] reported the sensitivity of CT urography for detecting BCa as 93% and 

the specificity as 99%. Usage of CT urography as the first-line imaging test simplifies 

examinations for haematuria by offering a single option to the combination of ultrasonography 

and IVU. The sensitivity of CT urography is not high enough for CT urography to be made use of 

as a solitary test for identifying BCa, but CT urography demonstrates adequate specificity for 

BCa that patients that are CT urography positive for BCa could go straight to stiff cystoscopy, 

biopsy and/or resection. If CT urography is used as a firstline imaging investigation for 

investigating macroscopic haematuria in risky patient groups, then approximately 20% of flexible 

cystoscopies may be prevented, and patients can continue directly to transurethral biopsy and 

resection. Further renovation in the diagnostic sensitivity of CT urography might be attainable in 

the future by combining the CT with a urine-based tumour marker such as nuclear matrix protein 

(NMP)-22. 

Diagnosis: intravenous urography 

IVU is made use of mainly to spot filling problems in the calices, kidney pelvis and ureters and 

hydronephrosis, which might show the existence of a ureteral tumor. IVU might likewise detect 

huge tumors, which might be viewed as filling defects in the bladder. The have to carry out 

routine IVU once a bladder tumor has been identified is currently doubted due to the fact that of 
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the low incidence of considerable findings acquired with this approach. The incidence of upper 

tract urothelial carcinoma (UTUC) is reduced (1.8%), but this boosts to 7.5% in tumours situated 

in the trigone [40]. 

Magnetic resonance  

MRI has the advantages of intrinsic high soft tissue contrast and straight multiplanar imaging 

capabilities. On T1-weighted pictures, the bladder tumor usually has a low-to-intermediate signal 

intenseness much like that of the bladder wall. On T2 heavy images, the tumor has the tendency 

to be a lot more conspicuous, as it contrasts with adjacent frameworks (i.e., its signal intensity is 

intermediate between that of the darker bladder wall muscular tissue and the better high-signal-

intensity pee). Using diffusion-weighted imaging (DWI) in the staging of bladder cancer is a 

reasonably brand-new phenomenon. DWI is an MRI technique that generates in-vivo pictures of 

biological tissues weighted with the regional microstructural attributes of water diffusion. 

Malignant tissues have been shown to have more limited diffusion generally when compared with 

regular tissue. El-Assmy et al. [6] prospectively contrasted DWI with T2-weighted MRI for 

discovery and staging of bladder tumors. One hundred and six patients had actually T2MRI 

adhered to by DWI, and the results were correlated with last pathological results. DWI 

appropriately staged the bladder tumor in 78.3% of situations, whereas T2MRI just organized 

39.6% correctly. DWI was a lot more exact compared to T2MRI in both organconfined disease 

(69.7% vs. 15.1%) and > pT2 disease (92.5% vs. 80.1%). DWI showed great sensitivity (98.1%) 

and PPV (100%) when compared to cystoscopy, with missed out on lesions being 4 mm or less. 

Likewise, Takeuchi et al. [41] reported the value of DWI in anticipating the stage of bladder 

tumors contrasted with T2MRI and T2MRI with comparison enhancement. DWI enhanced the 

total accuracy, specificity and ROC curves for figuring out phase ≤ T1 vs. phase ≥ T2. The 
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authors also recommended that establishing the apparent diffusion coefficient could assist in 

determining high-grade tumors also. 

Making use of MRI in determining nodal illness has also been an area of energetic examination. 

Saokar et al. [42] compared searchings for of nodal participation in patients with bladder or 

prostate cancer. More nodes were found on MRI compared to on CT, and MRI was substantially 

better compared to CT in detecting nodes 1-5 mm in dimension. Various strategies have been 

used to more enhance the capability of MRI to detect nodal involvement. Thoeny and associates 

[43] integrated contrast-enhanced MRI with ultrasmall superparamagnetic bits of iron-oxide 

(USPIO) and DWI in 21 patients with bladder and prostate cancer whose pelvic lymph nodes 

were deemed typical on preoperative 3-T MRI. Last pathology exposed 26 metastatic lymph 

nodes, 24 of which were appropriately identified with the combination of USPIO enhanced MRI 

and DWI. Both remaining metastatic nodes not seen were micrometastases of 1 mm and 0.7 mm. 

Bellin and Roy [44] summarized the outcomes of researches of MR lymphangiography utilizing 

USPIO, showing a fad toward increased level of sensitivity in the discovery of metastatic lymph 

nodes not only in bladder cancer, however likewise in prostate and testicular cancers. 

 

 

 

 

 Conclusion: 
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Early discovery of bladder cancer is essential, because up to 47% of bladder cancer-- relevant 

fatalities may have been avoided. Conventional CT and MR imaging are only moderately exact in 

the diagnosis and local staging of bladder cancer; cystoscopy and pathologic staging stay the 

standards of reference. Whole-body CT is the primary imaging strategy for spotting metastases in 

affected patients, especially those with muscleinvasive condition. The function of more recent 

MR imaging sequences in the diagnosis and local staging of bladder cancer proceeds to evolve. 

Breakthroughs in MR imaging technology have made multiparametric MR imaging possible for 

the regional staging of bladder cancer to enhance treatment. Contrast improved ultrasound boosts 

uniqueness and level of sensitivity of bladder tumor detection and might function as a follow-up 

assessment for ambiguous ultrasound outcomes. DW-MRI and 64-slice multidetector CT provide 

excellent info concerning bladder cancer tumor and nodal phase. The CT urogram is the gold 

common imaging study for the workup of hematuria. More advances in three-dimensional 

innovation and higher resolution machines will likely boost the accuracy of these modalities. 
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